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calosoma. See also Calosoma, beetle. 
violet rove beetle, bulletin by F. H. Chittenden.............. 

Beetles, predaceous, insectaries for rearing............22-.-eseeeee 
Belgium, agricultural extension work........-..2.-.eccceeeceeeeees 

94742°—17——2 

268 
269 



D, DEPARTMENT OF AGRICULTURE BULS. 251-275. ‘ 

fino,  Pa8e. 
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decay an transit, Causes. 00 Ho ses. | 2) ee ee so ee a ce ee 274 16-19 
grading, shipping, and marketing...... ee oie a ge ISR 274 13-16 
anyuresan handling. lossdinona 24° 5" aes ¥en 274 17-19 
mold tune relation toyhandlnng” < 22 ame sae ee see ae 274 16-17 

Berry industry, Washington, Puyallup Valley...................-- 274 2-5 
Bibliopraphy;cipsy-moth: 0240 7.202 RR ye ee oe 273 22-23 
Black weevil, corn, school lessons, outline and suggestions......... 258 if 
Bladder worm— 

gid, description and development in dog............---.-.---- 260 9-10 
hydatid. See Hydatid. 
sheep, description, development and prevalence. ..........--- 260 11-15 
sheep. transmission by, Goo sh ...:/-Seeaeee ee lnoen oe eee 260 9-10 

Bladder worms, occurrence in farm animals, development and in- 
(PENaAN CO ee a naeiarieise te cscls oe eee ee oe eee ee ee 260 14-15 

Braxestee, E. B., bulletin on ‘‘American plum borer”. .......... 261 1-13 
Bolt weevil, school lessons, outline and suggestions. .....-.....-... 258 5-6, 30 
orer— @ 

American plum, bulletin by E. B. Blakeslee.-............... 261 1-13 
American plum. See also Plum borer. 
Parandra, as orchard enemy, bulletin by Fred E. Brooks...... 262 1-7 

‘Bosnia acticuliuralextension work: |: ./ Ai 2 oe eee ee 269 13-14 
Brazil, acricultural exfension ‘work:...- oben 22-5. J) eee 269 8-9 
Brooks, Frep E., bulletin on ‘‘The parandra borer as an orchard 
ODOM ee oe SO ae a eels Bees oe'< = - SERN iat he ayer ep oe 262 iy 

Brunner, Joser, bulletin on ‘‘ Douglas fir pitch moth”........... 255 1-23 
Bureess, C. W., and ©. W. Cotiwns, bulletin on ‘“‘The calosoma 

beetle (Calosoma sycophanta) in New England.............._.-- 251 140 
Burr, W. W., E. C. Cuttcort, and J. 8. Coin, bulletin on ‘‘Crop 

production in the Great Plains area; relation of cultural methods 
PO Vaelds eee ee aes ee ok a we ie poms elias pee Se panes ee apa 268 1-28 

Butter, making, school lessons, outline................----------4- 258 17 

Calves, care, school lessons, outline and suggestions................ 258 8-9, 14-15 
Calosoma beetle— 

(Calosoma sycophanta) in New England, bulletin by A. F. Bur- 
wess andy Co Wi Collamge sxc 2 Se). aan is es pe apa engl oe 251 1-40 

colonization, and liberation, numbers.......---.-----:.------- 251 19-20 
dispersion, by towns from which liberated.............-------- 251 21-39 
TNPOLLS ATOM Wi ULO MELA 4.2/5 eee =) SEE ere eee eee eee 251 2 
investigations, method of securing data from field colonies... -- 251 20-21 
iter history, habits, 6bes= seas see =< Ceee eee eee: ae ee eee 251 7-18 
SAMAR Mery Ly Suelo Ke sae A steel ete MM «SOE PIS Getel Menem aS a 3s 251 18-19 . 
occurrence and investigational work.-.........--....----.----- 251 3 
packing for’ shipment, directions... 2... - <a asi- esis aoe 251 2 

Calosoma beetles— : 
economic importancel sis s2gaeee ee. eee soel)- | eee eee 251 30-40 
‘Tearing, equipment and management. ........---------------- 251 4-7 

Calosoma sycophanta. See Calosoma beetle. 
Canada, acniculturaliextensionywotkee-- sehen eee eeeeeeee alee 269 12 
Cane, sugar, school lessons, suggestions.......-.-..-.-------+------ 258 10 
Canning factories, market for fanmers_- 2.222222 ssese esse 22 eee 266 J1-12 
“Car peddling,’’ marketing farm products, methods and objections. 266 11 
““Car-lot assemblers,’’ methods in buying farm products............ 266 13 
Carpocapsa pomonella. See Codling moth. 
Cattle— 

arsenical dipping baths for tick eradication, changes in degree of ~ 
Oxidationlofarsemic Ue Mo yA Tae eee eva rere cee 259 1-12 

types and breeds, school lessons, outline.....-....------------- 258 16-17 
Cereals— 

experiments at Williston station, bulletin by F. Ray Babcock.. 270 1-36 
growing in North Dakota, experiments with six kinds at Willis- 

ton; companisons: 32.328 2 eee era pgat a Sp eres 270 33-34 
Cuarin, Ropert M., bulletin on ‘‘Studies on changes in the degree 

of oxidation of arsenic in arsenical dipping baths”.............. 259 1-12 
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“Chestnut telephone-pole borer.’’ See Parandra borer. 
Siieken flea, mfestation of dogs, note. ....-.-..+.--.20.- 0222. 260 
Cuitcort, E. C., J. 8. Cotz, and W. W. Burr, bulletin on ‘‘Crop 

production in the Great Plains area; relation of cultural methods 
EL IG SR al an a Se RU eer 9 Se rate ee ee an ee 268 

CHITTENDEN, F. H., bulletin on ‘‘The violet rove beetle” ........- 264 
PemarenpeO aliiornia, location. (2. ol... .-. ssseeeh se oasis oe - 256 
Milogers scnoo! lessons) outline: s..<iss-2 2. FSP SU 258 
Codling moth— 

Hea RRONETTFCOSUEGR <p aoe ions Sele te, wt cil kas | I eee SS US ae 252 

Peeeoermpeerod Or larvae: 28) p Sooo. 2 ATR ee Te ak: 20 

life history in Maine, bulletin by E. H. Siegler and F. O. Siman- 
Sarrrperemrns © 764 4 0 Cee a AUTOR 252 

rearing in captivity, life cycle, feeding, etc...-...----....---- 252 
seasonal history, 1913 and 1914, in Maine, with comparisons.... 252 
spring broods, time of emergence, oviposition and length of 

EA Reeraa chistes ts SEE aR Ea) SU CEE cea 252 
PnreReOpe and methods coo. see... LEE Seek 8 252 

Coenurus cerebralis. See Biadder worm. 
Coxz, J. 8., E. C. Camcorr, and W. W. Burr, bulletin on ‘‘Crop 

production in the Great Plains area; relation of cultural 
EEA LO ViCI Es 2S Sp AR 2 2 RSE AE BULAN 268 

Corus, C. W.— 
and A. F. Buresss, bulletin on ‘‘The calosoma beetle (Cal- 

osoma sycophanta) in New England..-.....-....----------+-+- 251 
| bulletin on ‘‘ Dispersion of gipsy-moth larvae by the wind”’..... 273 
_ Corrs, J. H., J. W. FisHer Jr., and Wetts A. SHERMAN— 

bulletin on ‘‘Methods of wholesale distribution of fruits and 
mepetapleson large markets’ 22Ne Use ee OA enh 267 

bulletin on “‘Outlets and methods of sale for shippers of fruits 
ERE PETAUICD moe 5 2 SERIAL SPIGA TEEN EVE ANS 266 

Colorado— 
Akron— 

crop yields, soil moisture, etc., influence of time of 
pow small-erain stubble... .. . .Ser.-jascrelscte nies 228 253 

precipitation by months, 1905-1914.................--..-- 253 
eastern, plowing small-grain stubble at different times, effect, 
mene oy C2 J Orace:s.255225525.seest2ess). Le: 253 

Commission merchants, fruit and vegetable work and practices...... 267 
Connecticut, dispersion of calosoma beetles, towns from which 

eerie Se Ss Sete he ciao = APA ot TS SOE ee 251 
Cooperative marketing— 

development of associations in West............-.------------- 266 
methods and responsibilities of association..........-..-..----- 266 

_ Corn— ; 
black weevil, school lessons, outline, and suggestions......---- 258 
growing, school lessons, outline.........-...2.---.-2.2..-.-d0- 258 
MM RCUDOL ISSsONS, OUTING, -. 2. ..\-:-- --eigbiehe ora neabinw cesses 258 
yields and cost of production by different cultural methods, 
ST MEATALTIO Soo Ae pees, = leks SEL ae 3,2 ee ook see sole eecertnd 268 

yields from fall-plowed and spring-plowed stubble in eastern 
ETAT ss Oe a tee eae Ss : 5 Semele OE Oy Evy ary 253 

Cotton— 
boll worm, school lessons, outline...............-.-.---+---0-- 258 
AIS -BCUOON 1OSSOTIS) OUTITNO Le lacie. . a gio ieieis ac wieleualn ea oie a sete 258 
plant, school lessons, outline, and suggestions...............-- 258 

Cover crops, school studies, outline, and suggestions..............-. 258 
_ Oranberry rootworm— 

DumeGuLY bee os, MoANiel 2505755: Bee do ada INS 263 
ry ES LAS B Basie Se ae ae OR: ee eer a 263 
Gescription, life history, and habit. ....2...2-4-22sccss-s000- 263 
distribution, host plants, character, and extent of injury....... 263 
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Crop production, relation of cultural methods to yields, Great Plains, 
bulletin by E. C. Cholcott, J. 8. Cole, and W. W. Burr....... 268 

Crossties, cypress, number purchased by*railroads, 1911..-.....-.-.- 272 
Cypress— 

forest Manarementucosiand valle meear]-smeee ee eee eee PA 
growth nabitsin various localities. Sa2t in. -.eese seas e eee eee Pie, 

“‘knees;?? crowth habits, functions, ete:..--..-=-2.526.-+2 22-55 zal 

lumber— 
prades stock wand Seasoning 2-nemee- seep eee eee eee 272 
META DVEKCHDUREO! COS h, KATA oo om coookaoeeddoou see cucu Sue 272 
AMAT KETS aI GOEL CESS sees = 25). ee ee ee ae Die, 

lumbering, practices, costs, wastes, etc.............-....---.-- 272 
planting and sowing, practices and cost...--..--.-----1------- 272 
soil and climatic requirements, natural enemies, etc......-.---. 272 
Southern— 

bulletin by Wallburpiys Mattoon sien cs yeas ee eee 212 
importance, nature, characteristics, and growth habits. ---- 272 
life history, occurrence, reproduction, etc.......--.-------- 272 
physical and mechanical properties of wood.........------. 272 
THORS, SOOT, Gil ananmpell Cbg ssecadccosouseecoccsocccs BPs 

Btandspureand mixed: jyield, ectqeae 4.42 h2 oa5 5 ea 272 
stumpacey holdimesrandinyalwes = -2)5 ame oa ee ae eee 272 
HEWN och Kee a ee eee yen. 2 ReneS ee omen We araia. iS / . 272 
timberasupplygandsammiual (Cut a> pees eae ee 272 
MISES: OLPWOGGU A ease Nott SR) UR RERUN aE et tir aa 272 
viola jliallol Gs Sta eG rs Syn SU 2 er ose clay EES 272 

Cysticercus ovis. See Bladder worm, sheep. 

Dairying, school lessons, outline and suggestions ........--------- 258 
Dipping baths, arsenical, changes in the degree of oxidation of 

arsenic, studies, bulletin by Robert M. Chapin.......-...------- 259 
Miseases; transmussioniby Gops 4. 2s... eee ea ase 1 eee 260 
District of Columbia, road preservation and dust prevention, experi- 

ments, progress report: ._.....-22.-.- es mene res Se Eee a SD ats 257 
Dock false-worm— 

bibliography aye ss 2h ee ER ee ON ce 265 
descuiption= litte shistoryzand’halbits|eseee ees eee aes 268 
ecCoMonIe Importances | sss se... eee see se eee eee 265 
enemies and Temedies ss 22 )360)30:. {eee ee ae Bee tee aes 265 
food! plamts 852 es Bees: ogee on CO ces a oo eee 265 
history, distribution, injury to apples, etc.-.......----------- 265 
orchard pest; bulletin by E. J. Newcomer......--.--....---.- 265 

Dock sawfly— 
apple pests ce gece ee Seok eee ele Sab nee cree ge 265 

deseription and studies: *o.2-.5. ++ -seee ccc sec oe eee 2654 

See also Sawfly, dock. 
Dog— 

carrier of parasites and disease, bulletin by Maurice C. Hall.... 260 
flea— 

Pest Of Mami. 27s Hy. APA eh RE ee oi ee een Sle ea 260 
{raMsmissionsof tape wollen. = see ae eee eeee eee oe Cree eer 260 

host of hydatid tapeworm, danger and preventive measures.... 260 
host of tapeworm, method of infestation. ......-.------------- 260 

Dogs— 
muzzling, means of rabies eradication......2.--.+--2-------25- 260 
Obj eCtiors Cos ee se ses ie Snir el scenes ee ere ec en 260 
Tabid ss MesrisboOdresuimaly tains seees pa ae eee ee 260 
Symptoms! Of Tables vie yee 2s ss Sie Se ARR Sie et ee ae 9 aR 260 
vermin infested, danger as disease carriers. ....-.-.----------- 260 

Douglas fir— 
damagelby Douglas fir) pitehimoth 228: ce0 a) Seaee oes eee 255 
pitch moth, bulletin by Josef Brunner......-...-.2...----+----2 255 
sesiid wounds, nature, and location=.-2. 2222222252. .525e2 eases 255 
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Draeculacephala mollipes. See Grain leaf hopper, sharp headed. 
Preseeee er ecnool lessons, oubline.22 0 NSP 2 See ce 258 18 
Dust prevention and road preservation, progress reports of experi- 

TEQSEETS, TST aie Ah NR et eg a Se SE rE MN peter ie Re 25 144 

Echidnophaga gallinacea, infestation of dogs.......-.---.---------- 260 20-21 
Echinococcus spp. See Hydatid. 
Eges— 

~~ marketing, school lessons, outline. ..........2seseseeeeeeee eee 258 13-14 
preservation, school lessons, outline. .....-------------------- 258 32 

usta, aericiltural extension work:--:::5/..--2-5--2 02-225. 822 269 12 
Euzophera semifuneralis. See Plum borer. 
Experiment stations, Great Plains area, climate, crop production,etc. 268 3-26 
Express marketing, advantages and objections........---.-.....--- 266 10-11 

Farm— 
5, 6, 8-9, 

‘ j 12, 14, 16, animals, school lessons, outline and suggestions.......-.-...-- 258 18°19 99" 
p) 2 

23, 28-29 
implements, school lessons, outline................--..---.--- 258 19 
products— 

menO Ete SPTACtICeS ses ns fs 2”. mes Ne ae 266 17 
dinteibutine agencies, necessity... .-j5-2-0---.+2--+-2---- 267 2-3 
marketing methods, middlemen, various markets, etc.....- 266 7-17 

MEEEMEIMBICCS: SECTING (C6C. <2 22 5 cacisia/5,..- Sere nents aetna * 266 17-23 
Farmer, marketing methods, business responsibilities, etc.....-.---. 266 2-17 
Farmers’— 

institute work in United States, 1914, and notes on agricultural 
extension work in foreign countries, bulletinby J.M.Stedman. 269 1-21 

institutes— 
2 ERLE SE GUS ENGEL as eS I eS, RR 269 2-3 
appropriations and cost, by States.....-....-.----.------- 269 18 
iaamees, Teporis, etc., by States... -- Gee si.1s2 decnieie sacs 269 19 
number and attendance, by States..............-.-....---- 269 16-17 
Mein ta cuatee Dy States. 2c... comes: oe cee ce seers 269 14-15 
OED DIGRESS Rats BRE 2 es aA Span 2 Sag ee aC at 269 3-7 
emma EDL AM TE SUES Se 08 ape «2 a,5 eee ee ee see 269 16-21 

Fertilizers, schoo! lessons, outline and suggestions............--..-- 258 20, 23-24 
‘lal Texas, arsenical dipping baths for prevention, studies...-..-- 259 1-12 
ir— 

Douglas, injury by Douglas-fir pitch moth...................... 255 7-11 
mampeeeeesy, relation to Wwounds........:22.-----s0-- s+ -ceee- 275 54 
white, pathology investigations, tabulated data, etc..........-.. 275 27-53 

Fisner, J. W., jr., J. H. Cotirs, and Wetts A. SHERMAN— 
bulletin on ‘Methods of wholesale distribution of fruits and 
Bape eai Gl NATee, MAT KCIa” so: 5... ~ «gee ola = pin os rere ai secre 267 1-28 

bulletin on “‘Outlets and methods of sale for shippers of fruits 
LE SOEs sale aia kA A a 9 a lle a EN 266 , 1-28 

Flax, growing in North Dakota, experiments with different varieties 
PNEPISEEBU OSL ATNON 9 23 or. = =o fat a a's. 2 5 oe pra cla oie e open 270 33 

Flea, dog, transmission of tapeworm.........-.--------n-----00---- 260 16 
Fleas, transmission of disease, dog as host, etc............---..---- 260 19-21 
Florida— 

road preservation and dust prevention, experiments, progress 
EREDAR oats a Re cot ihr als hi) Pen mm OEE (=, nmi ar di o/mverat omit, aint ay = 257 1-17 

SURE PRE i xe cing Sd he fs ah olalet A SEAS Ld opal, yo, o)te omy aiais'ay ose, tyorat 3 272 50 
Flowers, studies, school lessons, outline...........------2ee--+----- 258 35-36 
mutes, spread by dog 96 CAITICY..... .nncecc-ccacienncisiencccancianncs 260 23 
Forest— 

cutting cycle and cumulative risk, discussion..............---- 275 8-14 
pathology in forest regulation, bulletin by E. P. Meinecke. .... 275 1-63 
pathology, investigation methods.............20ee----0e++--- 275 22-53 
regulation, care, timber sales, marking, cutting, cycles, etc.... 275 54-61 
Mate AATR GLIBC TISGION Aim oe 5: or aude a >, «anita os iotenieiaitle se eiaavoin as 275 6-8 
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Forests— 
conservation, conditions, and needs, discussion.....-.-..------ 275 
regulation of yield, management, iscussior ean sa eee 275 | 

Fork-tailed katydid. See Katydid, fork-tailed. 
Formaldehyde, use in arsenical dipping baths.....................- 259 
Brance, agricultural extension work:\.2545-.42 hee do. ecco se eeeee 269 
Fruit— 

growing, school lessons, outline and suggestions.............---- 2s 

trees sinyumny: frommpatandiray blebs eee eee eee eee eee 262 
Fruits— 

auction sales at large markets, advantages and objections...... 267 
deciduous, insects injurious, Department publications on, list.. 265 
distribution channels, relation of routes, etc.......-...-------- 267 
handling through large MAE TS. aye eee ee eee ee 267 
losses in marketing at large markets..........-...2.----2.2.--+- 267 
marketing car lots, receiving at market, rejection, etc.........- 267 
sale, outlets and methods for shippers, etc., bulletin by J. W. 

Fisher, jr., J. H. Collins, and Wells A. Sherman’ .0Js aceon 266 
shipments to large markets, terminal distribution and sales..... 267 
wholesale distribution on large markets, etc., bulletin by J. H. 

Collins, J. W. Fisher, jr., and Wells IN Sherman. game 267 

Gardening, school lessons, outlines and suggestions. .........-.---- 2581 

Georgia: Swall pareds tee te eee geo: Rea Se a ages 272 
Germany, agricultural extension work. -2222--------2---2.--ee sees 269 
GIBSON, EpMunD H., bulletin on ‘‘The sharp-headed grain leaf- 
hopper” se a el aap Bs eI yh, le iN RRM a oS a i 254 

Gid— 
disease— 

nature. catise, anduprevalencesey. = - 222 2) Ss sa alee 260 
occurrence in man and animals.............. HNN eles 355 260 
OCGuTEence im Uae Staessen a eee 260 

parasite ute histobye ec wees. Ce en ee ee eee 260 
Gipsy moth— 

bibliography z.. S22. ate Sam ans 20° Ree ene Sees a eee 273 
control by calosoma, beetles, work and results in New England... 251 
dispersion, investigations and studiess.----- 222-2 242- ee nee 273 

Gipsy- moth— 
caterpillars— Q 

destruction by calosoma beetle, manner and numbers. ----- 251 
soarmeo (habits): 9°55); feces,” ae) ea ee See 273 

larvae— 
dispersion by wind, bulletin by C. W. Collins..........-..- 273 
dispersion by wind, screen experiments at various places, 

dates and nunibers echughit, tees > eee aoe ae 273 
hairs on, investigations and studies + (2 ik Bite Pa 273 

Girdling cypress ‘tr ees, practices, advantages and objections. .....-- 272 
Grace, 0. J., bulletin on ‘The effect of different times of plowing 

small- -grain stubble in eastern Colorado”.......-.------2------2- 253 
Grain— 

crops, school lessons, outline and suggestions..................- 248 
erowing— 

experimental methods at Williston substation, North Da- 
LOU ES Mee ee epee bs Seem hed Orth ea NL aie 8 270 

in North Dakota, experiments at Williston substation... - - ener ci) 
leafhopper, sharp-headed— 

walle tia ye dim ade Glo somes oes eye ae 254 
control andigremedial measures Meer see seca e eee eee 254 
description, life history and habits............-......-.-- 254 
economic importance, injury to crops, distribution and food 

plants feo fe ose: | eee eae oo eee 254 
(ELIS) 110 (ea PO NS A Serato, pu eed Tua RR es 5 254 

stubble, effect of different times of plowing in eastern Colorado, 
bulletin by Od Gracess sr 0th. same One) apne een ees 253 
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Great Plains— 
ULES ALD “PEED Se eee, eae lI LN eel ca 
crop production, relation of cultural methods to yield, bulletin 
by E. C: Chilcott, J. W. Cole, and W. W. Burr..-......-.-...-- 

TAD EFS, REE TCLS Ba 016 C0 ep eR RE a 

Hatt, MAURICE C., bulletin on ‘“‘The dog as a carrier of parasites 
EIRENE ata A cine s oc eis «=, ceo ea ice ie eS ees al 

Harvesting— 
raspberries, injury to fruit, BUCO eShlOn Sse ee aes oon some 
raspberries, practices in Puyallup Le, Washington........- 

Hauling berries, practices and suggestions.......-- ne es cre 
“Heartwood borer.’? See Parandra borer. 
Herzegovina, agricultural extension work............-..---+.------- 
Hogs— 

management, school lessons, outline and suggestions.....-......- 

school lessons, outline and suggestions........-..-.-----.-.------ 
Honeybees, school lessons, outline-..-......-...2-..--2 2222255552 52 
Horses— 

seedineanechoo! lessons, outline. 2.2)... 2226s 5222221 bl ls: 
types and breeds, school lessons, outline.............----------- 

Horticulture, school studies, outlines and suggestions................- 

Horton, J. R., and C. E. PENSE RIN, bulletin on ‘‘Katydids inju- 
rious to oranges BANC AMORA BONS OFS As. . Rh ee IN 

Hydatid— 
Penesree nit. - prevalence. t2260 2 [00 | MAPA, SSG A). 
disease, occurrence in foreign countries. .......-.--.2-22--.-2--- 
ReMMMPERIAMOer LOINAM CLC. 22 <2. \ asi stasieaaie tint oo = onic e ee 
transmission by dogs to man and animals. ..................... 

Hydrophobia. See Rabies. 

Idaho, road preservation and dust prevention, experiments, progress 
Ne PID ARE oo olan 2 or a 5p cia iaimrniaia) sinters oic'e = SU Siare. sie ale sicher aie ye teeENS 

Implements, farm, school lessons, outline...........-...........---- 
Insectaries, equipment for rearing predaceous beetles.............-.- 
Insects— 

injurious, school lessons, outline and suggestions. .............- 

injurious to deciduous fruits, list of Department publications on... 
lowa, road preservation and dust prevention, experiments, progress 

“2 SUVS) 12 GREE A RSS Oe ee Sit OCR oi iS elena eee 

Jassid, sharp-headed grain. See Grain leafhopper, sharp-headed. 
Jobbers, fruit and vegetable, work and practices... ......-22......- 

Kafir, yields and cost of production by different cultural methods, 
RISA tol aS oo Shee felon = AS Pon ee ei 

Kansas, road preservation and dust prevention experiments, progress 
OU ae A OE aA G9 Oe UO bode ©.” God gale rid Carini OA Seer 

Katydid— 
angular-winged— 

description, life history and habite...........-.-.......-- 
injury to oranges in California, notes.............-..------- 
injury to oranges, nature and extent SHAS Sia la Sidra wichk's tal date nts 

fork-tailed— 
description, life history, and fepite BPE Sides, daligtaiecs aid wate Croke 
food tate aah deed p se .c A> asad cee ofc (atbeeiata hd 2 Wel. Pelqed bred ate’ 
injury to oranges in California, nature and extent. 

Katydids— 
control on oranges, methods and experiments..............--... 
ee to oranges in California, bulletin by J. R. Horton and 
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Kentucky, road preservation and dust prevention, experiments, 
1G OT Loe ee eee eae 257 

Larch! hostio: Douvlasfir prichumoth: 2s. eet]. = seen ae 255 
Leafhopper— : ; 

sharp-headed grain, bulletin by Edmund H. Gibson........-- .. 204 
See also Grain leafhopper, sharp-headed. 

Leguminous crops, school lessons, outline...........--2-22.22.222--- 258 
hichinine injury to timber mores.) yh eee ert see eee 255 
Linguatula rhinaria, nature, infestation of farm animals, transmission 
[She GHC 44S b 5 ges. 2 Soe cdéedeedené soScn Seong acsaecesozo5o2~ 260 

Live stock, school studies, outline and suggestions............-....- 248 

Logging cypress timber— 
Be rates and dithiculties ssa 77. cn seme cen ak ete ee ee 272 
WEBS 5 ssh 55 sshd sdececuscosagesasoossbonsdeouincsesohsososns 272 

oulsiana swamp areas - oss crer bn eo ocean Se oracle a vise yee 272 
Lumber, cypress— 
on SRE C2) GIO) eae ae ea aA LAN MERRY, dies Megs Ase PRU Dor laren DZ, 
Marketsiand prices 5.,..:-.....5.. Sek te ee ee yee ee tee eee Bee 272 

Lyssa. See Rabies. 

Maine— 
codling moth, life history, bulletin by E. H. Siegler and F. L. 
UMMM sear ogse ase anata ap | OR SE SL ie en Say ea pe 252 

dispersion of calosoma beetles, towns from which liberated....-.. 251 
Manure, use on farms, school lessons, outline.-......-...-...-....-- 258 
Market— 

advantages of personal visit of patron......----------.--------- 266 
fruit and vegetable, selection, suggestions to shippers.......--.-- 266 

Marketing— 
cooperative associations, methods and responsibilities........-. 266 
fruits and vegetabies— 

Department publications, list (eseeh-e. 2-25) peer 266 
directisales:andid elavery-s250=: 2 pee see eee eee eee 266 
methods of wholesale distribution on large markets, bul- 

letin by J. H. Collins, J. W. Fisher, jr., and Wells A. 
hernias tenet aie: Meee ses ee Sar OM Get Seem 267 

outlets and methods of sale for shippers....:--....--------- 266 
middlemen, practices and advantages.......-.-.-----22-ss22=: 266 

Markets— 
fruit and vegetable, receiving car lots, methods..............- Re eA: 
publicyadvantages tomproducerss=-- {eee een eee eee eee 266 
wholesale distribution of fruits and vegetables, methods, bulle- 

tin by J. H. Collins, J. W. Fisher, jr.,and Wells A. Sherman... 267 
Maryland, road preservation and dust prevention, experiments, 

PYOSTESS! TE POLS Se AS Se eae eye es 257} 

Massachusetts— 
dispersion of calosoma beetles, towns from which liberated, 

POSULES NOTCH oe tps Sse Wh on eet oe ei eee pi a 251 
road preservation and dust prevention, experiments, progress 

TE POLE 2250 bos eee 2 3 a 257 
Matroon, WiiBur R., bulletin on ‘‘The Southern cypress”....-.... 272 
“‘Measles,’’ sheep, nature, cause and prevalence.....--.--......-+-- 260 
Meat, preparation and preservation, school lessons, outline and sug- 

SeslONS ee so eee SS pM Ne > RR STE CN UGE Os Ee 258 
Mernecke, E. P., bulletin on ‘‘Forest pathology in forest regula- 

LOM?) PE oi BNE RE ESP, LEANER sk BONE On 275 
Merchant, country, ‘‘middleman” in marketing fruits and vege- 

tables 8 se2 So asa es hse Se RR ee eS 266 
Microcentrum rhombifolium— 

injury to oranges in California, notes... ..........---22eeeeeee 256 
See also Katydid, angular-winged. 

Page. 



INDEX. 

Milk, production and care, school lessons, ATG ee NR 
Miter, E. A., bulletin on ‘‘Lessons in elementary agriculture for 
Alabama schools, TEES) yy angle eee cee doee eases Gee cock 

Milling, cypress timber, PLACHICES WASLO ELC = sti aro craletaicynle cial = 
Milo, yields and cost of pr oduction by ‘different cultural methods, 

SUeet Faria e ce Ses iat BORER Ca EAR 
| DEST ELD (TS SCLIN 2 aaa eae a 2p en RL 
of TEDILEE. SOLD OIS Raa I a = Re OR if 
Moth— 

Codling. See Codling moth. 
Douglas fir pitch, bulletin Dy OSCE -DTUDMET Se anus steicisacicje shoes 
Gipsy. See Gipsy moth. 

Multiceps multiceps. See Bladder worm. 
Muscular cysticercosis. See Measles, sheep. 

Nematodes spread by dog as carrief: 2... il. ce ces eee eee eee 
New England— 

control of gipsy moth by calosoma beetle. ...........----------- 
Gipsy moth— 

control by calosoma beetle, work and results -..........-..- 
dispersion, by wind, investigations and studies -..-......... 
introduction and spread ra Sr NR oS SRR AUS OME Te ee opti 

New Hampshire, dispersion of calosoma beetle, towns ‘from which 
MMPEMEmeMtCBlis ete. 22252232 be Ol AL .. DR Te ke ki 

New York, road preservation and dust prevention, experiments, 
progress report SSESG GSE Arete y eae i aeeges1 es eas a ny tens 

Newcomer, E. J., bulletin on ‘“‘The dock false-worm: An apple 
pny ee cae cies Ge aoc mine Melo e ne ane teas: 

Memimearolna ‘swamp area) >: 3522 232022 3 Poe seer 
North Dakota— 

Williston experiment station, cereal experiments................ 
Williston substation, location, physical and climatic conditions. . 

Cats— 
characteristics of different varieties........ 2-0. J)...2.020 20.2.5: 
growing in North Dakota, experiments at Williston substation, 
MEABUT RCN Use Sys oe ay. eee a UL Se 

yield of different varieties at Williston substation, North Dakota. . 
yields and cost of production by different cultural methods, 
eee ANTS 90 Boe sci o se Bee era e 2 penn ais spagaimear eters coenst a eee os 

yields from fall-plowed and spring-plowed stubble in eastern 
“WER OO pie a SaaS EMM, ei tert my Ys Ce! a ai 

Ohio, road preservation and dust prevention, experiments, progress 
Etre i = wo oie cic sissies ae Ycisle Hs o.0 5 o Aepiehs Shs eee mee se ee 

Okefinokee Swamp, Georgia, description, relation of cypress repro- 
duction to changes in topography ised sts hart Siti gOS ethene sted Lets 

Orange trees, spraying against katydids, experiments.............-. 
Oranges— 

dropping from trees, prevention..............-.-.---.2-.----- 
oabite injurious in California, bulletin by J. R. Horton and 

ROMERIADOMDOW aces aice s bbb bs pip oS pee SaaTT aes emissions 2 
ees 

enemy, the parandra borer, bulletin by Fred E. Brooks.......-. 
trees, treatment for parandra borers..-...........0ccee-cccee cee 

Orcharding, school lessons, outline and suggestions.........-...---- 

Orchards, school lessons, outline and suggestions................-.-- 

Pansies, injury by violet rove-beetle, nature and treatment.......... 
Parandra borer— 

as orchard enemy, bulletin by Fred E Brooks.............-.--- 
distribution, character of injury, and life history............... 
enemies and remedial measures.........-+..++.-++se+seeeeeeeee 

Parandra brunnea, See Parandra borer. 



10 DEPARTMENT OF AGRICULTURE BULS. 251-275. 

Bulle- 
tin No 

Parasites— 
GistrauiloM Wy Coss. eee eee me eee ieee oie eae 260 
spread by dog as host, descriptions and danger................ 260 

Parcel-post marketing, advantages and objections.................. 266 
Pasteur institutes, number hydrophobia cases treated..........-..-- 260 
Pavement ant, description, comparison with violet rove-beetle...-. 264 
Peanuts, growing, school lessons, suggestions. ........------------- 258 
becky. Gypress, prevalenceland CaviISe seme. oe none ek eee ee oes 272 
PEMBERTON, ©. E., and J. R. Horton, bulletin on “‘Katydids in- 

jurious tovoranges im Caliiornia 4 -./ eee ter eee eee ee 256 
Pigs, management with sow, school lessons, outline and suggestions.. 258 
Pine forests, injury from Tremetes pint, discussion........---.------ 2H 
Pitch moth, Douglas fir— 

bulletam by Josef Brunner: )*-). oo aaa eee oe eee 255 
distribution and damage, investigations...........-......--.-- 255 
enemuesyand (controlmeasures. 2. <-/-ae-05-ee eee ees eee 225 
hostiirees and character oninjury.s4- pee eer eee ee eco ee ee 255 
hiteshistonya habitatvamdirane eli) ye pee ae eee eer ra  eee 255 
Sy MOMy My ANC Tbe TATIRC SS.) so). Stee res Pee eee eee a 255 

Plants, growth processes, school lessons, outline..........-....----- 258 
Plowing grain stubble, in eastern Colorado at different times, effect, 

bulletin bysOV I Graces sh. 20... sc cee ee ne cle oe hee ees 253 
Plum borer— 

American— 
btbligora phy. soe isci sa cyste ale, < «See sai = tel rere eee eee 261 
bulletin by E-1B Blakeslee: 2. eee: | chee sere Salen ya eee eee 261 

description. tiie history, and habits: Seeeen eee ae 261 
enemies and remedial measures. -........----5.------2----0--- 261 
history, distribution, and feeding habits ...........---...-...- 261 

Porthetria dispar. See Gipsy moth. 
Potato beetle, school lessons, outline and suggestions............... 258 
Poultry— 

houses, school studies, outlines and suggestions...............- 258 

school studies, outline and suggestions..........-......-.-----.- 258 

Precipitation, Great Plains area, annual and seasonal................ 268 
Protozoa, spread by dog as carrier, danger, etc......-.-...--------- 260 
Prussia sacticulturalvextensiom workes-posee ee eee aoe eee 269 
Pseudotsuga taxifolia. See Douglas fir. 

Rabies— 
eradication from foreign countries, management ........-......-- 260 
nature, cause, transmission by dogs..:-..---:-:-222+sss-ssss- 260 
prevalence, cases treated at Pasteur institutes, etc. .......--..-. 260 

Ramsey, H. J., bulletin on ‘‘Factors governing the successful ship- 
ment of red raspberries from the Puyallup Valley’’...........-..-.- 274 

Raspberries— 
handling— 

experiments and*results3: 25. {Ree Bee ees ee 274 
picking; erading, -hauline ete. .2222:225252eeeanses sere 274 

precoolmevexperiments andiresulits. eee = ea eene eee ee eaeee 274 
quality, relation to rainfall at harvest time.......-....-.......- 274 
red— 

growing methods in Puyallup Valley, Washington.......... 274 
shipment from Puyallup Valley, factors governing, bulletin 

bsyi J), WRamdsey ee Bee. SRR eet ei cae sc 274 
iraimingemeLhod ssc Sasa Wy se... gepecOnny cee Pe aeemeeer ne oe 274 

Raspberry, growing, Puyullup Valley, Washington, growth and 
aap Matud CMOh IMG UShEY hoses soeeis ot |. eer pe eee ean 274 

Red raspberries. See Raspberries, red. 
Reindeer, muscular cysticercosis or ‘‘measles,’’ cause and prevalence 260 
Rhabdopterus picipes. See Cranberry rootworm. 
Rhode Island, dispersion of calosoma beetles, towns from which 

Atberated soo. eee tie ae tin Ue Wo a aires UROL I It ain 251 
1-44 



INDEX. 

Roads— 
PELOIL UST RCS e a ee ee PAE a Cie aa we i 
treatment for dust prevention and preservation, experiments, 

POSSESS RECOM do hast ao odacageugeavous soodcosdsco Ibobnem esas 
Rootworm, cranberry— 

bulletin Bastia Scamme\;\loi cece ot ee eh oie eigah aeces 
REM IHFOUFROASUTOS to SeiociSo a cterreie a = ia wie s Wyatsie eval areistaretdya ci ote hiaieys 
description, life history and habits..........----..-.----------- 
distribution, host plants, character and extent of i injury .. Mpren Spe 

Roumania, agricultural Exbensronyworlkey. Wc hace Pier isis xcigs siebae oas 
Roundworms, irs ONY yA OOS tals jae el racic rie aan Sasa 
Rove-beetle, violet, bulletin by F. H. Chittenden.................. 

See also Violet rove-beetle. 

Sales, farm products, practices and terms..........-......-..------ 
Sawfly, dock— 

apple pest, source of dock false-worm.........-...-.----.----- 
REMI P es Seb Ae SRS oi ela ieee eels ne whos Soe 
Sashes en ess sturdres ar ttc ss ati s eS Ae SO 

Scammett, H. B., bulletin on ‘‘The cranberry rootworm”’ 
Schools— 

Alabama, lessonsin elementary agriculture outlined by SEO aS, 
utletmubiye He At Millers syn. boc aie aS le ad 

movable agricultural, number and attendance, by States. Lis aif jap 
Scolytus unispinosus, destruction of Douglas fir, Hote Mo ee 
Scudderia furcata. See Katydid, fork-tailed. 
Seed corn, selection, school studies, outline and suggestions..-...... 
Seeding— 

oats, rate tests, experiments at Williston, N. Dak..-........... 
CLLE VLSI TL). ee Ee ey 

Semiarid land, crop production in the Great Plains area, experiments. 
Sesia novarensis. See Pitch moth, Douglas fir. 
ee aed grain leafhopper, bulletin by Edmund H. Gibson.... 
oneep— 

gid disease, cause, symptoms, and preventive measures......-.- 
measles, nature, cause, and prevalence......-...........---.-- 

SHERMAN, WELLS, A.— 
J. H. Cormns and J. W. Fisuer, Jr., bulletin on ‘‘ Methods of 
eee distribution of fruits and vegetables on large mar- 
BIS” «= SREB OAC OBESE CADE OMEN St: ct Mena taeda stat ane 

J. W. Fisuer, Jr., and J. H. Couns, bulletin on ‘Outlets 
and methods of sale for shippers of fruits and vegetables” 

EID CUDICSS, AC VANTACCS. «2. 22-22-25 senses saccie dees cree ness 
Shippers— 

fruit and vegetable, outlets and methods of sale, bulletin by 
J. W. Fisher, jr., i De Collins, and Wells A. Sherman...... 

fruit and vegetable, requirements and PIaCtCes ee es ccyeyitele ce 
SEMI ERICEEIOS DTACTICOS. «1: 2 2 oiss boo o's - - Sutin ds a= ele bnsmms ye Saves 
Srecter, E. H.,and F. L. Smranrton, bulletin on “‘ Life history of 
Pe COC LMM OtN I Mame? syed a eras coisa aeaele ure vsepe ae ee orays ysiaraee 

ETE ODM CRSOUE OUT Cts orseearet- --2eetad p-co sid «2m idm broletwiels =e 
Simanton, F. L. , and E. H. Steamer, bulletin on ‘‘ Life history of 

_ the codling m moth 3 in Maine” SRE ee SEE MEANY At ATR SAR A 

Soil, school lessons, outline and suggestions..................-.-.-- 

BREE ATOMS, BWSMID ALCHiny « 90:4 drarelaevt~ «1b aiuie een yduiness oe breton 
Southern cypress— 

bulletin by Wilbur R. Mattoon............-..2-.-c008- abhie « 
See also Cypress. 

Sow, management with pigs, school lessons, outline and suggestions. . 
Spotted fever, transmission by dogs, caution...........-+eeeeee0e- 



} 

12 DEPARTMENT OF AGRICULTURE BULS. 251—275, © 

Bulle- 
tin No. 

Spraying— 
apple trees, for codling mothe. 5%. 2. 2ees ee eeere rene nares sae 252 
cranberries, for root wort see eke vee a eps eed Nereh nine a Dae 263 
sipsy moth, effect, on-calosoma;beetle--22_---2etL eee els t eee 251 

Sprays— i 
Use) aeainst) cranberry LOOtWOrM:./)5 2a he sere tse se ee 263 
use against katydids in orange groves.-.......--2222-22 05222220 256 

Spring wheat. See Wheat, spring. 
Srepman, J. M., bulletin on “‘ Farmers’ institute work in the United 

States in 1914, and notes on agricultural extension work in foreign 
COMMETICS ie | We ee a oe ee hi ore a pan ae, a NP 269 

Strawberries, growing, school lessons, outline............-...------ 258 
Stubble, grain, effect of plowing at different times in eastern Colo- 

radoo alle timely, O; oeGraces: 5... 02. Seles ane tee eras oper sta eae 253 
Stumpage, cypress, values, holdings, etc........--..------+---.-. 272 
Swamp— 

areas, cypress-producing region, by States.........-..-..... 272 

lands, cypress, growth and production..............-..------ 272 

Swamps— 

EYPLEss PLOGUCHIOM bale ie cee eeperiie le a/-Vald oppateie Blo deten ie 272 

reclamation for cypress forests, cost and value.......--......-- 272 
Sweet potatoes, growing, school lessons, outline and suggestions..... 258 

Tenia cenurus, development in dog, note........-.-....--------- 260 
Tenia krabberoceurrence 1m reid eer: eee. asses sei oes ee ee 260 
Tapeworm, double-pored, life history and danger to man........... 260 
‘Tapeworms— ; 

development am dog tives 2 hah 6s eis ai ale a ne On aa 260 
Spreadiby-dosras carries: Salvi 2 AURA Se Eins Tel SOs E78 IRE ot 260 

Taxodium distichum. See Cypress, southern. 
Tennessee, road preservation and dust prevention, experiments, 

DHORTESS NE PONLS apes ice en a ee a Cea cae eee De RT ea 257 
‘Merracing: sehoollessons; outlines: 20: oowie. eu ee eee 258 
Hee mollipes. See Grain leafhopper, sharp-headed. 
exas— 

fever, tick, arsenical dipping baths for eradication, changes in 
degreeoi oxidation of arsenie.studiese 2 2 2a ee 259 

SWAT areas ses a= Airs NAN ay 3 eel al + aes y Une a g ae en an 272 
Tick, cattle, arsenical dipping baths for eradication, changes in 

desree on oxadatron) OlarsemiGh seo ene See haps een ian ME aa 259 
Maieks dO gsasshOste ke Se Nays me BS) le ia ee sce Ni CR OR EO 260 
Millace practices in Great, Rlainsarea = 2288522252. 22 eee ee 268 
Timber— 

Thayjlubeyy WOT ited NRaNNAKeS, INCHES 44 4nubobo ooo doboKUsooUs obese 255 
injury tom) windshakes,notesss.. .4ar. yo nae eee ale 255 
jlosistes taro inbuaven ChISOUISENOIN. 5 Socageeoocbonoossedouloselesese 275 
southern cypress, supply and annual cut........-.....-------- 272 

Tongueworm, infestation of farm animals, transmission by dog, etc.. 260 
Toxascaris limbata, description, life history, transmission by dogs... 260 
Trade terms, marketing farm products, glossary..........---------- 266 
Trametes pint, damage to pine forests, discussion...........-------- 275 

Vegetables— 
auction sales at large markets, advantages and objections...... 267 
distribution channels, relation of routes, etc................... 267 
handlinethoroughvlarce manketse.: | aay ee ene rey ee 267 
losses in marketing at large markets....................-...-- 267 
marketing, car lots, receiving at market, rejection, etc.......... 267 
sale, outlets and methods for shippers, etc., bulletin by J. W. 

Fisher, jr., J. H. Collins, and Wells A. Sherman............ 266 
shipments, to large markets, terminal distribution and sales.... 267 
wholesale distribution on large markets, etc.............-..--- 267 

Vespamima sequoia, infestation of Douglas fir, notes................. 255 



INDEX. 

Violet rove-beetle— 
Foeuetiniy Pt Onitbenden averse foe Oa eee 
comparison with paver CHE a IA ce Pees URN Al pean AC et 
aceeeipiion and character of mju4ry: |... 2.6.5 ses 
occurrence, feeding habits, and remedies...................--- 

Violets, injury from rove-beetle, nature and treatment............. 
|S SLIEDA,. Sr EUTE) TG Be Rae ae 
Viscera, diseased, of slaughtered animals, disposal.................- 

Washington, Puyallup Valley, red raspberry industry and shipment. 
Weeds, school lessons, outline and suggestions.....................- 
Wheat— 

Mme srenmeroup. characteristics. 2k... ee 
durum, introduction, and characteristics of different varieties. . 
Fife group, characteristics of different varieties................. 
growing at Williston substation, North Dakota, experiments. - 
growing experiments, nursery tests. ..........--..---...--00-- 
Preston group, characteristics of different varieties............ 

spring— | St 
growing at Williston substation, North Dakota, experiments. 
yield and growth of different varieties, experiments at 

WithhistonNoribeD ako tase se Joeman ON AVEO na 
yields and cost of production by different cultural methods, 
| PERG TEL IS) RS a ae am eS NR 

yields from fall-plowed and spring-plowed stubble in eastern 
DU STEAYS GO ep TU LATO OI Oe 

Williston substation, North Dakota, establishmentand directors, note. 
Mendehakes injury to Douglas fir; mote... 2... lye. oes i lke es 
Winter wheat. See Wheat. 
Wood, manufacturing industries, use of cypress lumber...........-. 

@) 



> inet oben 
SL eA ae ntuteden x 

i aia 5 “elias 

sive ot Ey oe otter din is aa 
bie uines nie ee 6 

CLE ENS a0! 6 
; Balas Lsktto 

Sait ans 





Bul. 251, U.S. Dept. of Agriculture. PLATE |. 

Tpveqens pias . 

THE CALOSOMA BEETLE (CALOSOMA SYCOPHANTA). 

Upper left, eggs; lower left, adult beetle feeding on gipsy moth caterpillar; upper right, gipsy 
moth pupe destroyed by Calosoma larvee; center, Calosoma larva, ventral view; right center 
Calosoris rue dorsal view; lower right, Calosoma pupa in cavity in ground. (From Howard 
and Fiske. 
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INTRODUCTION. 

In the spring of 1905 an arrangement was made by the United 
States Department of Agriculture to cooperate with the State of 
Massachusetts in importing and establishing the natural enemies of 
the gipsy moth and the brown-tail moth. Dr. L. O. Howard, Chief 
of the Bureau of Entomology, supervised the work, and until Decem- 
ber 1, 1911, this arrangement remained in force, the project being 

financed jointly by the Bureau of Entomology and the State of 
Massachusetts. Since 1912, owing to the fact that the scope of the 
work involved nearly all of the New England States, these projects 

have been carried on solely by the Bureau of Entomology 

One of the natural enemies of the gipsy moth, which has long 
been known in Europe as of prime importance, is a green beetle be- 

Noté.—The writers wish to acknowledge their obligation to the members of the staff 

at the Gipsy Moth Laboratory for securing data and carrying on many of the experiments 

which are only briefly alluded to in this publication. There is hardly a man who has been 

connected with the laboratory for the past seven years who has not assisted to a greater 

or less extent in obtaining information and securing some of the results already men 

tioned. So many have assisted in this work that it is impossible to name each individual, 

but the writers wish to express their appreciation to all those who have taken part in the 

work, 

95012 Bull. 251—-15———-1 
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longing to the family Carabidee, and known to science as Calosoma 

sycophanta L. (Pl. 1.) This species was collected and shipped to 
Massachusetts, as a result of arrangements made by Dr. Howard 
with numerous European collectors of insects, more particularly 
with Miss Marie Riihl, of Zurich, Switzerland. Several other closely 
related species of Calosoma were collected and some of these were 
received in sufficient numbers to permit of colonies being liberated 
in woodland infested with the gipsy moth. Several species of the 
allied genus Carabus were obtained and similarly liberated. 
Up to the present time the only species that is known to have 

maintained itself is Calosoma sycophanta, and this insect has in- 
creased so enormously as to become an effective enemy of the gipsy 
moth in this country. 

Table I gives the number of live specimens of Calosoma syco- 
phanta which have been imported from Europe. Sixty-seven per 
cent of these beetles were liberated in the field and the balance 
were used for experimental and reproduction work. All the bene- 

ficial results secured in the field have accrued from about 4,000 
beetles noted in the table. 

TABLE I.—Numober of living specimens of Calosoma sycophanta received from 
Hurope. 

+ | Number Number 
Year. | received. | Year. received. 

si | =| 

1905.5. a SS eee eh eek ene 1|| 1909... : eee Le ene 405 
190Gs 3h se eee ee eect 693. ||| VOLO. 3.23585 Oe eee 1,305 
NGO 7 eae rane ee SCE Dee ear ae 967 ———_ 
DOQQ 8 2h ee epee ee eee Sinereye ae ee a a ch 675 Totalices: 258s ee ee 4,046 

METHODS OF PACKING BEETLES FOR SHIPMENT. 

Different plans covering the packing of these beetles for shipment 
were tested during the years above mentioned. The most satisfactory 
arrangement was to pack the beetles singly in small. safety-match 
boxes which contained a quantity of wet sphagnum moss. These 
boxes were packed in a larger wooden box (fig. 1), the usual size 
being 7} by 4 by 24 inches. A shipping label was glued to the 
box. Material packed in this manner was shipped by mail and re- 
ceived in good condition. Experience has shown that the greatest 
cause of mortality in shipping these beetles is due to lack of moisture. 
When sufficient moisture is provided no difficulty is experienced, and 
it is not necessary to place food of any kind in the boxes. As a rule, 
these shipments were en route from 10 to 12 days. In case beetles are 
to be forwarded and will not be in transit more than 2 days, several 

can be placed in a box and shipped by ordinary mail with very little 
injury resulting. 
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NATIVE HOME OF CALOSOMA SYCOPHANTA AND HOSTS 
ATTACKED. 

This insect is known to occur in France, Germany, Switzerland, 
Italy, and other European countries, being particularly abundant in 

cases where there are unusual outbreaks of destructive caterpillars. 
Its good work is mentioned in a number of European writings, 
and it is known to prey extensively on the gipsy moth (Porthetria 
dispar .) and the pine sawfly (Lophyrus pini L.). As early as 
1736 Reaumur published a general account of the hfe history of 
the species, and valuable information has been published by M. G. 
de la Pouge concerning his investigations of the larve of this insect. 

¥ic. 1.—Shipping box, with cover removed to show method of packing Calosoma beetles. 

Each match box contains a single beetle and a small quantity of wet sphagnum moss. 

(From Burgess.) 

INVESTIGATIONAL WORK ON CALOSOMA SYCOPHANTA. 

The year 1906 was the first in which these beetles were received in 
large enough numbers that colonies might be liberated or a study 
made of their habits. During that year considerable work was 
carried on by Mr. E. 8S. G. Titus and Mr. F. H. Mosher, and notes and 
observations on the behavior of the species in large breeding cages 
were made by Mr R. L. Webster. During the following summer 

the work was placed in charge of the senior author, and since that 
time detailed experiments have been conducted. Mr. C. W. Collins 

has assisted with this work during the entire period and for the 
past two or three years has planned and executed many of the 

experiments. | 
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EQUIPMENT USED FOR REARING PREDACEOUS BEETLES. 

Experiments have shown that Calosoma beetles, in common with 

most other insects, thrive when they are kept under natural condi- 
tions. Fair success may be secured through rearing experiments 

in a laboratory, but as the beetles are most active, both concerning 

feeding and reproduction, during hot weather, and as it is important 
to regulate the soil moisture if best results are to be secured, it has 
been found decidedly advantageous to use an outdoor insectary for - 
work of this description. An insectary such as is in use at the Gipsy 
Moth Laboratory, Melrose Highlands, Mass. (PI. II), is inexpensive 
and will last a number of years. We have used a cement foundation 
on which was erected a frame constructed of 2 by 4 studding. The 
exterior walls have been covered with fine-mesh wire netting and 
the roof is canvas. A coating of white lead applied to the canvas 

will make it last longer, and if the netting walls are painted annually 
with black screen paint to prevent corrosion, they will not need to be 

renewed for two or three years. Copper-wire netting can be substi- 

tuted for the walls and does not require paint. The insectary is pro- 
vided with outside canvas curtains which may be rolled up in order 
to regulate the amount of sunlight or. keep out rain; awnings could 

be used for this purpose if desired. Shelves, benches, or tables may 
be added as necessary. A building of this description fairly approxi- 
mates outdoor conditions and has given very satisfactory service. 
(PET) 

Beetles of this genus deposit their eggs in the ground. They also 

conceal themselves for a part of the time beneath litter or rubbish. 
The best results with sycophanta have been secured by using battery 
jars 84 inches tall and 64 inches in diameter (fig. 2), but a size slightly 
smaller will give as satisfactory results. Circular wooden tops are used 
to cover these jars, which are grooved to hold the top in place. A round 

hole, allowing air to pass into the jar, is cut in the center of the 
circular wooden top and is covered with wire netting. As sycophanta 
is a climbing species, but is unable to make its way up the smooth — 

sides of the jars, a narrow strip of mosquito wire is attached to the 
inside of the top, so that it extends into the jar and gives the beetle 
an opportunity to climb to the top in search of caterpillars that are 
placed in the jar for food. About 3 inches of loam should be placed 

in each jar, and they are then ready for use 
For rearing small larve of this species jelly Sanbien containing 

earth and covered with cheesecloth can be used. The insects in this 

stage are cannibalistic, and it is therefore necessary to keep each 
larva in a separate jar if exact records are desired. Caterpillars or 
pupe of almost any insect can be furnished for food and the soil 
must be kept slightly moist, but not wet. These larve can be reared 
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INTERIOR VIEW OF INSECTARY “-B,” SHOWN IN PLATE il. (FROM BURGESS.) 
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THE CALOSOMA BEETLE IN NEW ENGLAND. 5 

in wire cages if desired. The bottoms should be made of a circular 

piece of board 4 inches in diameter, having a hole in the center 

covered with netting. To the circumference of this base is tacked a 

strip of wire netting 10 inches in width. It should be cut long enough 
to lap at the side, so that it can be sewed with wire. The selvage 
edge of the wire netting should be used for the top of the cage and 
eare should be taken that the circumference at the top and the bottom 
are the same. <A cover similar to the ones used on the glass jars may 
then be placed on the top of the cage. These cages should be set 8 
inches in the ground. After the larvee become full grown they de- 
scend into the ground and form their pupal chambers. Cages of this 

Pic, 2.—Jars for rearing Calosoma beetles: a, Large jar with wooden top and “ ladder” ; 

b, small jar with wooden top; ¢, showing construction of top and “ ladder’; d, jar with 

cheesecloth top held in position with rubber band. (From Burgess.) 

sort should not be disturbed until the following spring. For hiber- 
nating quarters for beetles, boxes with bottoms made of wire screen 
‘an be used (Pl. IV). They should be sunk into the ground from 
15 to 20 inches, the earth inside the box being the same level as that 
on the outside. A hinged cover provided with wire netting should 
be placed on the top of the box and if convenient this cover should be 

padlocked so that the contents of the box will not be disturbed. 

Beetles may be placed in hibernation in cylinders (fig. 3) made of 

galvanized iron wire having a }-inch mesh. These can be constructed 
in the same manner as the small cylinders already mentioned. If 
larvee are to be placed in these cylinders it will be necessary to line 
them with fine wire screen in order to prevent their escape. This 
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equipment has been selected as a result of many experiments and has 
been found to work very satisfactorily. 

METHODS OF REARING CALOSOMA BEETLE. 

The most satisfactory manner of rearing these insects, in case it 
is desired to secure definite records of the number of eggs laid by a 
single individual or the amount of food consumed, is to place a pair 

Via. 3.—Wire hibernation cage that has been removed from the earth. Arrow shows the 

cavity where a Calosoma beetle hibernated; enlargement shows this beetle in the cage. 

(From Burgess.) 

of beetles in one of the larger glass jars with a supply of caterpillars 
for food. The jars should be cleaned daily and all wounded or dead 
caterpillars removed. If this is not done, considerable difficulty is 
likely to be experienced. The earth should be examined daily, and if 
eggs are found the beetles should be transferred to a fresh jar and 
the original one kept, so that a record can be made of the larve that 

hatch. The number of larve that hatch is taken as an index of the 

number of eggs deposited, since it is impracticable to remove the 

eggs from the earth to make an accurate count, as they are easily 
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injured in handling. Records of the time spent in the different 
larval stages or the amount of food consumed may be secured by 
feeding the newly hatched larve in individual jelly glasses, as has 
already been described. When the larvee become nearly full-grown 
they should be transferred to a larger jar, and it is better to place 
them in a wire cage sunk in the ground, so that they may have an 
opportunity to pupate in the soil without being disturbed. 

These methods of rearing beetles were followed out, and in the 
spring and summer of 1908 and 1909 nearly 15,000 larvee were reared 
and colonized in the field. Since that time it has been possible to 
collect both beetles and larvee in the field, and the laboratory rearings 
for colonization have been discontinued. 3 

LIFE HISTORY OF CALOSOMA SYCOPHANTA. 

Contrary to general belief, the adults of this species live two or 
three years and sometimes four. This information has been secured 
by careful study of the habits of the insect carried out over a long 
period. 

THE EGG (PL. 1). 

The egg is about 5.2 mm. long and 2.4 mm. wide, elliptical, taper- 

ing somewhat toward one end. It is white, with a faint yellow- 
ish tinge. ‘The eggs are deposited in the ground by the females and 
hatch in from 3 to 10 days, depending upon the temperature. Careful 
experiments show that the time spent in the egg stage averages about 
5.2 days in June and 4.4 days in July. Experiments have been tried 
to see whether or not hatching could be retarded by placing eggs in 
cold storage. In cases where they were exposed to freezing tempera- 

tures they shriveled and no hatching resulted. 

THE LARVA (PL. I). 

The larve on hatching are nearly white. They remain in the 
cavity occupied by the egg and gradually grow darker until they 
become jet black. They then make their way to the surface of the 

ground and begin searching for food. They attack caterpillars or 
pup with little regard to the size, cut through the body wall of 

their prey with their sharp mandibles, and feed on the liquids and 
soft tissues within. They molt twice before becoming full grown. 
These larvee climb trees that are provided with rough bark and search 
for caterpillars or pup concealed in crevices. Molting frequently 

takes place on the tree trunk, so that the cast skins of the larve 
are frequently found on trees where they have been feeding. The 
full-grown larve average about 25.8 mm. in length and 5.7 mm. in 

width. The body is shining black, while the mandibles, legs, mouth- 

parts, antenne, and lateral and ventral abdominal markings are 
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dark brown; the dorsum of the last abdominal segment is chestnut- 
brown. The two caudal appendages forming a part of the last 

abdominal segment are short and quite erect, and are provided with 

a large, stout, dorsal tooth and a smaller lateral tooth, both of which 
bear spines. Length of time in the larval stage varies with the tem- 
perature and food supply. The following record of 12 larve which 
hatched June 20, 1908, shows the time spent in active feeding: 

g Days 

UY SE Dea re Ve SHEA Cet ta al rare eet PO By pee ess 

Seconds Var: vel 1S teen eee ei ee a pep Le 3 

Third (anvall Us tae eles ewe ee ee ea 2) REA aries EA Fe, paren) 

DO ted oe a DEO epee td SS ee eee 

The weather during this period was warm and the food supply 
was ample. The time when larve are found in the field is governed 
largely by weather conditions in the spring, but ranges from June 

25 to the middle of August. | 

DISTANCE TRAVELED BY LARVA. 

As has already been stated, the larvee of the species are capable of 
climbing trees, and this makes it possible for them to feed on cater- 

pillars or pupe that may be present on the trunks or large branches. 
In some cases molted skins of the larvee have been found in large 
trees at a height of 50 feet above the ground. 
An experiment was carried on in 1910 to determine the distance 

that a newly hatched larva would travel if no food was supplied. 

The experiment started at 8.30 a. m., July 13, and continued unin- 

terruptedly for 72 hours. Apparatus was constructed to measure ac- 
curately the distance traveled by this individual, which totaled 9,058 
feet, or 1.78 miles. The weather was very hot during the time the 

experiment was carried on, and neither moisture nor food was sup- 

plied. 
FEEDING HABITS OF LARVA. 

The larve feed both by day and by might, and are more active 
when the weather is hot. As a rule, caterpillars are attacked from 
the side or from beneath, and if the specimens are hairy the favored 
place seems to be between the segments, where the larve can more 

readily pierce the integument with their sharp mandibles. Newly 
hatched sycophanta larvee are able successfully to combat practically 

all caterpillars, regardless of size. Many specimens are injured to 

such an extent that they evidently die, and thus more caterpillars are 

prevented from transforming than are actually eaten. The pupz 
of lepidopterons, especially those that are not provided with a 
cocoon, are particularly susceptible to attack by the Calosoma larvee. 
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R LARVA OF CALOSOMA SYCOPHANTA FEEDING ON GIPSY MOTH CATERPILLARS UNDE 

BURLAP. 

) 1910. (From Burgess Malden, Mass., 2 
Photograph taken at Pine Bank Park 
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The lerve usually cut a hole between the segments of the pupe 
(Pl. V), and after feeding begins the hole is gradually enlarged 
until the front portion of the body finds entrance to the pupa. The 
internal contents in most cases is completely devoured before the 
larva leaves the pupa to search for other food. The holes are always 

irregular in outline and can be easily distinguished from the exit 
holes of parasites. Gipsy-moth pupe massed on the trunks of trees, 
underneath branches, or below burlap bands (PI. VI) are favored 
locations as feeding grounds for Calosoma larve. In many towns 
in the infested gipsy-moth district one or more Calosoma larve can 
usually be found in each mass of gipsy-moth pup examined. These 
predaceous larvee occasionally attack female moths, and several cases 
have been noted where the latter have been killed before they had an 
opportunity to deposit eggs. 
Sycophanta larve feed freely on any lepidopterous larve or pup 

which they may find. A considerable number of cases have been 
noted where the larve have cut through the cocoons of the American 
tent caterpillar (Malacosoma americana Fab.) and forest tent cater- 

pillar (Malacosoma disstria Hiibw.) and have destroyed the pupe 
within. 

The life history of the Calosoma beetle is well adapted to that of 
the gipsy moth. The beetles are present and active during the time 
of year when gipsy-moth caterpillars are abundant and the larve are 
active and feeding while the gipsy moth is still in the pupal stage. 
No other common lepidopterous species which occurs in New Eng- 
land is so well adapted as a host of this beetle as the gipsy moth, 
and although large numbers of other caterpillars and pupe are de- 
stroyed annually, the increase of the beetle is not as satisfactory in | 
regions where the gipsy moth is not available for food. 

In the summer of 1908 several series of experiments were con- 
ducted to determine the number of sixth-stage gipsy-moth cater- 
pillars destroyed by the larvee of C. sycophanta. It was found that 
on the average a single larva of this beetle would kill 41 full-grown 

caterpillars between the time of hatching and pupation. If smaller 
larve were attacked,a greater number would, of course, be destroyed. 
It is safe to say that 50 or more caterpillars would be necessary to 
satisfy the appetite of a Calosoma larva under field conditions. Most 
of the sycophanta \arvee hatch at a time when more gipsy-moth pup 

than caterpillars are available for food. Experiments show that on 
the average about 13 female pup are destroyed by each larva when 
fed in captivity. Observations in the field and jar experiments both 
indicate that a greater percentage of females than males is destroyed 

by the Calosoma larvae, the average ratio being 75 per cent females 
to 50 per cent males. 

93012°—Bull. 251—15——2 
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EFFECT OF ‘‘ WILT” ON CALOSOMA LARV2E. 

In the area infested by the gipsy moth a disease known as “ wilt ” 
is quite prevalent among caterpillars. A number of experiments 
have been conducted to determine whether sycophanta larve, 1f they 
were obliged to feed on caterpillars affected by this disease, would 
contract it and die. The experiments were conducted in 1910 and 
sycophanta larve were fed on diseased caterpillars in breeding jars. 
The results showed that the larvee of this beetle suffer little if any 
from wilt. A few died, but no greater number than was the case in 
check experiments where healthy food was supplied. Only a single 
case has been noted in the field where Calosoma larve had appar- 
ently died from wilt, and as the specimens were not examined micro- 
scopically, death may not have been due to this cause. Beetle larvee 
are so commonly found in masses of gipsy-moth pupe and cater- 
pillars which are dead or dying from wilt that if the beetle larve 
were susceptible to it, large numbers of dead specimens would be 
found. 

EFFECT OF SPRAYING ON CALOSOMA LARVA. 

The question has been repeatedly asked whether or not the spraying 
of infested areas would result in destroying the beetles or their larve 

on account of the belief that many of them would feed on poisoned 
caterpillars. Laboratory experiments, where caterpillars were taken 

from sprayed trees and used as food for beetle larvee, show that the 
death rate was no greater than normal, while observations in the field 
have failed to reveal any case where the beetles or larve fed upon 
dead caterpillars or those in a dying condition from feeding on poi- 

- soned foliage. Apparently the beetles migrate in the field to locations 
where food is abundant. If eggs have been deposited in sprayed areas 
so that larve are abundant, little doubt remains that some of them 

may fail to secure food and die from starvation. No direct evidence is 
available to indicate that either the beetle or the larva is killed as a 

result of spraying, and we have always recommended that spraying 
should not be discontinued in cases of gross infestation in order to 
protect the beetles. The enormous increase of Calosoma seems to 
indicate that a discontinuance of spraying 1s not necessary. 

STARVATION EXPERIMENTS WITH CALOSOMA LARV-E. 

Inasmuch as the ability of Calosoma larvee to develop depends upon 
whether sufficient food can be found, a series of experiments was 
carried on in 1908 to determine how long they would survive in the 
different stages if no food was supplied. The larve were placed in 
jars containing a small amount of earth and no food was furnished. 
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The results showed that first-stage larve would live 3.56 days, second 
stage 6 to 9 days, and third stage 8 to 16 days before dying from 
starvation. This information, together with data secured on the 
distance which first-stage larvee can crawl, indicates that the species 
is able to withstand adverse conditions and still survive. 

PUPATION OF CALOSOMA LARVAE. 

Several attempts have been made to induce the larve to hibernate 
during the winter. A number of lots were placed in cold storage 
and several other experiments were conducted by placing the larve 

in jars of earth in a cold cellar. In every case, however, either the 

larve had transformed to pupz, which had died, or to adults, when 
the jars were examined in the spring. After becoming full grown the 
larvee entered the ground, formed a chamber, and entered the pupal 
stage. The depth to which the larvee descend depends upon the con- 
dition of the soil. Occasionally pupe of this bettle are found beneath 
boards or rocks, but in many cases they descend from 6 to 10 inches 

in loose soil before making the pupal chamber. In any event, pupa- 
tion takes place above the frost line. After burrowing into the 
ground and forming a pupal chamber the body of the larva shortens, 

and after resting it transforms to pupa. The period from the time 
the larva stops feeding until pupation occurs averages about 10 days. 

THE PUPA (PL. I). 

The pupa of Calosoma sycophanta is pale yellow, about 25 mm. 

long and 12 mm. in width at the first abdominal segment. The 
mouthparts, antenne, wings, and legs are folded beneath the head, 
the hind legs extending to the tip of the abdomen and the wings 
extending beyond the fourth abdominal segment. 
Many experiments have been conducted in removing pup of this 

species from the cavities in which they pupated, but in most cases it 
is impossible to do this without causing injury and preventing nor- 
mal emergence of the adult. In rearing this beetle care should be 
taken not to disturb the larva after it begins to form its pupal cham- 
ber, otherwise either a poor emergence of beetles or a considerable 

number of crippled specimens is likely to result. If definite records 
are desired regarding individual specimens, the larvee should be al- 

lowed to pupate in wire cages in the ground. In ease it is desired to 

rear through a large number of specimens without reference to defi- 

nite records, a large number of larvee can be placed periodically in 
one of the box cages previously mentioned. The time spent in the 
pupal stage averages about 13 days, and after the adults emerge 

they remain in the cavity which held the pup throughout the winter 
and do not ordinarily come to the surface of the ground until June 1 
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of the following spring. Many experiments have been tried in an 
attempt to force early emergence and with an idea of breeding this 
species during the winter in the laboratory, in order to increase the 
supply for liberation in the field. Efforts along this line have been 
futile. The species seems to have a well-fixed habit of winter hiber- 
nation, and apparently requires a long resting period. It is difficult 
to secure proper food for beetles that may be taken from hiberation 
during the winter, but, even if this could be obtained, no satisfactory 
way has been found to increase the number of broods annually. 

THE ADULT OR BEETLE. 

As has been previously stated, the beetles emerge about the first 
of June. The exact time varies shghtly from year to year, depend- 
ing upon the weather conditions. Beetle larve that transformed to 
pup and remained as beetles in the pupal cavities during the winter 
emerge at this time as well as other beetles that developed from 
larve in previous years. In July after the adults have finished 
feeding they burrow into the ground and form a cavity in which 
they remain the next winter. The distance beneath the surface 
varies greatly and depends to some extent on the looseness of the 
soil which they enter. They seldom go below the frost line, and, 
this being the case, the earth around them is usually frozen solid 
during the winter. The males and females enter hibernation about 
the same time, but the former usually emerge a day or two earlier 
in the spring. A few cases are on record where beetles have re- 
mained dormant in the ground continuously for nearly two years. 

In one instance a pair of beetles entered hibernation on July 28, 
1910, and did not emerge from the ground until June, 1912. Sey- 

eral cases of this sort have been found as a result of careful notes 
from breeding experiments kept at the laboratory. In every case 
where this has occurred the beetles concerned were more than a year 
old. In no case have beetles failed to emerge the spring following 
their development from the larve. In connection with the hiberna- 

tion of this species, it should be said that the beetles habitually live 
in that stage more than one year. As a rule they live for two years 
and several records indicate that it is not uncommon for them to 
remain in the beetle stage for three years. A record of one experi- 
ment shows that several females lived more than four years. Records 
kept at the laboratory indicate that the percentage of mortality 
during hibernation is rather high. It should be remembered that 
these beetles were placed in hibernating cages in the laboratory yard, 
and although here natural conditions are approximated as nearly as is 
possible, the location was not quite as suitable as if the insects had 
had an opportunity to make their own selection. In our experiments 
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the mortality of beetles during the winter runs from 22 to 35 per 
cent, first-year beetles showing the lowest death rate. 
A large number of experiments were carried on in the spring of 

1908 to determine whether it would be possible to induce this species 
to develop more than one brood in a single year. Beetles were re- 
moved from hibernation on March 4 and were fed in jars at the 
laboratory. Difficulty was experienced in securing a sufficient food 
supply, but the beetles did not feed at all freely and were rather 
inactive in the jars. Eggs were deposited a little earlier in the season 
than was the case when the species emerged normally, but the larve 

grew very slowly and did not develop much earlier than those which 
resulted from beetles that emerged early in June. The experiment 
indicated very conclusively that it was not possible to force this 

species and that the habit of developing a single generation a year 
is firmly fixed. 

FEEDING HABITS OF ADULTS. 

The beetles climb trees readily and travel out on the branches and 
sometimes cling to the leaves while searching for caterpillars. If 
disturbed they usually fall to the ground and immediately seek shelter 
underneath leaves or rubbish. The beetles usually seize the cater- 
pillars in the middle of the back and cut through the body wail with 
their sharp mandibles. They feed upon the liquids and fatty mate- 
rial which form the body content of the caterpillar and usually injure 
many more than they actually devour. The average length of time 
during which the beetles feed is from about June 1 to July 15. From 
records secured in 1910 the shortest period of feeding was 32 days 
and the longest 66 days, with an average of 50 days. These records 
were secured from beetles kept in captivity. It will be noted that the 

time when the beetles are feeding corresponds roughly with the time 
when the gipsy moth is in the larval stage. This makes this beetle 
particularly adapted for feeding on the gipsy moth, and a further ad- 
vantage results from the fact that the larve of Calosoma sycophanta 
are most active during the time the gipsy moth is in the pupal stage. 
The food of the adults is very similar to that of the larvee; both are 
frequently found in the field feeding upon larvee and pupe of native 

Lepidoptera. ‘ 
It is difficult to determine the number of caterpillars which are 

destroyed by a single beetle. This can only be done by feeding the 
beetles in captivity; and under these conditions they evidently do not 

destroy as many caterpillars as they would if they were living in the 
open. Experiments which have been conducted, using full-grown 

tent caterpillars and gipsy-moth caterpillars, showed that the average 
number of caterpillars destroyed by an old beetle was 328 and by 
young beetles 239. The young beetles—that is, those that are feeding 
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for the first year—do not eat nearly as many caterpillars as beetles 

that are older. On the other hand, the younger beetles seldom deposit 
eggs, while the older ones are very prolific. 

Experiments conducted with small brown-tail moth caterpillars 
indicate that a much larger number of this species was destroyed. 
This is undoubtedly due to the small size of the caterpillars, and 

similar results would probably be secured if small Bust cater- 
pillars were used for food. 

In some of the laboratory experiments beef was offered to the 
beetles for food. They fed upon it to some extent for a short time, 
but after a week they refused to eat. Apparently they do not care - 
for this substance if caterpillars are available. 

EXPERIMENTS IN FEEDING BEETLES ON CATERPILLARS INFECTED BY WILT. 

Several experiments have been conducted in feeding sycophanta 
beetles upon gipsy-moth caterpillars infected with the bacterial dis- 
ease known as “wilt.” Experiments were started in July, 1907, 
a single pair of beetles being fed from July 23 to August 14 with 
caterpillars which showed pronounced symptoms of the disease. 
Twenty-one larvee were eaten, three were so badly injured that they 
died, and the remaining larve supplied to the beetles in the jar died 
from disease. These beetles ate slightly less than another pair that 
were fed on healthy caterpillars. Both pairs entered hibernation and 
those that were furnished diseased caterpillars showed no ill effects. 
Several similar experiments have been conducted since that time, 

and the results indicate that these beetles are not susceptible to the 

“wilt.” Each year large numbers of gipsy-moth caterpillars die 
from the disease in jars where Calosoma beetles are confined for 
experiments, and if it was seriously destructive to the beetles or their 
larvee the fact would have been determined by heavy mortality among 
them. 

EFFECT OF SPRAYING ON BEETLES. 

Several attempts have been made to determine whether Calosoma 
beetles are injured or killed by feeding on gipsy-moth caterpillars 
taken from sprayed trees. In 1910 a small area of brush growth near 
the laboratory was sprayed with arsenate of lead, and gipsy-moth 
caterpillars collected from time to time were furnished the beetles 

for food. Check experiments were also run in unsprayed areas. The 

experiment failed to show that any of the beetles were injured by 
feeding on caterpillars taken from sprayed foliage. Several col- 
onies of beetles have been liberated in woodland that has been 

heavily sprayed, and not infrequently beetles are found on street or 

park trees which have been sprayed with arsenate of lead. Dead 
beetles or their larve are found very rarely, and thus it is evident 
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that no wholesale injury to the species is caused by their feeding on 
poisoned caterpillars. 

STARVATION EXPERIMENTS, 

In 1910 experiments were conducted to determine the length of 
time that these beetles could survive without food. For this purpose 
two pairs of young beetles and two pairs of old beetles were placed 
in jars of earth in one of the cages in the laboratory yard. The 
results of the experiment are shown in Table IT: 

TABLE I1.—Starvation experiment to determine the length of time adult 
Calosoma sycophanta can live without food. 

Date 
emerged Date Length of time Date Length of time 

Calosoma sycophanta. from male male lived with- | female female lived 
- | hiberna-| died. out food. died. without food. 

tion. 

1910. 1910. 1910. 
OPTED VEST a Pa ep ee ee May 26] June 26 | 1 month.........- July 9 | 1 month 13 days. 

RE ene) Se eS enie cei ok oe Bee COseeee June 29 | 1 month 3 days-....| July 5 | 1 month 9 days. 
CULT gee tO July 17 | 1 month 21 days...| June 26 | 1 month. 

WOES oritgsis 2s s- SS ace GOs sen June 30 | 1 month 4 days.... (1) I month 21 days.! 

1 This female, after living without food for 1 month and 21 days, was offered several full-grown gipsy-moth 
caterpillars July 17 and ate two in 10 minutes. The next day a male was added and copulation was 
attempted several times, but without satisfactory results. The female died July 30 without depositing 
eggs. During the 12 days the pair were in the jar 33 sixth-stage gipsy-moth caterpillars were eaten. 

This experiment shows that beetles of this species can live during 
the summer for a month or more without food. Old beetles appear 
to withstand starvation better than young beetles, and males die 

sooner than females. In 1907 a field colony of beetles was liberated 
in order to test their ability to survive where the food supply was 
very limited. Fifty specimens, 25 of each sex, were liberated in 
woodland at Peabody, Mass., August 28. The beetles were received 
from Europe early in the month and had been supphed with very 
little food after their arrival. At the time they were liberated there 
were no gipsy-moth caterpillars in the field and very few pupx. An 

occasional native caterpillar could be found, but they were rare in 
the vicinity of the colony. Several examinations were made the fol- 
lowing spring and summer. On July 8 Calosoma larve were found, 
showing that the species had survived and that reproduction had 
taken place. This indicates that the beetles are able to survive under 

very unfavorable conditions. 
In order to determine how far male beetles might be attracted by 

females, several experiments were conducted, but negative results 

were secured. 
REPRODUCTION, 

After emerging from hibernation and feeding for a few days, cop- 
ulation takes place and eggs are deposited by the females. — It is neces- 
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sary for the latter to mate several times during the season, or a large 
percentage of infertile eggs will be laid. Old beetles lay many more 
eggs than young beetles. The highest number of eggs laid by a sin- 
gle female in a season was 653. If an average is taken covering all 
the beetles under observation for a single year, both young and old, 
the rate of increase—that is, the average number of eggs deposited 
by each female—will be about 100. The result of several years’ work 
in rearing beetles in confinement indicates that it is a common habit 
of this species to oviposit sparingly, if at all, the first summer, and 
to lay eggs freely the second season. If conditions are favorable the 
first year, a number of eggs may be laid, while if they are unfavorable 
oviposition is postponed until the second or third summer, as the case 

may be. It sometimes happens that eggs are laid the first and third 
summers, but not during the second; at any rate, each female will lay 

about an equal number of eggs, but the time they are deposited varies 
greatly. 

_.The data secured from field colonies indicates that the same con- 
ditions apply. Two-thirds of the localities that were colonized with 
beetle larvee have shown some reproduction the year following plant- 
ing, while colonies where adults were liberated usually show much 
larger increase. The jar records indicate that the old beetles multiply 

seven times as fast as the young ones, and in the field, based on the 
number of molt skins found in several colonies, the average is 10 to 
1 in favor of the old beetles. 

HABITS OF FLIGHT. 

For a number of years it was believed that these beetles did not 
fly. They were frequently seen in trees, and when disturbed would 
fall to the ground without making any effort to use their wings. 
A number of observations, however, prove that the species flies quite 
freely, particularly early in the spring. There is at that time con- 
siderable migration of the adults after they emerge from hiberna- 
tion, and they undoubtedly seek localities where food is plentiful. 
The fact that beetles have been found more than 20 miles outside the 
area where they were colonized indicates that spread is accomplished 
by flying or that the species was carried on vehicles or in some other 
way. 

ATTRACTION OF ADULTS TO LIGHT. 

Several native species of Calosoma are attracted to strong leght. 
Although many observations have been made in eastern Massachu- 
setts, where sycophanta was first colonized, and where the species is 
abundant, it has never been taken at are lights, and we have received 
no record to that effect from various collectors in this vicinity. 
Several specimens are reported to have been taken at electric lights 
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at Salisbury Beach, Salisbury, Mass., in 1913. It is probable that the 

species is occasionally attracted to lights, but it is apparent that 
this beetle does not frequent lights as commonly as other species of. 
the same genus. 

EXPERIMENTS IN DROWNING BEETLES. 

Early in the spring of 1910 a number of experiments were con- 
ducted to determine whether beetles could continue to live after being. 
submerged in water for any length of time. This information was 
quite desirable, inasmuch as areas where the beetles hibernate during. 
the winter might in the spring be covered with water for a consider- 
able period, so that unless the species are able to withstand submer- 
gence many specimens might be destroyed in this way. 

March 17, 1910, cages containing frozen earth were dug up and 
two male beetles were removed from their cavities and put in a jar 
of water. At 11 a. m. the jar was placed in the laboratory ice chest 
and kept at a temperature of 39° F. Some pieces of cloth and two 
small blocks of wood were put in the jar with the intention of keep- 
ing the beetles submerged, but at 5.58 p. m., when an examination was 
made, both beetles were found swimming about in the water. They 
were again submerged by placing a quantity of blotting paper inside 
of the jar, but on the following morning they had succeeded in 
making their way to the surface. A wooden float was then con-. 
structed which was placed in the jar in such a manner as to keep 
the insects under water. They were kept in this position four days, 
although every 12 hours they were taken out and examined to see if 
they showed signs of life. At the end of this period they were re- 
moved, apparently dead, but in less than an hour they revived suffi- 

ciently to begin feeding on cutworms. 
This experiment shows that beetles of this species can live for at 

least four days, and probably longer, if submerged in water a few 
degrees above the freezing point. 

March 17, 1910, several small wire cages, used for feeding larvee, 

each of which contained a newly formed beetle, were dug up and 
submerged in a tub of water to see if the insects would survive this 
treatment. There were several inches of frost on the top of each 
cage and the temperature of the water was about 39° F. March 18, 
at 8 a. m., one female had emerged and was clinging to the wire just 

above the water. An examination of the earth in this cage showed 

that the hibernation cavity was about 6 inches deep, and as soon as 
it thawed out the insect made its way to the surface of the water. 

Another cage was examined after it had been submerged 24 hours 

and a living beetle was found 84 inches below the surface of the 
earth. The cage was replaced and removed later in the day and it 
was found that the beetle had worked its way to a point a half inch 

93012°—Bull. 251-—15——-3 
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below the surface of the earth. It appeared dead, but on removal 

soon revived. 
At the end of 48 hours another cage was examined, and a live beetle 

found 34 inches below the surface of the earth. This cage was- 
replaced and on the following morning, after it had been submerged 
for 24 days, the beetle was found on the surface of the water. 

The last cage was opened at the cnd of four days, and an active 

female was found in the earth, which was now very compact. The 
beetle was replaced in the mud and the cage submerged, but at 
3.10 p. m. it came to the surface of the water, after having remained 
beneath it four days and two hours. 

_ These experiments indicate that this species is able to withstand 
excessive amounts of moisture and that in the spring, when lowlands 
are flooded, the major ity of the insects will survive, apparently with- 
out serious inconvenience. 
On March 21 a female Calosoma beatles that had been submerged 

for four days and two hours was placed in a tub of water and floated 
about on the surface. It seemed desirable to ascertain how long the 
insect would remain alive and float when the temperature of the 
water was maintained at about 39° F., and also whether it was able 

to make any progress in swimming. During the first hour and fifteen 
minutes the insect swam a distance of 22 inches. It rested on the 
water very easily, less than one-half of the body being submerged. 
The legs moved continually, but its progress was very slow. This 
beetle remained in the tub of water 15 days and at the end of that 
period was removed for dead. In a few hours it revived and began 
feeding, and was used later in the summer in. rearing experiments. 

This shows that in the spring beetles of this species might survive 

several days if they should fall into ponds, and that they would 
probably float with the current and might be distributed quite a 
long distance in this way, especially if they fell into streams or 
rivers. | 

NATURAL ENEMIES. 

It is undoubtedly true that this species is eaten to some extent 
by birds, and the hairy woodpecker has been charged with destroy- 
ing it on several occasions. The crow has been observed to feed on 

the beetles and also to carry them to their nests which were occupied 
by young birds. Among the other vertebrate enemies may be men- 
tioned skunks, raccoons, and foxes. The last two mentioned, when 

kept in captivity, will feed on these beetles very freely. Abundant 
evidence has been secured that skunks destroy large numbers of the 
beetles. In some sections where these insects were very abundant it 
was found that the remains of the beetles formed the chief con- 
stituent of the excrement of this animal. (Pl. VII.) Not only 
do the skunks secure beetles which may be on the ground, but they 



THE CALOSOMA BEETLE IN NEW ENGLAND. 19 

undoubtedly obtain many that have just transformed to the beetle 
stage and are just beneath the surface. In several places, where 
beetles were numerous and were doing good work in destroying 
gipsy-moth caterpillars, it was found later in the season that the 
ground beneath the trees had been uprooted to a considerable ex- 

tent and skunk droppings containing large numbers of beetle re- 
mains were abundant in the locality. 

These beetles are also attacked by a tachinid fly, probably Viviania 
georgiae, as a few specimens of this species have been reared from 
beetles which died after they had been brought in from the field. 

Under laboratory conditions the beetles and their larve are some- 
times seriously attacked by a mite known as 7yroglyphus armipes 
Bks. It is improbable that they suffer from this enemy under field 
conditions, but unless breeding jars are kept free from dead cater- 
pillars, considerable difficulty is likely to result in rearing the insect 
in confinement. 

COLONIZATION OF CALOSOMA SYCOPHANTA. 

Colonies of this species were first liberated in the field in 1906 in 
the towns of Saugus, Malden, Winchester, Burlington, and Lynn- 
field, Mass. Other colonies have been released since that time in 
territory where the insect did not occur and where gipsy-moth in- 
festation was severe. There have been liberated in the field about 
2,700 beetles which were imported from Europe; in addition to this, 
during the first two or three years following 1907, colonies of larvee 
and some beetles reared at the laboratory were also released in the 
field. Since 1910 this species has not been received from Europe, and 
most of the specimens colonized have been collected in eastern Massa- 
chusetts, where the beetles have become abundant. Table III gives a 
summary of the number of beetles imported, as well as those collected 
and colonized since the work began. 

TasLe IIl.—NMumber of living Calosoma sycophanta imported, and number of 
beetles and larve colonized. 

/ : Colonized from rearings 
( peer and field collections. 

: ae _ from 
Year. Received. importa- 

Hons. Adults. Larvie. 

HSS) MIDE A Moe el ine dooce 
Thee Wear clchoconel pos SOB E 
JRO Hn Caner cca 2, 300 
ZOU Mal eiieieiataie == «ib 6, 100 

1,064 152 6, 380 
ee yen SAAN ak re Sete 621 1, 104 

epi as ac al: 3,014 2,901 
PGE ALS ae SI) |p aa aie Saat ale aa 4,244 330 

Pstal ss 35.039. 4,045 2,711 | 8, 507 19, 115 
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In addition to the beetles colonized, as given in Table III, 340 
living specimens were shipped from the laboratory during 1912 and 
1913. Most of these went to New Brunswick, Canada, where an in- 

festation of the brown-tail moth exists, but a small lot was shipped 
to the commissioner of horticulture of California for colonization in 
that State, and another lot was forwarded to New Mexico, where a 
serious outbreak of the range caterpillar (Hemileuca oliviae Ckll.) 
exists. . 

In 1914, 1,830 specimens were collected by Mr. L. S. McLaine, an 
assistant of Dr. C. Gordon Hewitt, entomologist to the Dominion 
of Canada, and shipped to New Brunswick, and 1,700 were obtained 
by Mr. H. E. Smith and forwarded to New Mexico by arrangement 
with Prof. F. M. Webster, in charge of cereal and forage insect in- 
vestigations in the Bureau of Entomology.’ 

METHODS OF SECURING DATA FROM FIELD COLONIES. — 

In order to determine whether this species has increased in spread 
under natural conditions, a large amount of work has been carried 
on each year in the field. Owing to the large size of the beetle and 
its larvee, it 1s comparatively easy to make observations on this 
species. For the first few years after liberations were made observa- 
tions were carried on in the localities where the colonies were planted. 
The work was taken up about the 1st of July and continued as long 
as information could be secured in August. Effort was made to 
determine not only whether the species had survived, but to find out 
whether it was spreading. This work gave very gratifying results. 
On trees which were burlapped it was possible in many cases to 
find the beetles or their larvee feeding on gipsy-moth larve or pup 
beneath the bands. The beetle larve feed extensively on gipsy-moth 
pupe, and it is quite easy to determine if pupz have been destroyed 
by this means, even though the insect may not be present. As the 
larve of sycophanta climb trees and feed among masses of pupz, an 
examination of these masses in midsummer usually indicates whether 
the species is present. An additional help in this respect results from 
the fact that these beetle larvee molt among the masses of pupze on the 
trees, and unless there are heavy rains, which wash these molted skins 
to the ground, it is possible, for a period of several weeks after actual 

feeding took place, to determine whether the species has been present. 
Uusing this information as a guide, parties of men have been em- 
ployed each year to examine infested places in the towns outside of 
localities in which colonization actually took place. In this way it has 
been possible to determine the spread of the insect from year to year 

1Results of the introduction into New Mexico will be set forth in detail in a report on 

the range caterpillar investigation of this bureau. 
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and to secure data on the abundance of the species and the effective- 
ness of its work. 

The accompanying map (PI. VIII) shows the territory infested 
with the gipsy moth in 1914; also the areas where the Calosoma 
beetle was found from the years 1910 to 1914, inclusive. 

DISPERSION OF CALOSOMA SYCOPHANTA. 

Table IV shows the annual dispersion of Calosoma sycophanta since 

it was introduced into Massachusetts. This information has been 

secured by careful field examinations, and towns have not been in- 
cluded in the area unless the beetles or their larve have been found 

in several localities throughout the town. 

TABLE IV.—Table showing annual dispersion of Calosoma sycophanta in New 
England, 1909-1914. 

Year. Area. | Year. Area, 

Sq. m | Sq. m 
1909. ee ee eew ee ak OLD Reem sckeee cine 1,615 
UOIO ee. Paes se3 2 106 LOIS Ree eases 3, 003 
ROM sea es 21 425 | OVA hase 53 eo 5 | 6,445 

| 

The statements which follow give a list of the towns and cities in 
Massachusetts, New Hampshire, Maine, Rhode Island, and Connecti- 

cut in which colonies of this species have been liberated, the number 
released, and the places where they have been found as a result of 
spread from nearby towns. The records are complete up to and in- 
cluding 1914, and the information*is given somewhat in detail, so 
that it may be of value to owners of property or residents in the sec- 
tions concerned. 

MASSACHUSETTS. 

Abington.—No colonies were liberated in this town. Examinations of wood- 

lands in 1914 resulted in finding traces of the beetles, although little damage 

was noted by the gipsy moth. 

Acton.—In 1910 a colony of 200 larvre was liberated in the western part of 

the town. During August, 1912, the larval molt skins were found in many 

woodlands throughout, and further evidences of the increase and efficiency of 

ihe species were reported in 1913 and 1914. 

Amesbury.—In 1910 a colony of 200 larvae was liberated in woodland off 

Haverhill Street. August, 1912, examinations showed them to be present in 

many localities throughout the town, and in 1913 and 1914 further reports 

indicated that they had become numerous in these sections. 

Andover.—Dnuring 1919, 100 beetles were liberated in this town. In 1911 they 

were recovered in a few localities. They were recovered in 26 different locali- 

ties in 1912. Additional data secured in 1913 and 1914 showed them to be 

present in large numbers throughout. These records are indicative that these 

beetles are common enough throughout this section to be accomplishing an 

appreciable amount of good as an enemy of the gipsy moth. 
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Arlington.—In 1910, 200 beetle larvee were colonized. During 1911 they were 

recovered in various localities. No further examinations have been made, as 

the results indicated that this species was well established here. 

Ashburnham.—In 1914, 87 beetles were colonized in a section where there 

was a heavy infestation of gipsy moths. Later reports show that the beetles 

had spread sparingly into other sections. 

Ashby.—During 1914, 174 beetles were liberated in two localities where gipsy 

moths were abundant. They also made their appearance in other sections as a 

result of spread from other towns. 

Ashland.—A colony of 100 beetles were liberated in 19138 at a locality where 

the gipsy-moth infestation was moderate. Later in the season this species was 

recovered at points distant from the colony. In 1914 it was universal through- 

out the town. 

Avon.—No colonies were liberated here, but in 1913 recoveries were made in 

the southern part of the town, and a satisfactory increase was noted in 1914. 

Ayer.—In 19138 beetles were recovered in three localities, although no colonies 

had been liberated. This species showed remarkable increase in 1914. 

Barnstable.—No beetles were liberated in this town. In 1914 this species was 

reported as abundant in various localities. 

Barre.—No colonies were liberated, but beetles were reported in 1914, which is 

a result of spread from other towns. 

Bedford.—During 1910, 100 beetles were liberated. In 1911 this species was 

recovered in localities surrounding the colony. Examination made in 1912 

showed them to be present in 10 widely separated points throughout the town. 

In 1913 and 1914 the beetles were common in all sections. 

Belmont.—During 1911 larval molt skins were found in a number of locali- 

ties, although no liberations were made here. In 1912, 1913, and 1914 beetles 

were present in all the infested localities. 

Berlin.—No colonies were liberated here, but in 1913 beetles were found in 

two localities. Reports in 1914 show this species to be quite :»bundant. 

Beverly.—During 1909, 200 beetle larvee were liberated off Essex Street. In 

1910 beetles were recovered in points surrounding the colony. This species was 

found in many localities in 1911, and in 1912, 1913, and 1914 it had become well 

established. 

Billerica.—In 1909, 100 beetles were liberated. Examinations in 1912 showed 

them to be present in most of the woodland areas. This species was very com- 

mon in 1913 and 1914. 

Bolton.—Although no colonies were liberated here, the beetles were found in 

three localities in 1913. Reports show this species to be abundant in 1914, 

Boston.—During 1910, 200 beetle larve were liberated in the Hyde Park dis- 

trict. In 1911 they were recovered in the Jamaica Plain and West Roxbury 

sections. Inspections in 1912 showed them to be common in the Hyde Park, 

Jamaica Plain, and Dorchester sections; also in Franklin Park. They were re- 

ported very common and doing efficient work in woodlands where gipsy moths 

were present in 1913 and 1914. 

Boxboro.—No colonies were liberated here. Larval molt skins were found in 

one locality in 1912. During 1913 this species was found in other parts of the 

town, and in 1914 it had become quite common. 

Boxford.—In 1910, 200 beetle larvee were liberated. During 1912 larval molt 

Skins were found in 10 widely separated localities. Additional data secured in 

1915 and 1914 showed them to be well established throughout the town. 

Boylston.—Although no colonies were planted here, beetles were recovered in 

one locality in 1913. In 1914 this species was reported from many sections of 

the town, 
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Bradford.—In 1910, 200 beetle larvie were liberated. During 1912 larval molt 

skins were found in one locality. Reports in 1918 and 1914 show them to be 

rather common throughout the town. 

Brainiree.—Two hundred beetle larve were liberated here in 1909. Exami- 

nations during 1910 showed them to be present at and near the colony. In 1912 

beetles were found in three separated localities. They were reported quite 

common in 19138 and 1914. 

Brockton.—No colonies were liberated here, but in 1913 beetles were found in 

the northern part of the city. Further notes in 1914 showed that the beetles 

had increased considerably. 
Brookline.—During 1908, 145 beetles and 100 beetle larve were liberated. 

In 1909, 200 beetle larve were added to another infested woodland. HWxamina- 

tions in the summer of 1909 showed that the beetles had migrated somewhat. 

During 1910 they were reported as reproducing and spreading favorably. In 

1911 they had spread into 20 different localities and since that time they have 

steadily increased and have become well established. 

Burlington.—Forty beetles were liberated here in 1906. In 1907 and 1908 a few 

laryal molt skins were found. During 1909 beetles were found three-fourths of a 

mile from the colony, and in 1910 they were noted a considerable distance from 

the center of the original colony. In 1911 and 1912 this species was reported 

common in all sections of the town. Later reports show them to have increased 

and become well established. 

Canton.—During 1911, 100 beetles were liberated. In 1912 larval molt skins 

were found in the center of the colony and in five isolated localities of the 

town. Reports of 1913 and 1914 show this species to be present in large num- 

bers and steadily increasing. 

Carlisle—In 1910, 100 beeties were liberated. A thorough inspection was 

made in 1912 and they were recovered in a number of different localities. Since 

that time they have steadily increased and become effective. 

Carver—During 1913. 85 beetles were liberated. In 1914 larval molt skins 

were found common in all parts of the town where gipsy moths were present. 

Cheimsford.—One hundred beetles were liberated here in 1910 and during 1912 

they were recovered in several localities. Reports made in 1913 and 1914 found 

them present in large numbers. 

Clinton.—No beetles were liberated here, but examinations made in 1914 show 

them to be rather common in all parts of the town. ; 

Cohasset.—In 1909, 400 beetle larvee were released in this town. During 1912 

they were recovered in several localities. Additional data secured in 1913 and 

1914 show this species to be well established. 

Concord.—Vifty beetles and 100 beetle larvie were liberated here in 1908, and 

400 larvee in 1909. Examinations made in 1910 indicated that they had spread a 

considerable distance from where the colonies were liberated. In 1911 and 1912 

this species was recovered in several sections and reports made in 1913 and 1914 

show them to be abundant in all localities. 

Danvers.—During 1909, 300 beetle Jarvie were liberated, and in 1910 they 

were recovered a short distance from the colony. Examinations made in 1911 

resulted in finding molt skins in numerous localities. IFurther evidence secured 

in 1912 and 1914 showed this species to be well established. 

Dedham.—Itn 1910, 200 beetle Jarvie and in 1911, 100 beetles were liberated. 

Beetles were present in most of the woodlands in 1912.) In 1913 and 1914 they 

were found to have increased considerably and had become well established. 

Dover.—Tvro hundred beetle larvie were liberated here in 1910.) In 1912 

larval molt skins were found in five widely separated localities, Data received 
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in 1913 gave evidence that they were well established, and in 1914 they were 

found to be very abundant. 

Dracut.—In 1910, 100 beetles were liberated. During 1912 they were re- 

covered in various localities. Im 1913 and 1914 the species was well estab- 

lished and very abundant in some localities. ; 

Dunstable.—No colonies were liberated in this town, but in 1912 beetles 

were found in three widely separated sections. Reports of 1913 and 1914 show 

this species to be rather abundant in various localities. 

Duxbury.—Beetles were found in the northern part of this town in 1913, 

although none had been liberated. In 1914 examinations showed them to be 

present in all sections. 

Easton.—In 1913, 100 beetles were liberated and reports in 1914 showed the 

beetles to have spread to other localities. 

East Bridgewater.—No beetles were liberated here, but in 1914 they were 

found in localities where gipsy moths were present in sufficient numbers. 

Esser.—iIn 1909, 549 beetle larvee were liberated in three separated localities. 

Beetles were recovered at and near these colonies in 1910. During 1912 ex- 

aminations showed them to be present in large numbers in all sections, and in 

1913 and 1914 they were reported to be abundant in all gipsy-moth infestations. 

Fall River.—No liberations were made here, but in 1914 Mr. Norman S. 

Easton, President of the Society of Natural History. reported finding an adult 

in the center of the city. 

Fitchburg.—One hundred beetles were liberated in 1913 in the western part 

of the city. During 1914. S87 beetles were liberated on Ashburnham Hill Road 

and S87 near Burbank Hospital. Later reports show them to be present. in 

nearly all of the wooded sections of the city. 

Foxboro.—In 1913, 100 beetles were liberated in this town, and during 1914 

they were recovered in three different localities. 

Framingham. Two hundred beetle larve were liberated in 1910 in the 

northeastern part of the town. During 1912 they were recovered in several 

Jocations in the eastern part and in 1913 the species was quite common in the 

western section. Further data secured in 1914 showed them to be quite abun- 

dant in all localities. 

Franklin.—No beeties were liberated, but in 1914 larval molt skins were 

found in some sections of the town. 

Georgetown.—In -1909, 200 beetle larvee were liberated in the southern part 

of the town. They were recovered in and near the colony in 1910. During 

1912 examinations showed them to be present in a number of localities, and 

they were reported to be abundant in 1913 and 1914. 

Gloucester.—In 1908, 275 beetle larvee were liberated in three localities of 

the town. Examinations in 1910 showed them to be present in localities some 

distance from the original colonies, while in 1911 they were recovered in several 

sections. They were reported abundant in a number of localities in 1913 and 

1914. > i 
Grafton.—90 beetles were liberated in the northern part of the town in 

1914. Later in the season they were recovered in the northern and eastern 

sections. 

Groton.—No colonies were liberated here, but examinations made in 1913 

and additional data secured in 1914 indicated that the beetles were well dis- 

tributed in all sections of the town. 

Groveland.—In 1910, 200 beetle laryze were liberated in the center of the 

town, and in 1915 they were recovered in several well-separated localities. 

Later reports show this species to be abundant in all sections. 
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Halifax—aAl|though no colonies were released in this town, beetles were found 

in nearly every locality examined in 1914. 

Hamilton.—During 1909, 104 beetles and 100 beetle larvze were colonized in 

this town. In 1912 they were found in several localities visited. Reports in 

1913 and 1914 proved that this species was well distributed and quite abundant 

in some districts. 

Hanover.—No beetles were liberated here, but a careful survey of the wood- 

lands made in 1913 resulted in finding them in no less than nine well-distributed 

localities. Later reports indicate their increase and further spread. 

Hanson.—While no colonies were liberated here, examinations in 1913 and 

reports made in 1914 showed them to be common in a number of localities 

where gipsy moths were in sufficient numbers. 

Harvard.—No beetles were liberated in this town, but examinations made in 

woodlands infested by gipsy moths in 1913 gave proof that this species was 

present in nearly all localities. In 1914 they were reported quite common 

throughout. 

Haverhill—tin 1910, 200 beetle larvee were liberated in the southeastern 

part of the city. During 1912 they were recovered in several localities in the 

wooded sections. Later reports prove that this species is quite common in the 

areas infested by gipsy moths. 

Hingham.—KHHighty-three beetles were liberated here in 1912. Later in the 

year they were recovered in five different localities. In 1913 and 1914 they had 

become well established. : 

Holbrook.—No liberations were made in this town, but recoveries have been 

made in all the surrounding towns near the town line. 

Holden.—In 1913, 190 beetle larve were liberated, and in 1914, 90 beetles 

were colonized off Princeton Road. 

Holliston.—During 1913, 100 beetles were liberated in the central part of the 

town. They were recovered in one locality outside of the colony later in the 

year. As a result of examinations in 1914 it was found that this species had 

little chance of increase, as the gipsy-moth infestations were light. 

Hopkinten.—One hundred beetles were liberated here in 1910. During 1913 

they were recovered in one locality. No larval molt skins were found in 1914, 

the gipsy-moth infestation being very light. 

Hudson.—In 1910, 100 beetles were liberated on Priest’s Hill. HExaminations 

in 1912 showed them to be present in a number of locations. In 1913 and 1914 

this species had become quite abundant throughout the town. 

Tpswich—During 1909, 200 beetle larvze were liberated in the northern part 

of the town. Laryal molt skins were recovered in large numbers in some 

localities during 1912. Reports received in 1913 and 1914 show that the 

species had increased and was well established. 

Kingston.—In 1912, 93 beetles were liberated here. They were recovered in 

four near-by localities in 1918, and scouting in 1914 showed them to be present 

in all parts of the town. 

Lakeville-—No colonies were liberated here, but larval molt skins were found. 

in the center of the town in 1914. 

Lancaster.—No \iberations were made here, but in 1912 beetles were noticed 

in a few localities. Reports in 1914 show them to be quite common in a number 

of sections. 

Laiwrence.—Two hundred beetle larvee were liberated in South Lawrence in 

1910. In 1911 they were not recovered, except in adjoining towns near the 

city line. During 1913 and 1914 they were reported in large numbers in all the 

wooded sections. 
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Leicester.—Although no beetles have been liberated here, they were reported 

as being present in the southern part of the town in 1914. 

Leominster.—In 1913, 200 beetle larvae w ere liberated in the southeastern part 

of the town. From examinations made the same year they were found present 

in a few localities quite remote from the original colony, and in 1914 well dis- 

tributed. 

Lexington.—During 1908, 100 beetle larvee were liberated off State Road, 

and in 1909, 200 larvee were colonized in the eastern part of the town. A 

eareful examination was made in all infested woodlands in 1912, and beetles 

were recovered in 40 different localities. Later reports prove that they are 

abundant and doing efficient work. 3 

Lincoln.—In 1908, 100 beetle larvze were Tberared in the northwestern sec- 

tion. During 1910 they were recovered in localities somewhat remote from 

the colony. Examinations in 1911 and 1912 showed them to be present in all 

the localities infested by gipsy moths, and since that time their effective work 

has been very noticeable. 

Littleton.—In 1910, 200 beetle larvee were liberated a short distance from 

the railroad station. During 1912 examinations showed them to be quite com- 

mon in some localities. Later they were reported abundant in most sections 

of the town. 

Lowell.—During 1910, 200 beetle larvee were liberated near the Lowell General 

Hospital. In 1912 they were recovered in five different localities. In 1913 and 

1914 the species had increased and was doing efficient work in the woodiand 
areas. 

Lunenburg.—No colonies were liberated in this town, but in 1913 beetles were 

recovered in a few localities in the eastern part. During 1914 they had spread to 

all sections, and in one point near the center they had increased to such propor- 

tions that the adults and small larve destroyed about 49 per cent of the gipsy- 

moth caterpillars. Asa result of counts made after the gipsy moths had reached 

the pupal stage it was found that about 78 per cent of the pup were destroyed 

by the beetle larvee alone. 

Lynn.—No colonies were liberated in this city, but colonies were planted in 

Lynnfield and Saugus near the Lynn Woods Reservation. In 1910 beetles were 

recovered in a number of localities in the reservation. Examinations in 1911 

showed them to be well established in nearly all parts of this woodland. Since 

that year they have continued to increase and have assisted materially in lessen- 

ing the damage done to these woodlands by the gipsy moths. 

Lynnfield.—In 1906, 100 C. sycophanta and 20 ©. inquisitor adults were liber- 

ated near Broadway. Later this same year 218 of the fornier species were colo- 

nized two miles distant. C. sycophanta was recovered in 1908 and 1909. From 

examinations in 1910 these beetles were found spread throughout the southern 

part of the town, and since that time they have increased in large numbers and 

are doing satisfactory work. 

Malden.—During 1906, 40 beetles were liberated in the Maplewood section. 

They were recovered in a few localities in 1908 and 1909. This species from 1910 

to 1914 was found to have spread to all sections and was doing very eflicient 

work in destroying the gipsy moths. 

Manchester.—In 1909, 73 beetles and 850 beetle larve were liberated in five 

localities of this town. Scouting in 1911 showed them to be present in and 

at a considerable distance from the colonies. In 1912 this species was found 

to be common in many of the woodland areas. During 1913 and 1914 they had 

become well established throughout. 

Mans field.—No beetles were liberated, but in 1914 larval molt skins were found 

in a few localities. 
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Marblehead.—In 1908, 200 beetle larve were liberated one-half mile east of 

Forest River station. They were recovered in small numbers in 1910. Examina- 

tions made in 1911 showed them to be present in and at some distance from the 

original colony. Later reports indicate that this species has increased to great 

numbers in some localities. 

Marlboro.—No beetles were liberated in this town, but in 1912 larval molt 

skins were found in woodlands in the northeastern part. During 1913 they 

were found in the southern and western sections. Later reports show that this 

species is rather common in the wooded sections of the city. 

Marshfield—Im 1910, 200 beetle larvee were liberated near Marshfield Center. 

During 1913 several examinations were made, and larval molt skins were found 

in a number of widely separated localities. Later reports show them to be well 

established. 

Mashpee.—Highty-five beetles were liberated in 1913 in woodland north of 

Wakeby Pond and 316 beetle larve in woodland south of Johns Pond. Asa 

result of scouting in 1914, it was found that this species had dispersed inte most 

of the infested sections of the town. 

Maynard.—tin 1910, 200 beetle larve were liberated in badly infested wood- 

land. Observations were made in 1912, and the species was recovered in and 

around the colony. In 1918 and 1914 the species had become well established 

throughout the town. 

Medjield.—During 1910, 100 beetles were liberated in Rocky Woods. In 1912 

larval molt skins were found in a few localities around the colony. As a result 

of further scouting in 1918 and 1914 it was found that they were rapidly spread- 

ing and increasing. 

Medford—wNo beetles were liberated here, but in 1910 indications of their 

presence were hoted in the northern part of the city. Later reports show them 

to be common in all the woodland areas. 

Medway.—tn 1913, 100 beetles were liberated in Black Swamp. They were 

recovered in a few woodland areas in 1914. 

Melrose—During 1909, 200 beetle larvze were liberated in woodland near the 

Saugus-Wakefield line. Beetles were found in small numbers throughout the 

entire area in 1910. This species at the present time is common and doing 

efficient work in all the woodland areas. 

Merrimac.—Two hundred beetle larve were liberated north of Main Street, 

in Nichols Woods. Molt skins were secured in a few localities in 1912. In 1913 

and 1914 they had become quite common in some sections. 

Methuen.—During 1910, 200 beetle larvee were liberated in the eastern part 

of the town near the Haverhill line. Their presence was noted in 20 or more 

localities in 1912, and a constant increase and spread has been reported since 

that time. 

Middleboro.—In 1913, 85 beetles were liberated in woodland infested by the 

gipsy moth off Wareham Street This species was recovered in all parts of the 

town in 1914. 

Middleton.—One hundred beetles were liberated in woodland off Bast Street 

in 1910, and in 1911 they were recovered in a number of localities. Further 

examinations in 1912 showed that the beetles were still increasing and had 

become well established in 1913 and 1914. 

Milford.—No liberations were made in this town, but it was reported that 

beetles were seen in the northern part of the town, near the Hopkinton line, in 

1914. 

Millbury.—No beetles were liberated here, but scouting in 1914 showed them 

to be present in small numbers in some parts of the town, 
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Millis —In 1913, 100 beetles were liberated in the northern part of the town, 

and in 1914, 95 adults were liberated in the eastern part. Asa result of exami- 

nations in 1914, it was found that this species had spread rapidly and could 

be found in all sections of the town. 

Milton-Quincy.—During 1909, 200 beetle larvee were liberated near Shawmut 

Spring, in Cunningham Park. In 1912 beetles were recovered in 14 different 

localities of the former town. This species became very abundant in 19138 and 

1914 in badly infested sections. 

Natick-Weston.—Two hundred larve were liberated near the Natick-Weston 

line in 1910. Larval molt skins were found in a few localities in Natick in 1911. 

Hvidences of the beetles were noticed in 1912 and in 1913, and by 1914 this 

species had become very abundant in some localities. 

Needham.—In 1911, 100 beetles were liberated in woodland off Central Avenue. 

During 1912 examinations showed them to be present in five or more localities. 

Data secured in 1913 and 1914 indicated that the species was spreading and in- 

creasing rapidly. 

Newbury.—During 1910, 88 beetles were liberated in badly infested woodland 

near Byfield: Station. In 1912 they were recovered in several sections through- 

out the town. Later reports show them to be quite common in areas infested 

by gipsy moths. 

Newburyport.—During 1910, 200 beetle larvee were liberated in woodland near 

West Newbury line. Larval molt skins were found in several locations in 1912. 

In 1918 and 1914 the beetles were very abundant in all the woodland areas. 

Newton.—In 1908, 100 beetle larvee were liberated, and in 1909 400 more were 

colonized in two other localities. During 1910 they were recovered in and 

around the colonies. As a result of examinations in 1911 they were found in 

most of the wooded sections of the city, and later reports indicate that they 

are quite common in all the districts infested by gipsy moths. 

Norfolk.—Ninety beetles were liberated in the western part of this town near 

Populatic Pond in 1914. Later they were recovered in localities around the 

colony. j 

North Andover.—In 1910, 100 beetles were liberated in badly infested .wood- 

land off Osgood Street. Scouting in 1912 showed them to be present in a num- 

ber of localities. In 1913 and 1914 they were reported numerous, and in some 

cases the larve had consumed nearly all the gipsy-moth pup on the trees 8 

feet from the ground. 

Northboro.—During 1913, 190 beetle larvze were liberated near the Metropoli- 

tan Aqueduct. Asa result of examinations in 1914 they were found to be pres- 

ent in a number of localities. ; 

North Reading.—In 1910, 200 beetle larvzee were liberated in woodland one- 

half mile from the State road. They were recovered in a few separated 

woodlands in 1911. During 1912 this species was quite common in a number of 

localities, and later reports indicate that they are abundant in all the wood- 

land areas. 

Norton.—During 1914, 95 beetles were liberated in the eastern part, and 90 

more in the northern part of the town. 

Norwell.—C. sycophanta beetles were found in the northwestern part of the 

town in 1912. In 1913, 308 beetle larvee were liberated in woodland off Main 

Street, in a rather heavy gipsy-moth infestation. Examinations made later in 

the year showed them to be present in many localities and in 1914 rapidly 

increasing. 

Norwood.—No beetles were liberated in this town, but they were found in one 

locality in 1912. Scouting in 1918 showed them to be present in all sections of 

the town, and in 1914 they were found to be abundant in several wooded areas. 
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Peabody.—Fifty beetles were liberated in a badly infested woodland in 1907. 

In 1909, 100 beetles were liberated in woodland near Middleton Paper Mills, 

100 beetle larve off Birch Street, and 200 larve in woodland off West Street, 

near West Peabody Station. Several woodlands were examined in 1911 and 

molt skins were found in many locations. .During 1912 the adults of this 

species were seen in large numbers by the inhabitants of West Peabody. Evi- 

dence of the beetles’ good work was seen in all localities in 1913 and 1914. 

Pembroke.—No liberations were made here, but examinations in 1913 showed 

them to be present in all localities, being well established in the southern part 

of the town. In 1914 they were more common in most sections where gipsy 

moths were present in sufficient numbers. 

Pepperell.No beetles were liberated here, but several woodlands were exam- 

ined in 1913, and larval molt skins were found in a few localities. In 1914 

this species was common and doing efficient work in all the woodland areas. 

Phillipston.—No liberations were made here, but in 1914 three beetles were 

seen in the northern section of the town about 13 miles south of South Royalston 

Station. These undoubtedly dispersed from the colony liberated at East Tem- 

pleton in 1913. 

Plymouth.—In 1911, 21 beetles and 135 beetle larve were liberated on the 

estate of Mr. B. M. Watson. They were recovered in and around the colony in 

1913. Examinations in 1914 showed them to be present in moderate numbers 

in the northern and central parts of the town. 

Plympton.—wNo liberations were made here, but in 1914 larval molt skins 

were found in all sections of the town where gipsy moths were present in 

sufficient numbers. 

Princeton.—In 19138, 195 beetle larve were liberated in woodland off East 

Princeton road. During 1914, 180 beetles were liberated at John Chandler’s 

farm, on Princeton-West Sterling road. Later reports show this species to be 

increasing and spreading satisfactorily. 

Provincetown.—In 1914, 100 beetles were liberated in badly infested wood- 

land in Province Lands. ; 

Quincy.—During 1909, 200 beetle larve were liberated in woodland off South 

Street. In 1910 the adults and larve were found in abundance in and around 

the colony ; 134 beetle larvee were added to this colony in 1911. This species was 

recovered in 1912 in several localities far remote from the site of the original 

colony. In 1913 and 1914 they had continued to increase and spread rapidly. 

Randolph.—No liberations were made here, but larval molt skins were found 

in a number of sections throughout the town in 1913. A slight increase and 

spread was noted in 1914. 

Raynham.—In 1913, 100 beetles were liberated in woodland at the corner of 

Forest and Locust Streets. During 1914, 100 beetles were colonized in the 

central part of the town. ‘This species is spreading rapidly and doing good 

work in limited localities. 

Reading.—No colonies have been liberated here, but larval molt skins were 

found in the southeastern and central parts in 1910. Scouting in 1911 showed 

them to be present over the whole area, and in some cases quite numerous. In 

1912 larvee were found commonly throughout. Water reports indicate that they 

are very numerous and doing efficient work in the infested areas. 

Revere.—During 1908, 300 beetle laryvie were colonized in infested woodland 

on Oak Island. Some visits were made in and around the colony in 1911 and 

they were seen in large numbers. Later reports indicate that this species is 

well established. 
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Rockland.—In 1913, as a result of scouting several woodlands in yarious 

parts of the town, it was found that larval molt skins were present in several 

widely separated districts. During 1914 the beetles had increased rapidly and 

were doing very efficient work in gipsy-moth infested areas. 

Rockport—In 1910, 200 beetle larvee were liberated in woodland in the rear 

of Manning Park. Laryal molt skins were found present in several widely 

separated. districts in 1912. During 1913 and 1914 ae had become quite com- 

mon in a number of localities. 

Rowley—Two hundred beetle lary were liberated in infested woodland off 

the Newburyport Turnpike in 1910. During 1912 several examinations were 

made and it was found that the beetles were present in several localities. Later 

reports indicate that the species is present in all sections where gipsy moths are 

found in sufficient numbers. 

Rutland.—No liberations were made here, but a few beetles were reported from 

the eastern part of the town in 1914. 

Salem.—No colonies have been liberated in this city, but in 1910 an examina- 

tion showed them to be present over a large area in the southern part of the 

city. Scouting in 1911 indicated that they had increased and spread over a 

much larger area. This species at the present time is common in all the in- 

fested districts. 

Salisbury.—In 1910, 200 beetle larvee were liberated in infested woodland, and 

during 1912 they were recovered in several of the wooded areas. In 1913 and 

1914 the species was common in all sections of the town and quite a number 

were seen around the cottages at Salisbury Beach. 

Sandwich.—No beetles were liberated in this town, but as a result of scouting 

in 1914 it was found that they were present in small numbers in the south- 

eastern and southern parts. 

Saugus.—During 1906, 49 beetles were liberated in woodland in the northern 

section. In 1907, 38 beetles were liberated in infested woodland north of the 

former gipsy-moth laboratory at North Saugus. During 1911, 34 beetles were 

seen by Mr. C. W. Collins in a small area in the above district. Two hundred 

and fifty beetles to be used for transplanting were collected in a small woodland 

in the northern part of the town in 19138, showing that the beetles were quite 

numerous. This species has spread rapidly and was well established in all 

parts of the town in 1914. 

Scituate——In 1911, 835 beetle larvee were liberated in a woodlot at the corner 

of Elm and Main Streets. Examinations in 1912 showed them to have multi- 

plied and spread quite a distance from the center of the colony. Later reports 

indicate that they had dispersed to all parts of the town and were well 

established. 

Sharon.—One hundred beetles were liberated in woodland near Sharon Sani- 

tarium in 1913. During 1914 several localities were scouted and larval molt 

skins were found in a number of infested districts. 

Sherborn.—During 1910, 200 beetle larvze were liberated in infested woodland 

off Main Street. Examinations were made in scattered woodlands throughout 

the town in 1913 and larval molt skins were recovered in several localities. In 

1914 they continued to increase and spread and had become well established. 

Shirley.—No liberations were made here, but examinations made in 1913 and 

later reports in 1914 showed the beetles to be present in several separated 

districts. 

Shrewsbury.—In 1913, 250 beetle larvee were liberated in an apple orchard 

off Oak Street and 90 adults in the northern part of the town in 1914. Asa 

result of scouting in 1914, it was found that this species was present in all loca- 

tions where gipsy moths were present in sufficient numbers. 
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Southboro.—No colonies were liberated here, but in 1913 beetles were found 

in one locality in the eastern section. During 1914 they had increased and 

spread to other localities. 

Sierling.—During 1913, 200 beetle laryvse were liberated in woodland near the 

post office. In 1914 larval molt skins were found in all parts of the town, but 

in small numbers, showing that the beetles had spread and will in time become 

abundant. 

Stoneham.—tIn 1908, 75 beetles were liberated in woodland off Franklin 

Street. During 1909 a few of these were recovered. Larval molt skins were 

found in the eastern and southern parts of the town in 1910. In 1911 and 1912 

this species had increased and spread throughout, being very abundant in some 

localities. Since that time the beetles have become abundant in all gipsy-moth 

infested areas. 

Stoughton.—During 1911, 100 beetles were liberated in infested woodland off 

Turnpike Street. In 1914 larval molt skins were feund in one locality. In- 

festations in most sections of the town were very light, hence the slow increase 

of beetles. 

Stow.—Highty-six beetles were liberated in this town in 1910. In 1912 larval 

molt skins were found in 11 or more separated localities. This species had 

become well established in 1913 and 1914 and could be found very abundant 

in some sections of the town. 

Sudbury.—tin 1910, 200 beetle larve were liberated in woodland in Hast Sud- 

bury. Laryal molt skins were recovered in a few localities in 1911, and in 1912 

had increased and spread to most sections of the town. . Reports received in 

1913 and 1914 show this species to be present in all sections and in some cases_ 

very abundant. 

Swampscott.—During 1908, 175 beetle larvee were liberated in woodland off 

Danvers Street and 200 larve were colonized north of the Ocean House. In 

1910 beetles were recovered in and at some distance from the colonies. This 

species had increased and spread to a number of localities in 1911 and 1912. 

Later reports indicate a similar increase and spread. 

Taunton.—In 1913, 100 beetles were liberated off Bay Street, and in 1914, 95 

adults were colonized in woodland in the southeastern part of the city. Recoy- 

eries were made near the colonies in 1914. 
Templeton.—During 1913, 200 beetle larvee were liberated off Petersham Road. 

Beetles were recovered in and near the colony in 1914. 

Tewksbury.—In 1908, 100 beetle larvee were liberated in woodland infested by 

gipsy moths. During 1910, 100 beetles were liberated off Shawsheen Avenue 

and 200 lary near Prospect Hill. In 1912 larval molt skins were recovered in 

12 or more widely separated localities. Since that time the beetles have spread 

and become quite abundant in a number of the infested woodlands. 

Topsfield.—In 1910, 180 beetle larvee were liberated off High Street. During 

1911 some scouting was done and larval molt skins were found in several wood- 

lands. During 1912 molt skins were found in eight or more different localities. 

Further reports in 1913 and 1914 showed that the beetles had increased and 

become well established throughout. 

Townsend.—No liberations were made in this town, but a few molted skins 

were found in two well-separated localities in 1918. Reports from here in 1914: 

show that the beetles were very plentiful, and could be found in most of the 

infested areas. 

Tingsboro.—No beetles were liberated here, but in 1912 several woodlands 

were examined, and larval molt skins found in a number of well-separated 

localities. Further data secured in 1913 and 1914 indicated that the beetles 
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had increased extensively, and results of their work were becoming very 

evident. 

Wakefield —Ne beetles were colonized here, but in 1909 they were found in 

the eastern part of the town, and in 1910 could be found in various localities. 

During 1911 and 1912 they had increased and spread throughout, and are now 

assisting greatly in lessening the damage done by the gipsy moth. 

Walpole.—In 1918, 100 beetles were liberated in a wood lot off North Street. 

As a result of scouting in 1914, it was found that this species was present in 

several localities throughout the town. 

Waltham.—During 1908, 100 beetle larvee were liberated off Lake Street. In 

1910 they were recovered in and at some distance from the original colony. 

During 1911 a general scout was made, and molt skins were found in most of 

the woodlands visited. Since that time the beetles have become well estab- 

lished, and are very abundant in some localities. 

Wareham.—wNo liberations were made here, but as a result of scouting during 

1914 the species was found to be present in a few localities in the northwestern 

part of the town. 

Watertown.—No beetles were liberated, but evidences of their presence were 

noted in several localities in 1911. Since that time they have increased and 

spread throughout all the woodland areas. 

Wayland.—During 1909, 200 beetle larvee were liberated in infested woodland 

off Pocr Farm Road. In 1910 they were recovered in and around the original 

colony. During 1911 and 1912 the beetles had spread and become well estab- 

lished in the infested areas. Further reports indicate that they are still in- 

creasing and have become quite abundant in several localities. 

Wellesley.—In 1908, 223 beetles were liberated in infested woodland near 

Wellesley Farms Station. In 1909 they were recovered in and at some distance 

from the original colony, while in 1910 they were scattered over a larger area. 

During 1911 larval molt skins were recovered in practically all parts of the 

town. In 1912 the beetles had increased to such an extent that over 2,000 

larvee were collected under burlaps for further colonization without depleting 

the stock. In 1913, 3,500 beetle larvze were collected in a limited area of the 

town, and during 1914 beetles were collected in large numbers for recolonization. 

Wenham.—In 1908, 12 beetles and 75 beetle larve were liberated off Cherry 

Street. During 1909, 73 beetles and 100 beetle larvze were colonized off Grape- 

vine Road. In 1910 beetles were found in and at quite a distance from the 

original colonies. During 1911 and 1912 the species had increased and spread 

over large areas. Since that time they have become well established, and in 

some localities very abundant. 

Westboro.—No liberations were made here, but in 1914 beeties were found in 

a number of localities throughout the town. 

West Boylston.—In 1914, 90 beetles were liberated in infested woodland off 

Prescott Street. During the late summer larve were seen in large numbers in 

and around the colony. 

West Bridgewater—No beetles were liberated here, but in 1914 some scouting 

was done, and larval molt skins were found in the southwestern part of the 

town. F 

Westford.—During 1910, 100 beetle larvee were liberated in the northern part 

of the town. Examinations in 1912 showed that the beetles had spread over a 

rather large area in the eastern section. In 1913 and 1914 further reports indi- 

eated that they had increased and were becoming quite numerous. 

Westminster.—In 1913, 100 beetles and 200 beetle larve were liberated near 

Bean Porridge Hill, and in 1914, 87 adults were colonized off Westminster Hill. 
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Road. Scouting was done in 1914, and this species was recovered in and at 

some distance from the original colonies. 

Weston.—During 1909, 200 beetle lary were liberated in woodland near rail- 

road station. Several larval molt skins were found in the area surrounding the 

colony in 1910. In 1911 the beetles had spread to all sections, and in some eases 

quite numerously. Later reports indicate that they have become well estab- 

lished in all parts of the town. ; 

West Newbury—-Two hundred beetle larve were liberated on Pipestave Hill 

in 1910. Scouting in 1912 resulted in finding molt skins in several well sep- 

arated localities. Later data secured show that they are very common in all 

the infested woodlands. 

Westwood.—In 1910, 200 beetle larve were liberated in badly infested wood- 

land, and in 1911, 100 beetles were colonized in woodland off Canton Street. 

Several woodlands were scouted in 1912, and molt skins were found over the 

entire area. Since that time this species has become common throughout. 

Weymouth.—During 1909, 200 beetle larve were colonized in woodland off 

Commercial Street. In 1910 molt skins were found abundant in and around 

the colony. During 1911 and 1912 the beetles had become well distributed 

throughout, and in 1913 and 1914 they had increased extensively. 

Wilmington.—Two hundred beetle larvz were liberated near the central part 

of the town in 1910. In 1911 it was found that the beetles had spread through- 

out. During 1913 and 1914 they had become so numerous that it was possible 

to collect many adults and larve for further colonization work. 

Winchester.—In 1906, 41 beetles were liberated off High Street. During 1910 

laryal molt skins were found quite a distance from the original colony. Exam- 

inations in 1911 showed that the beetles had dispersed over a greater part of 

the town and since that time bave continued to increase. 

Woburn.—During 1907, 97 beetles were liberated in woodland near North 

Woburn. In 1909 beetles were found in the colony, and larval molt skins were 

found a mile distant. Data secured in 1910 and 1911 showed that the beetles 

had increased considerably and had dispersed to all sections of the city. Since 

that time this species has continued to increase, and is common in all the wood- 

land areas infested by gipsy moths. s 

Worcester.—In 1915, 150 beetle larvee were liberated in an apple orchard at 

the corner of Pleasant and Moreland Streets. Larval molt skins were found 

quite abundantly in the western part of the city in 1914, and a colony of 90 

beetles was liberated the same year near Lake Quinsigamond. 

Wrentham.—tIn 1914, 90 beetles were liberated in the northern part of the 

town, off Bennett Street. 
, 

New HAMPSHIRE. 

Allenstoun.—No colonies were liberated in this town, but in 1913 beetles were 

found in the southern part. In 1914 they had spread to all sections. 

Alton.—in 1914, 90 beetles were liberated in this town near Spring Haven 

Station, 90 north of Alton Station, and 90 near Merry Meeting Pond, the last 

being colonized by Prof. W. GC. O’Kane. 

Amherst.—A\though no colonies were liberated in this town, evidence secured 

in 1913 showed that the beetles were present in 10-or more widely separated 

localities, and in 1914 had become quite common. 

Andover,—In 1914 beetles were found in the eastern part of the town, although 

no liberations were made. 
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Atkinson.—Larval molt skins were found in several different localities in 

this town during 1912. Later reports show them to have become well estab: 

~ lished. 

Auburn.—In 1913 beetles were found present in several localities and during 

1914 they had become quite common. 

Barnstead.—During 1914, 42 beetle larvee were liberated in the central part 

of this town by Prof. W. C. O’Kane. Later they were recovered in the eastern 

part, where they had spread from other towns. i 

Barrington.—Although no colonies were liberated here, larval molt skins were 

found in several sections during 1914. 

Bedford—Scouting during 1915 showed that the beetles were present in 

several areas and in 1914 they had become quite numerous. 

Boscawen.—No liberations were made here, but beetles were found in two 

widely separated localities in 1914. 

Bow.—In 1913, 85 beetles were liberated in woodland near Bow Mills. Dur- 

ing 1914 they were found in a number of well-separated sections. 

Brookfield—During 1914, 100 beetles were liberated 2 miles west of San- 

bornville Station, 77 on road to Copplecrow Mountain (4 miles from Sanborn- 

ville Station), and 56 beetle larvee one-half mile north of Brookfield Center. 

The two latter colonies were liberated by Prof. W. C. O’Kane. 

Brockline-——No colonies were liberated in this town, but larval molt skins 

were found in the northern part in 1913, and during 1914 they had increased 

and spread to a number of localities. : 

Candia.—During 1913 larval molt skins were found in several scattered wood- 

lands, showing that the beetles had dispersed here from other near-by sections. 

Further data secured in 1914 show that the beetles were common throughout. 

Canterbury.—One hundred beetles were liberated in this town in 1913. They 

were recovered in six widely separated localities in 1914. 

Chester.—Beetles were found to be present in a number of localities in this 

town during 1913 and 1914. 

Chichester.—In 1914, 100 beetles were liberated in the southern part of the 

town by Prof. W. ©. O’Kane. Larval molt skins were also found in this 

section in 1914. 

Concord.—In 1918, 85 beetles were liberated in woodland near West Concord 

post office. During 1914 larval molt skins were found in all the infested 

woodlands. : 
Danville-—Examinations of some woodlands in 1913 showed that the beetles 

had dispersed here. and in 1914 were well distributed over the entire area. 

Deerfield.—No liberations were made here, but in 1914 the beetles were 

common throughout, and in some localities very abundant. 

Deering—During 1914 beetles were found quite abundant in two well-sepa- 

rated localities. 3 

Derry.—During 1912 and 1913 larval molt skins were found in several 

widely separated localities. Since that time they have become well established 

throughout. 

Dover.—wNo colonies were liberated here, but in 1913 and 1914 larval molt 

skins were found in well-separated localities. 

Dunbarton.—As a result of scouting in 1914, beetles were found in six well- 

separated localities. 

Durham—No beetles were liberated here, but in 1913 and 1914 they had 

become well established in all parts of the town. 

Effingham.—During 1914, 100 beetles and 68 beetle larvee were liberated in 

this town by Prof. W. C. O’Kane. 
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Epping—During 1913 examinations of woodland showed that the beetles 

had entered this town, and were present over a limited area. They were 

reported quite common throughout in 1914. 

Epsom.—tiIn 1914, 100 beetles were liberated three-fourths of a mile from 

Short Falls Station by Prof. W. C. O’Kane. 

Exeter—No liberations were made here, but in. 1912 beetles were found in 

the eastern and southern sections. In 1913 and 1914 they had spread to all 

parts of the town and were increasing extensively. 

Farmington. Examinations in 1914 showed the beetles to be present in 

eight widely separated localities. : 

Fitzwilliam.—tin 1914, 300 beetles were colonized in three widely separated 

localities in this town. 

Francistown.—In 1914, as a result of scouting, larval molt skins were found 

in the eastern, southern, and central parts of this town. 

Frenvont.—No beetles were liberated here, but in 1912 they were found in 

three different localities in the southern part of the town. In 1913 and 1914 

they had become well established in ali the infested woodlands. 

Goffstown.-—During 1913, 100 beetles were liberated in woodland near Saw- 

yers Crossing. Larval molt skins were found in the northern, western, and 

south-central parts of the town in 1914, and were abundant in some sections. 

Gilmanton.—In 1914, 90 beetles were liberated in the northwestern part of 

the town. Later the same year 61 beetle larve were colonized by Prof. W. C. 

O’Kane. 

Greenville—In 1914 beetles were reported from all sections of the town. 

Hampstead.—During 1912 larval molt skins were found in a few localities. 

Further reports indicate that they are well established throughout the town. 

- Hampton.—Examinations of woodlands during 1912 showed that the beetles 

had dispersed into the town. In 1913 they were found quite commonly in sey- 

eral localities, and during 1914 they were well established in all the woodland 

areas. 

Hampton Falls —Bectles were found in small numbers in this town during 

* 1912, and in 1913 and 1914 they were reported very abundant in some localities. 

Henniker.—In 1914, 54 beetles were liberated in the northwestern part of 

this town. Later in the year they were recovered in the northeastern, eastern, 

and southern sections . 

Hollis —In 1912 beetles were found in four or more separated localities. 

Since that time they have increased and spread to all the infested woodlands. 

Hooksett. Highty-five beetles were liberated here in 1913. Later in the year 

larval molt skins were found in a few scattered localities, indicating that the 

beetles had also spread here from neighboring towns. During 1914 they had 

become well established throughout. 

Hopkinton.—During 1913, 85 beetles were liberated here. In 1914 they were 

found in the southeastern, eastern, and northwestern parts of the town. 

Hudson.—A number of localities were scouted ia this town in 1912 and 1918, 

and Jarval molt skins were found in many sections. In 1914 they had con- 

tinued to increase and spread to all infested areas. 

Kensington.—lvidences of the beetles’ presence were found in this town dur- 

ing 1912. Since that time they have increased and spread to all the infested 

woodlands. 

Kingston.—Veetles were found present here in several localities in 1912. Dur- 

ing 1913 and 1914 they had increased and dispersed to all the gipsy-moth in- 

fested areas, 

Lee.—In 1913 beetles were found in a few separated localities, and during 

1914 they had continued to increase and spread to all sections of the town. 
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Litchficld.—Larval molt skins were found in three or more separated local- 

ities in this town during 1913, and in 1914 they had become quite common. 

Londondcrry—No liberations were made here, but larval molt skins were 

found in 12 different localities in 1913.. They were reported doing efficient work 

in the infested woodlands in 1914. 

Louden.—In 1914 larval molt skins were found in small numbers in the 

northeastern part of the town. 

Lyndeboro.—Beetles were found in the southeastern part of the town in 

1913, and during 1914 they had increased and spread to a number of well- 

separated localities. 

Madbury—During 1913 beetles had made their appearance in a few localities, 

and in 1914 they were well distributed throughout the town. 

Manechester.—In 1913, 100 beetles were liberated in woodland off Mammoth 

Road. Later examinations showed that they were present in several localities; 

this species evidently had spread from nearby towns, and in 1914 was reported 

common throughout. 

Mason.—A few beetles were found in the eastern part of this town in 1913, 

and in 1914 they were reported from various localities. 

Merrimac.—Laryal molt skins were found in several widely separated lo- 

ealities in 1915. During 1914 they had become well established throughout. 

Middieton—Seventy-one beetle larve were liberated in woodland off Ridge 

Road by Prof. W. C. O’iSane in 1914. 

ililford.—Evidence of the beetles’ presence was found in a number of Jocali- 

ties in this town during 1914. ; 

Milton—In 1913, 200 beetle laryze were liberated off State road near 

railroad station. During 1914, as a result of scouting, they were found in all 

parts of the town. a 

Mont Vernen.—Larval molt skins were found in four well-separated locali- 

ties in 1913. Since that time this species has continued to increase and is doing 

efficient work in the infested areas. f 
Nashwua.—tin 1912 and 1913 larval molt skins were found in a number of 

well-separated localities. Reports in 1914 show that they are quite common . 

throughout. 

New Boston.—During 19138, 85 beetles were liberated in woodland off 

Francistown Road, and 85 more near Old Muzzy Hill. In 1914 larval molt 

skins were found in all sections of the town, being quite abundant in some 

localities. 

New Durham—tin 1914, 90 beetles were liberated in woodland southwest 

of Davis Station and 104 were colonized by Prof. W. C. O’Kane off road from 

New Durham to Farmington. 

Newfields—Evidence of the beetles presence in this town was found in 

several woodlands during 1913 and 1914. 

Newington.—A few larval molt skins were found near the Portsmouth line 

in 1912, and during 1913 the beetles had spread over the greater part of the 

town. In 1914 they were well established in all the woodlands infested by 

gipsy moths. 

New Ipswich.—tIn 1913, 100 beetles were liberated in a woodland off King 

Road. Examinations here in 1914 showed that the beetles were present in a 

few separated localities. 

Newmarket.—Laryal molt skins were found in a few localities near the 

center of the town in 1913. Since that time they have increased and spread 

to all sections. 

Newton.—In 1915 and 1914 beetles were found in a number of separated 

localities. Later reports indicate that they are still present and increasing. 
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North Hampton.—Beetles were found present here in a few localities in 1912. 

Data secured since that time show that they have become well established, 

being abundant in some localities. 

Northwood.—Beetles were found here in a few localities in 1914. 

Nottingham.—Scouting in this town during 1913 showed the beetles to be 

present in the eastern and central sections, and in 1914 they were well distrib- 

uted throughout. : 
Ossipee.—In 1914, 32 beetle larve were colonized in woodland near Leightons 

Corner by Prof W. C. O’Kane. 

Peiham.—tLaryal molt skins were found in a number of localities in 1912. 

During 1913 and 1914 they had increased and spread to all sections of the town. 

Pembroke.——During 1913 larval molt skins were found in a few localities in 

the southern part of the town and in 1914 they were present in most of the 

infested woodlands. 

Pitisfield—IlI 1914 larval molt skins were found in the southwestern corner 

of this town. 

inations made here during 1912 and 1913 showed that the 

beetles were well established, and in 1914 they were found very abundant in 

some localities. 

Portsmouth —Examinations during 1912 showed that the beetles were present 

in a few localities, and in 1913 and 1914 they were common throughout the 

woodland areas. 

Raymond.—A careful scout made here in 1913 showed the beetles to be pres- 

ent in several localities. Since that time they have continued to increase and . 

are doing efficient work in the gipsy-moth infested areas. 

Rickmond.—Beetles were found here in small numbers in 1914. 

Rivige. —During 1913, 40 beetles and 102 beetle larve were liberated in the 

southern part of the town, and in 1914, 100 beetles were liberated in a woodland 

14 miles east of West Rindge station. 

Rochester.—In 1915 larval molt skins were found in the southern part of the 

town and during 1914 they were recovered in nine well-separated localities. 

Rollingsford.—As a result of examinations in 1914 beetles were found to be 

common in a number of well-separated woodlands. 

Rye.—No liberations were made here, put larval molt skins were found in 

moderate numbers during 1912 and 1913. In 1914 they had become well estab- 

lished throughout. 

Salem.—Beetles were found present in a number of localities in this town 

during 1912. Since that time they have continued to increase and spread to all 

the infested areas. 

Sandown.—Laryal molt skins were found here in a few localities in 1912. In 

1913 and 1914 the beetles had dispersed to all the infested areas. 

Sandwich-Tamworth.—In 1909, 100 beetle larvee were liberated near Sand- 

wich-Tamworth line, in woodland which was being defoliated by J/eterocampa 

guitivitta Walk. and Anisota rubicunda Fab. Gipsy moths had not been found 

in this region, but it was desired to see whether the beetles would feed on 

these species and survive the winter. In 1910 and 1913 scouting was done, 

but no beetles were recovered. 

Scabrook.—During 1912 examinations were made in several parts of the town 

and 48 4 result larval molt skins were found in a few localities, Wurther data 

secured in 1913 and 1914 showed that the beetles had increased extensively. 

Somersworth.—No l\iberations were made, but in 1914 larval molt skins were 

found in a number of well-separated localities. 
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Southampton.-Seouting in 1913 showed the beetles to be present in a few 

localities in the western part of the town. Since that time they have con- 

tinued to increase and spread to the infested woodlands. 

Strafford.—During 1913 and 1914 examinations were made in several wood- 

lands, and larval molt skins were found in a few well-separated localities. 

Stratham.—In 1912 and 1913 larval molt skins were recovered in a few 

separated wooded areas of the town, indicating that the beetles had spread 

from other near-by sections. During 1914 the beetle had become quite common 

throughout. 

Temple.—During 1918, 100 beetles were liberated in infested woodland on 

Haywood Hill. Scouting in 1914 showed them to be present in a few well- 

separated localities. : 

Wakefield.—In 1914, 100 beetles were liberated in woodland on the southwest- 

ern shore of Great Hast Pond, and 100 more were colonized in this town by Prof. 

W. C. O’Kane. 

Weare.—No liberations were made here, but larval molt skins were found 

in four well-separated localities in 1914. 

Webster.—During 1913, 85 beetles were liberated in woodland near Holmes 

Hill. In 1914 they were recovered in and around the colony, also in the south- 

eastern and southwestern parts of the town. 

Wilton.—During 1913, 100 beetles were liberated in infested woodland on 

Abbott Hill. Examinations in 1914 showed that. they were well distributed 

and quite abundant in some localities. 

Windham.—Examinations made here in 1912 showed that the beetles were 

present in a few localities in the eastern and southern parts of the town. In 

1913 and 1914 they had increased considerably, and were doing very efficient 

work in a number of infested woodlands. 

MAINE. 

In 1908, 100 Calosoma larvee were shipped by express to Capt. 
E. E. Philbrook, Portland, Me. They were packed separately in 

glass tubes with earth and liberated by him in Kittery and Wells. 
Subsequent examinations have shown that the places selected for 
making liberations were not particularly suitable for the purpose, 
as the infestations were so scattering that a sufficient quantity of 
food was not available for the development of the larve. In 1913 

scouting and liberation of colonies was done by employees of the 
Maine Department of Agriculture working in cooperation with the 
Bureau of Entomology. 

Colonies were liberated by the above organization in 1914, but we 

have no records as to the localities. 

Alfred.—Examinations in this town in 1914 showed the beetles to be present 

in three localities in the central part of the town. 

Berwick.—Larval molt skins were found in three localities in the central and 

southeastern part of the town in 1914. 

Biddeford.—Beetles were recovered in three well-separated localities in 1914. 

Dayton.—Larval molt skins were found in the north-central part of the 

town in 1914. 

Hliot.—A few beetle larvzee were found here in xo and in 1914 they had 

become common in all parts of the town. 
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- Kennebunk.—In 1914 beetles were reported from two localities in this town. 

Kennebunkport.—The gipsy-moth infestation was rather light in this town in 

1914, but beetles were found in one locality. 
Kittery—In 1908, 140 beetle larvze were liberated in three different local- 

ities in this town. Scouting was done in 1913 and molt skins were recovered. 

During 1914 they had spread to all sections and were increasing extensively. 

Lyman.—tLarval molt skins were found in two localities during 1914. 

North Berwick.—In 1914 as a result of scouting larval molt skins were found 

in two localities in the eastern part and two in the northern part of the town. 

Portland.—During 19138, 27 beetles were liberated in woodland near St. 

Joseph’s Academy. They were recovered in the city in 1914. 

Saco.—Larval molt skins were found in one locality in the central part of 

the town in 1914. : 

Sanford.—tIn 1914 beetles were found to be present in four widely separated 

localities. 

Shapleigh.—Examinations here in 1914 showed that the beetles were present 

in three localities. 

South Berwick.—Beetie larvie were found quite abundant in all the areas in- 

fested by gipsy moths in 1914. 

Weills.—In 1908, 30 beetle larve were liberated in this town. In 1914 larval 

molt skins were recovered in five widely separated localities. 

York.—During 1908, 30 beetle larvee were liberated in the town and 127 adults 

were colonized in another locality in 1913. In 1914 beetles were recovered in 

several localities throughout. ; 

RHopE ISLAND. 

Cumberland.—In 1913, 200 beetle larve were liberated in a gipsy-moth infested 

woodland near Diamond Hill Reservoir. They were recovered in and around the 

colony in 1914. 

Newport.—During 1914, 110 beetles were liberated in woodland on Miantonomi 

Hill. 

Providence.—In 1913, 170 beetles were liberated in this city; 85 in infested 

willows off Kay Street, and 85 in Davis Park. They were recovered in and at 

some distance from the colonies during 1914. 

CONNECTICUT. 

Stonington.—In 1914, 220 beetles were liberated in this town in two localities 

where Jalacosoma americana were very abundant, and gipsy moths had been . 

present. 

Thompson.—No \iberations were made here, but beetles were found in small 

numbers in 1914 as a result of spread from Massachusetts towns. 

ECONOMIC IMPORTANCE OF CALOSOMA SYCOPHANTA. 

This insect has now become firmly established in New England. It 
is reproducing satisfactorily and has already demonstrated that it is 

a very important factor in the control of the gipsy moth by natural 
enemies. The beetle is now abundant enough so that it is frequently 
seen by many residents of the territory where it was first liberated, 
and a large number of people are familiar with its habits and meth- 
ods of destroying the gipsy moth. There are a number of very strong 
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points which increase the usefulness of this insect. The life history 
of the beetles and the larvee corresponds very closely to that of the 
larval and pupal stages of the gipsy moth, so that they are especially 

adapted to attack this pest. The climbing habits of the Calosoma 
larvee enable these creatures to obtain food upon the trees and in this 
way an opportunity is furnished for the species to increase in large 
numbers. The fact that the adults commonly live 2 or 3 years, and 
sometimes 4 years or more, makes it possible for the species to survive 
under unfavorable conditions. The chances for the species to exist 

are further increased by the fact that reproduction by the same indi- 
viduals may occur on alternate years. The species is capable of exist- 
ing for long periods without food, and passes through hibernation 
very successfully under New England climatic conditions. All these 
factors make it an excellent addition to our fauna, and from the 
results which have been secured from experimental records and in 
the field it appears that the species at present ranks first among the 
introduced natural enemies of the gipsy moth. During the summer 
of 1914 a large amount of field data was secured to determine the 
relative importance of the different natural enemies of this insect. 
The results of 1914 indicate that the Calosoma beetle was the most 
important single factor. The insect continues to spread each year, 
and in all probability will soon be present throughout the entire 
territory where the gipsy moth is known to exist. There is no good 
reason to suppose that it may not spread in small numbers to places 

outside this territory if sufficient and proper food can be found. 

Beetles sent to New Brunswick, Canada, survived the winter satis- 
factorily, and the same is true of specimens forwarded to New Mexico, 
which indicates that the insect is able to survive under quite different 
climatic conditions. 

O 
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INTRODUCTION. 

A temporary field station of the United States Bureau of Entomol- 
ogy was established at Winthrop, Me., in the spring of 1913, under 
the direction of Mr. A. L. Quaintance, in charge of deciduous fruit 
insect investigations. Mr. E. H. Siegler, of the Bureau of Ento- 
mology, was assigned to this station for the purpose of studying the 
life history of the codling moth (Carpocapsa pomonella L.) under 
Maine conditions. Owing to the transfer of Mr. Siegler in 1914 to 
another station, Mr. F. L. Simanton was detailed to complete the 
investigations. The records of the observations, herewith reported, 
cover the seasons of 1913 and 1914, during part of which time the 
writers were assisted by Mr. E. R. Van Leeuwen. 

In order to ascertain the variations in the life history of the codling 
moth under diverse climatic conditions, investigations have now 
been completed in widely separated districts, such as Maine and New 
Mexico, as well as in representative intermediate localities. The 
methods of study have been essentially the same wherever the work 
has been undertaken. In this bulletin a detailed account of the life 
history of the codling moth is reported as well as brief mention of the 
means of control. 
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DEFINITION OF TERMS. 

The following terms and definitions have been adopted for this 
report. 

The term brood is used for any stage of any generation of the insect. 
Thus, first-brood larva refers to a larva of the first generation; 
spring-brood larva has reference to a larva of either the first or second 
generation. 

Generation is used to include all of the stages of the insect, from 
the egg to the adult stage. 

The life cycle of a generation herein recorded includes the time from 
the deposition of the egg until the emergence of the moth. 

The complete life cycle includes the time from the deposition of the egg 
of cne generation to the deposition of the egg of the next generation. 

The term wintering larve has reference to the larve which winter 
in the larval stage. It includes all larvee which do not transform 
during the same season as hatched. 

The wintering larve transform in the spring to pupe, known as 
spring-brood pup (spring pup). These in turn transform to 
spring-brood moths (spring moths). The spring pupe and spring 
moths, although the first to appear in the calendar year, are not 
designated as first-brood pupe and first-brood moths. The first- 
brood pupe and the first-brood moths appear later in the season and 
are the pupz and moths of the first generation. These may be con- 
veniently designated summer pupe and summer moths. 

The terms used for Maine conditions are defined as follows: 
Wintering larve: Include overwintering larve of the first and second 

broods. 
Spring-brood pupx: Include the pupe from the overwintering larve. 
Spring-brood moths: Include the moths from the spring pupe. 
The first generation includes: 

1. The first brood of eggs. 
2. The first brood of larvae, which includes 

(a) transforming larve; 
(b) overwintering larvee. 

3. The first brood of pup, or summer pupe. 
4. The first brood of moths, or summer moths. 

The second generation (not complete in Maine) includes: 
1. The second brood of eggs. 
2. The second brood of larve. None of these larve transform 

until the following spring. 
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SEASONAL-HISTORY STUDIES OF 1913. 

The codling-moth life-history investigations were conducted under 
outdoor conditions, so that the results obtained would represent, as 
nearly as possible, the normal life of this insect in the field. Accord- 
ingly the rearing work was carried on in an open shelter erected for 
this purpose. 

As a basis of comparison the laboratory methods were checked 
with field observations chiefly by means cf banded trees. The apple 
trees were prepared for banding by removing the loose bark from the 
trunk and main limbs. A burlap band of three thicknesses and about 
5 inches in width was then placed tightly around the trunk about 
3 feet above the base and held in place by an 8-penny wire nail. The 
larve were collected from these banded trees every three days. These 
larve hatched and fed under natural conditions, and hence their time 
of leaving the fruit and their subsequent life history should correspond 
with those of the larve reared by the laboratory methods. 

The general method for carrying out the life-history studies is 
illustrated in Plate II, figure 1. The cages used were large glass bat- 
tery jars covered with cheesecloth tops, which were held in place by 
rubber bands. In cage a (PI. II, fig. 1) are shown the racks in which 

the codling-moth Jarve have spun their cocoons. The details of these 
racks are illustrated in Plate II, figure 2, and described on page 4. 
Pupation is recorded daily and after the moths emerge the length of the 
pupal stage is computed. The moths are transferred daily from cages 
similar to cage a (PI. II, fig. 1), and confined within cages like 
cage b (Pl. II, fig. 1). The bottom of cage b is covered with 3 
inches of moist sand and contains fresh apple foliage and a sponge 
moistened with a sugar solution. The moths deposit their eggs upon 
the foliage, which is removed each day and the number of eggs 
recorded. The following data are obtained from cage 6b: (1) Days 
before egg deposition; (2) time of egg deposition; (3) length of ovi- 
position period; (4) total number of eggs; (5) average number of 
eggs per female; (6) length of life of male and female moths. 

In order to prevent curling, the leaves are placed between two 
pieces of wire screen until the leaves dry—cage c¢ (PI. II, fig. 1). 
They are then removed from cage ¢ to cage d (PI. II, fig. 1), in 
which cage the embryological changes and incubation periods are 
noted. Upon hatching the larve are transferred to cage e (PI. II, 
fig. 1). This cage contains apples placed within a wire container and 
also the racks in which the larve spin their cocoons. 

Since the time of entering the fruit is known and since the time of 
leaving is found by a daily examination of the cocoon racks, the 
length of the feeding period is thus established. By following the 
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successive stages of the codling moth through the series of five cages 
the life cycle is readily ascertained. 

It should be explained here that each table is a unit in itself. 
Successive tables are not necessarily continuations of the life history 
of all of the same individuals. For example, it will be noted that 
Table I is a record of the time of pupation of 753 wintering larve and 
that Table II includes observations on the length of the pupal stage 
of but 483 of these individuals. Differences of this character may be 
due to natural or artificial causes, such as to death, to accidental 

injury, to parasites, to the removal of specimens for other purposes, 
and to accidental escape of the moths during examination. 

WINTERING LARVA. 

The wintering larve, as stated in the definition of terms, comprise 
first and second brood larve. These larvee winter naturally in cocoons 
(Pl. I, fig. 1), usually beneath the loose bark of trees, in decayed wood, 

or in other similarly protected places on or about the tree. The larvee 
are inactive until spring, when they remodel their cocoons, so as to 
furnish exit tubes for the moths. (See PI. I, fig. 2.) The exit tube, 

which varies in length according to the exigency, assists the moth 
in successfully emerging from the cocoon. 

The codling-moth larve used at the laboratory were collected early 
in the spring of 1913. These larvee were secured from cider mills 
where they had spun up beneath the flooring and im other concealed 
places. The larve were then allowed to form new cocoons in racks 
such as are shown in the illustration (PI. II, fig. 2). 

These racks consist of two strips of soft wood, to the lower of which 
three narrow crosspieces are glued—one at each end and one in the 
middle. A thin piece of mica is then placed between these cross- 
pieces and the top strip and the whole is held together by two clamps. 
This makes it possible to remove the top strip and to observe the 
specimens through the mica. Referring to the illustration, it will be 
seen that there are artificial cells or compartments. The walls of 
these were first outlined with a little glue over which sawdust was 
sprinkled. Although more than one larva frequently spins up within 
the same chamber the artificial barriers serve to keep the larvee some- 
what separated. Such separation facilitates the recording of the 
observations. 

SPRING BROOD OF PUPA. 

Time of pupation.—Daily observations of the wintering larvee were 
taken and as each larva pupated its number was recorded upon the 
rack directly below the pupa. (Pl. Il, fig. 2.) In Table I is shown 
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CHART ILLUSTRATING THE LIFE HISTORY OF THE CODLING MOTH IN MAINE. 

Fic. 1.—Overwintering larva in cocoon. Fic. 2.—Cocoons remodeled by overwintering larve to 
form exit tubes. The upper cocoon contains a spring-brood pupa; the lower, a pupal skin from 
which the mothemerged. Fia.3.—A spring-brood moth. Fia. 4.—A spring-brood moth ovi- 
posing on leaf, showing first-brood eggs. Fic. 5.—A wormy apple containing a first-brood 
arya. Fia.6.—Cocoons of first-brood lary, one of which transformed to pupa. Fic. 7.—First- 
brood moth ovipositing on leaf, showing second-brood eggs. Fic. 8.—An apple showing where 
a second-brood laryvaentered theside, ‘Time to spray, as soonas petals drop. Toolate to spray, 
calyx cup closed. (Original.) 
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the time of pupation of 753 overwintering larve. It will be noted 
that the first larva pupated May 5, while the last larva under observa- 
tion did not pupate until July 7. Hence spring-brood pupation 
extended over a period of about: two months. The maximum 

% 0 
~ N 

MAY SUNE SULY 

Fic. 1.—Diagram showing pupation of the spring brood of the codling moth in 1913 at Winthrop, Me. 

(Original.) 

time of pupation was June 6, when 72 larve transformed. The 
greater part of the larve pupated during the first half of June. (See 
fig. 1.) 

TasLe I.—Time of pupation of overwintering larve, Winthrop, Me., 1913. 

eae Number ae di Number eee Number ae Number 

tion. of pupe. tion, |! PUbz- tion. | Of Dupe. tion, | Of Pupe. 

May 5 1 May 31 10 June 13 22 June 26 4 
May 6 1 June 1 29 June 14 28 June 27 10 
May 10 1 June 2 21 June 15 28 June 28 5 
May 14 2 June 3 38 June 16 20 June 29 4 
May 17 1 June 4 58 June 17 15 June 30 3 
May 18 1 June 5 63 June 18 20 July 1 5 
May 23 3 June 6 72 June 19 12 July 2 1 
May 24 2 June 7 56 June 20 11 July 3 1 
May 25 2 June 8 17 June 21 11 July 7 1 
May 26 3 June 9 12 June 22 9 
May 28 4 June 10 44 June 23 6 Total 753 
May 29 3 || June 11 39 June 24 if 
May 30 6 || June 12 38 June 25 3 

Length of the pupal stage-—The average length of the pupal stage 
of 483 individuals, as recorded in Table II, was found to be 19.03 
days; maximum, 44 days; minimum, 9 days. By reference to this 
table it will be seen that as the season advanced the length of the 
pupal stage was gradually shortened, due to higher average daily 
temperatures. 
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Taste II.—Length of the pupal stage of spring-brood pupx, Winthrop, Me., 1913. 

Num- marion Date of 
Length of the pupal stage in specified days. 

indi- 91g ‘ tion 7 9 
viduals. 10) 11}12)13)14])15) 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23]24) 25 

1 | May 17 eae eipalaiaaslasr: So Be eee Bee Seno Ben ee 
2| May 25 Ieee Les pies aie seal SMG Ue SR RR 
2| May 26 pani aa PAA esae bese aS Seee becbl eeioe Metelacel | aecieae 
1 | May 28 a a i Si reat AP He a ee PVC TS PR AL 
2| May 29 BG Ban eee a saun Es aeseael psec ese rh eae sel cls 
2| May 30 Hea ee see ean BS A NO SVG RURE Sy| s AD ah 
4 | May 31 Sie as se SISA SINT ESC ce CM NT Sp ea | 

UG) |p diwoaey osha 4loae BS Poel as Oe ATI eae UN SONA «aCe Hh 2 Ma Haade at MS a 
Si dwbaKs) Poe el oalleern SRaleee eee Ballacras|tonde tp es li Aull ea Ws ue 

TS) donee): SB) Ness iosallao- eo es |g eee ea | ese Eee peaeetea [se oicwtl [cal ae ful C6 UA Rye acl A 
BYP | dita), eye Sse clsee bavalts lees lactase | Lk PN WW) Wee e (ie 
42 | June 5 Le eae eS Soe Se Se, | Sek all haan ay | es a Oi isn a at 
47 | June 6 seats a FS ears (mati el learxestl coy /| Ni aA) Gi oP Ne 1 
Bi | dota) 7) Wose\oellase Ba Sales Sales 1 1] 12) 11 ree s leaa| aoe 
183) denne) “Se elloaclloec Bl Sel Saaleneclceocitcenal ty 24 4 6 iL |e 
NO jj dub, -O leos|aclee Cea eS tes ay eh ts(ete| 7 6 1 1 
1k dibs 20) |Sesicccloasilcoaiicas sie ee | (ees | aa OU te | ee fea 
OD || dona) I osollccalldecilcoollossllocallaacloceall 2 4) 13 5 1 
27 | June 12 Pi elt re car Pas ba Deee ages Leal CO MOIST Sal See Se lh es 
17 | June 13 Sealed stole aeallces| tesa 4 1 | 13 1 Ms eee lapelloos Bealls 
22 | June 14 Roar Mache yes | lh ke a I 9 PASS | eases Paso [ec ae 
21 | June 15 Ip [ees fees | eit eos fate eee hl Gyn Ibe Bee oe 
16 | June 16 eee GllSaalsaul acest ele Sinhely tbo al 2 Aces 
12 | June 17 SEEN sea ates Sec ieseses| eel Wessel MS il aig aoe lhe ogc, Bel eal eal ese 
16 | June 18 | ste hea LL 77983 2A GSD UL ep Smads ee 
8 | June 19 BO ES [A STE ALD aloes AUS a es a [a ara Beal seellase 

10 | June 20 Zpsse anu (ENE UE DS ceed inher yep | Sena tock 
9 | June 21 REN PSH ee era Ue eT GIs DN IT ees Ue | aU Stale acl = 
5 | June 22 Soe S alles eel asl hel eS aes) Saal oeal Saleel see 
5 | June 23 ee BO SSE el Gt Rh Looe Salas ese bocelsooulle Sell eee 
3 | June 24 oe brood (duel ta) eel tag Dee el] ERT] BES a ea | es Vas aoe 
3 | June 25 ae Bel Be Leper (eee Iemestehcal Ra) eh Lede Sees fe as Sale ei LE Bee 
4} June 26 Se eel dbs | pete eel ee Een eel Soe L Bios) 
8 | June 27 1 se at It ba apes |e oo lbs Tes ST esl eeeal ised 
3 | June 28 ae TLS es Ta 7 20 Re ata [ec Bailes 
4 |) June 29 |...]. NEI eee Th ll 2 2 S| ee |S Pea pe a 
1 | June 30 |. p SR [is 2 yh eB 0k 1 Sel A | | 
3| July 1 sf i lsse 105 [sn oe | oa ee 
He dhelhy 2 Boca eeelasallesallesallsocilcaaligaue STG] Sei | a 
I lly 7 Neoallege ik ese PER Bose usar acealece 

483 pupee -... 2/12] 6 16 )27 | 23 | 55 | 53 | 52} 51 | 99 | 68 11 | 2/1 

26 | 27 | 28| 29/31 

Aral cme Baissea) 

. 7 oan. Cote a oe) yoo 9 ao 1 io 0 6 oo 

_— 

Average length of the pupal stage, 19.03 days. 
Maximum length of the pupal stage, 44 days. 
Minimum length of the pupal stage, 9 days. 

SPRING BROOD CF MOTHS. 

Time of emergence of moths.—The first of the spring-brood moths 
emerged June 18, about two weeks after the petals dropped. The 
maximum emergence of moths occurred June 27—one month after full 
bloom. 

emergence record of 514 moths is given in Table ITI. 
The last of the spring-brood: moths issued July 20. The 

TasE III.—Time of emergence of moths of the spring brood, Winthrop, Me., 1913. (See 
jig. 2.) 

Date of 
asi Number 

gence. 

June 
June 
June 
June 
June 
June 
June 
June 

of moths. 

July 
July 

3 

Namiber Date of 

ofmoths. || ©™@er 
gence. 

74 || July 5 
27 || July 6 
39 || July 7 
32 || July 8 
50 |} July 10 
35 || July 11 
16 || July 12 
34 || July 13 

Number 
of moths. 

10 
14 
14 
5 
7 
3 
4 
4 

Number 
of moths. 

Roe 

514 
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Time of egg deposition. —As will be seen in Table IV, the first eggs 
of the spring-brood moths were laid on June 22, while the last ovipo- 
sition occurred July 
30. Hence the period 
of oviposition was ap- 
proximately 1 month. 
The average number 
of days from the time 
of emergence to the 
time of first oviposi- 
tion was 4.086 days; 
maximum, 14 days; 
minimum,iday. The 
average duration of 
the oviposition period 
was 14.086 days; max- 
imum, 26 days; mini- 
mum, 1 day. The 
average number of 

Ngee ee 
~~ NUNN ~ oN 

JUNE JULY 

Fic. 2.—Diagram showing emergence of the spring brood of moths 

of the codling moth in 1913 at Winthrop, Me. (Original. ) 

days from the date of moth emergence to the last date of oviposition 
was 16.739 days; maximum, 27 days; minimum, 6 days. 

TasBLe 1V.—Oviposition by moths of the spring brood in rearing cages, Winthrop, Me., 
1913. 

Sex Date of— 

Cage | tor of 
No. THiS Emer- First 

roi © | gence of | ovipo- 
moths. sition. 

f 2 | ee 18 | 
1 | 5 9 8 |;June 20 |;June 22 

\| 10 \June 21 
2 13 9 4} June 22| June 29 
3 13 9 4] June 23 |...do.--. 
4 19 12 7| June 24|...do.... 
5 41 16 25 | June 25| June 27 |... 
6 24 13 11 | June 26] July 3 
7 | 30 16 14 | June 27 | June 29 
8 | 38 12 2G) bee dOpe sa|22-d0se ae 
9 | 24 11 13 | June 28! July 1 

10 26 8 18 | June 29 |...do.... 
11 25 14 11 | June 30| July 2 
i2 25 10 15| July 1/|July 3 
13 18 7 LIVES: 22\-2 00... = 
14 81}' » 16 15| July 2/| July 4 
15 14 | 5 9) July 3] July 5 
16 28 15 13:| July?) 4 2tcdoxr. &: 
17 9 6 8| July 5] July 6)... 
18 13 3 10| July 6/]July 8 
19 11 | 4 7| July 7) July 11 
20 5 | 3 2|July 8| July 18 
21 5 | 1 4| July 10] July 17 
22 4 | 2 2) July 12} July 15 
23 3 1 2} July 13) July 17 
24 4 2 2) July 15} July 21 

Number of male moths......-.. 204 | Averago.. 
Number of female moths....... 236 | Maximum 
Total number of moths... 

—— 

secese 440 Minimum 

Last 

ovipo- 
sition. 

Number of days— 

qe 
ate of 

Baiore Of ovi- | emer- 
Sitibn, | Position. | gence to 

; last ovi- 
position. 

_ 

— 
PS OWMOS NRHN NNNHNWNWNHATNOOsI 
=>) 

ry © 

14. O86 
26 
ibe 
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Number of eggs per female.—No attempt was made to isolate 
fertilized females for the purpose of securing individual egg-laying 
records. However, by dividing the number of eggs laid by the 
number of female moths the average was computed. In Table IV 
it will be seen that 236 female moths were confined with 204 males 
in 24 cages. A few eggs were laid upon the sides of the cages, but 
these were not included in the computation. The number of eggs, 
exclusive of those laid upon glass, was 7,546, which number when 

divided by 236 gives an average of 31.974 eggs per female. 
Length of life of moths.—Observations on the length of the life of 

191 male moths and 229 female moths are shown in Table V. The 
average life of the male moth was 10.685 days; of the female, 12.253 
days. Maximum number of days for male moth 34, for female 38; 
minimum number of days for male moth 2, for female 2. 

TaBLe V.—Length of life of male and female moths of the spring brood in captivity; sum- 
mary of records of 420 individual moths, Winthrop, Me., 1913. 

Male. Female. Male. Female. 

Length] Number Length| Number || Length) Number ees Number 
of life. | of moths. | of life. | of moths. || of life. | of moths. | of life. | of moths. 

Days. Days Days. Days. 
2 3 2 1 22 2 22 1 
3 7 3 5 23 2 23 5 
4 5 4 4 24 0 24 3 
5 15 5 12 25 1 25 2 
6 15 6 11 26 0 26 1 
7 20 7 18 27 2 27 il 
8 22 8 13 28 0 28 2 
9 24 9 24 29 0 29 2 

10 13 10 20 30 1 30 0 
1 5 11 20 31 2 31 0 
12 7 12 15 32 0 32 2 
13 6 13 3 33 0 33 0 
14 9 14 19 34 2 34 0 
15 5 15 10 35 0 35 0 
16 6 16 9 36 0 36 0 
17 4 17 6 37 0 37 0 
18 1 18 5 38 0 38 1 
19 5 19 3 
20 4 20 7 191 | 229 
21 3 21 4 | 

| 

Average length of life of male moths, 10.685 days; female moths, 12.253 days. 
Maximum length of life of male moths, 34 days; female moths, 38 days. 
Minimum length of life of male moths, 2 days; female moths, 2 days. 

THE FIRST GENERATION. 

FIRST BROOD OF EGGS. 

Length of incubation.—During the period of oviposition a record 
of 7,546 eggs was kept. Of this number 7,493 (99.29 per cent) 
hatched. The average number of days from the time of oviposition 
to the appearance of the red ring was 2.507; maximum, 5 days; 
minimum, 2 days. The average time elapsing from the time of 
oviposition to the appearance of the black spot was 5.580 days; 
maximum, 7 days; minimum, 4 days. The average incubation 
period was 8.874 days; maximum, 10 days; minimum, 6 days. 
The results are given in Table VI. 
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TasBLeE VI.—Length of incubation of first brood of eggs, Winthrop, Me., 1913. 

Date— Appearance of— 

No. of | Num- Incuba- | Num- 
observa- | ber of _ nee ewan oe wiles eR ape 

tion. eggs. epos- e ac e ack eriod. ead. 
ited. ring. spot. Baas ring. spot. E 

Days. Days. Days. 
1 bSpeaoae June 22} June 26 | June 29| July 1 4 7 QR esate 
2 1 | June 24 | June 27 |..-do-...|-... do....- 3 5 (0 Beieae ees 
3 Bleeeetecee 
4 (MN oe eee 
5 Bi ealerate 
6 Galkeigss ee 
7 7 1 
8 Guleee ees 
9 Tale eee 

10 yeas Se eB 
11 ell 23 Rost e 
12 Giultts: Sana 
13 CAle ayers 
14 (Oi dae 6 
15 dh Bees 
16 Sileaeeees 
17 Gill aoe ess 
18 Tea peas 
19 Saleen es 
20 UgHebeGSeee 
21 8 19 
22 (Gita ass 3 
23 Bia ae cae 
24 9 4 
25 Ue seneeceaes 
26 9 5 
27 Silla scenes 
28 Oa ee 
29 10 3 
30 & |sosccecs 
31 CUeessasoe 
32 NOP ack 
33 Sole Rees 
34 OyleEN. So 
35 lilac eee 
36 9 5 
37 Builecmccisins 
38 @) oases ace 
39 etilmctacetcre 
40 Oe eR ER. 
41 Sheet as 
42 9 6 
43 (a lbiteacece 
44 Shit aperrer 
45 9 1 
46 Bik berets 
47 9 1 
48 Uf Nome tee 
49 } sooocoon 
50 Whi paatae see 
51 8 2 
52 Claoceecele 

53 B ocsosac 
54 ( epesaee 

| 55 | 8 1 
56 | 10 | July 19 | July 22] July 24 | July 25 3 5 Y Ae aatic 

p 7 
8 
7 
8 
i 
8 

| 7 
| 7 
| if 
| 8 
| 7 
j 8 
| 7 
| 8 
| 7 
| alle 
| 8 |. 

8 

| 
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25.925 days; maximum, 49 days; minimum, 16 days. The average 

feeding period for 140 male larve was 24.621 days; maximum, 46 
days; minimum, 16 days. The average for 207 female larvee was 
26.371 days; maximum, 44 days; minimum, 19 days. Remainder 

of larvee—sex undetermined. 

Taste X.—Length of feeding period of wintering larve of the first brood, stock-jar method, 
Winthrop, Me., 1913. 

[Figures in parentheses ( ) denote sex undetermined.] 

Length of feeding period in specii_ed days. 

Date of 1 
Number of F 9 z 
sa AGETIS. eee 16 19 20 21 22 23 24 25 26 

GQ S | SS OVS! Viele es | Pl gegiVle;eiese 

(ia ya aeee diay lasaa|lagas||6anallcocalle Saaloosallbaco|iasoallsaséllonoc BREE ees a ie Gal eeleeeallocooliscss 
be Seger dwt, © @ leorcllssco|lacosllaccalle agalsasal adasilacoasess|boae 1 ReRollacas| ieee orsllsGos\ sce ae, 
()o rae Sse cae y Alar 76 sseeleonal posal Saesisoaal|s : Wt Sosa ae eoseliems Wl KAD Sa Tbe Se SOI oSllonec 
eae eaneea AAD hs esa seco basa Baeel|soael seas baocldass Lal ese sacelicoiiees PPPS soot 2 1 
a ashe Si a dull © O lescallsaas|boodleose pacllbsoulledec BS fem ea es Shoe esa sacri erdulapsolt lbllacea] i 
BO Met Uw? WO) escaliscoallacaclloaoe De lil el oes alee lseras| ater 3/41} 4) 4] 1) Q)} 2 2 
UB are See ees diwiltyy it [esésllbooalleedollasosllcaccllooaalloosaloosallbadd 2) 1 Wy eeellseeraiie race dl) oa ce 1 
D5 RRR We, uly 1 (eos eoe ea solooealls LAL ERTS OUD SOME ISO CN 3 11a SS AS a 
1B sae Sie ivy? 383 ssoallaocollocaslice Holadsalbecaliueslipcso| sob ioseel lie ee alesse 4 leSoall doll - ll 1 
TERS a yolk WM Wes4boselhooe soe Ekeal TM eSsa Be GSAS) YP RGD eee | a 
AN ee ele July 15 |-..- SE Ss a a as BP 2 exe al al | Gy), 

Gand SoasAND July 16 |....|. Bt Fg ESPN SAP ER ET GEM 1c 05 Ch) ERAN OT at | I 
GES Se aes! Juliya7e | eaes|= Boas Baal seed easel |segal seca scaly lessol etaiiisoalaecoll: IL loscoleace 
PTAA BOB iene July 19 |..--}. Lee | A 1 3 |8(1)}----| 1 7. Mo Nescall dk fseocllones|ocos op00 
Dia ete ae oe July 20] 1 |. Bo} i \beaalbseelooel Sy Mi Oy | AW@ Wiescal Biecc-  @ 
as BR July 21 |-...). BSS TeS6 Soce sodel lan sl bacnieceqimacesl aca lmad Mee Sb Iseeell Ik Wscos]  B 
OES Ae caseee July 23 |- Be Sees sree Gace Seca sco soos Sosa CON Me Booliasaall dd. looos 
TERS 2 so eal July 24 |. 3 DARE OCS SIN STATE SPAT AC Se S2OUNT Ra eee (aes 2 
VARS SSS oo Uwihy FS Seallsacallbscclooacliac Saas salts el bemeisaee loses BAA ISBeO eee || ssaliedoo|loas ~ 
a ee ce ea July 26 |. SAE (Nyy RR ES See ON oe AOL eee Ges (Se Gull socc 
Cae eee July 27 |- Bese eee Heese eal aaa eee scl eerelncealine dale aealigns s Peet Wacoal ily th 
Gees epee ae July 28 x 1 8 NEN ep Tea aH EI Ds) 1G eh Ty | i 
is Geouededdee July 29 ].-. Saline Geese eae PB leocoll kD Gilesosisacslisoo-| (2) a 
AS ari le Voli, BO Weecaloc aI naleeee esol mlbelts « IU ees sesallocoolsoasl 8) soso] dhlaode 
2eascboaceus July 31 |. - Pea SSaasnod ESaslosselleudst>ssulloce 2 dollgdsalescaicdac 6 
Pp SHOGAGGOGE Aug. 1 |- Bee SAAR AE easel acte| meal ieee - BEE ele sisete| eee 
BSG EEBCRaaOe Aug. 3 |. a I es a 1 Be (OD ese cllaccallooda 
Deanne Nore, 2 \e556 i S| ea ee se fa Bee ee aCe Sees lll 9) 
Dare ae Aug. 6 ae | SSS SISSON Sek. ees aes HCL) eda ee ee 
I os6accn6e0 INGE, Q'|Iecad|s05q||o0calloae 4|ocas|soaa|e 23¢|o008|e"e|ledcu acca (GHileeeeliscos|lscualloces 

S00) GF Btatel Os scoancosa 1!} O} 2! 38/11! 6] 16) 9) 14) 21 | 15 | 20 | 26) 28 | 15! 16) 9! 24 

Sex undetermined ......]........|.......- | 1 Ler leg sie 5 8 3 3 

otal teres aeee 1 5 18 26 35 40 62 34 36 
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TABLE X.—Length of feeding period of wintering larvx of the first brood, stock-jar method, 
Winthrop, Me., 1913—Continued. 

Length of feeding period in specified days. 

Date of | | cs 
Aualer of, entering 27 23 | 29 30 31 32 33 34 35 
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Tasie X.—Length of feeding period of wintering larvx of the first brood, stock-jar method, 
Winthrop, Me., 1913—Continued. 

Length of feeding period in specified days. 

Number of Die Ot 7 peidanls Cee 36 37 30m | 39 40. | 48 44 46 
5 uit. 

ay 

a 
| a cee 

ay +O 

‘ Oy 

ay * “a 5e) ay +0 Qy 10 

Average feeding period, 390 male and female larve, 25.925 days; 140 male larve, 24.621 days; 207 female 
larve, 26.371 days. 
Maximum feeding period, 390 male and female larve, 49 days; 140 maie larve, 46 days; 207 female 

larvae, 44 days. 
Minimum feeding period, 390 male and female larve, 16 days; 140 male larvee, 16 days; 207 female 

larvee, 19 days. 
e 

Length of the feeding period of wintering first-brood larve (watered 
stock-jar method).—As shown in Table XI, the average feeding 
period of 260 male and female larvyze was 26.569 days; maximum, 41 
days; minimum, 19 days. The average for 111 male larve was 26.315 
days; maximum, 40 days; minimum, 19 days. The average feeding 
period for 123 female larve was 26.463 days; maximum, 41 days; 
minimum, 20 days. Remainder of larve—sex undetermined. 
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TaBLeE XI.—Length of feeding period of wintering larve of the first brood, watered stock- 
jar method, Winthrop, Me., 1913. 

[Figures in parentheses ( ) denote sex undetermined.] 

Length of feeding period in specified days. 
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TaBLe XI.—Length of feeding period of wintering larvex of the first brood, watered stock- 
jar method, Winthrop, Me., 1913—Continued. 

Length of feeding period in specified days. 

Date of 
Number of individuals. entering 34 35 36 37 38 40 41 

fruit. 
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1S See pack SURGES SOO URE Ramee July 17 Bioe eee oe Tb Mere Peet | a ee ete es alts 1 

OREe eRe ee eee eee July 18 Z z Bleyai|late tes |Seedllsdec||ass Felis se 
1 ES i eee es ete ren Set July 20 |.. eal en cleo h seo eeetel [siege Jalyee aa | Sages 
1G Codacnseoresdooneneracsos dw, Pb sSallssoallescallacos Bebe f ales wee ealeeee eee 
Gs Gbaguodeserabascodeeunaduda a duly 220 eee alsaael sess BG Baboled sie | So mcleee Sais 

Ne CEE Ca cen aCeBHaaetecaBcaresc July 23} 2 1 Alesse sees : @\iscocllos ae 
1 eRe badocd obastecten aaeaeaTess Ab HL ee esllocsullscacllosoas pelos & cls scale tea cece meer ope 

Wigemest Seta ee see cece July 25 |.- rilgeaeleaee ae z 3 Ballees Ses 
Usanccbdaascoasdosoebaeccaces 4 Awlhye: PSs eo oollscasllosecllsaas : 3: Salecee eee eee saleseale aie 
Bo ccoouocdascassosoondessescce bls PX \lsacollacoa|isacallouas eae 

2COr sean Owes sana seen ees ASE BEE OP Sas RODE Eee Sie al ae Sera ce | sees] ci | ree ee 
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Average length of feeding period, 260 male and female larve, 26.569 days; 111 male larve, 26.315 days; 
123 female larve, 26.463 days. 
Maximum length of feeding period, 260 male and female larve, 41 days; 111 male larve, 40 days; 123 

female larve, 41 days. 
Minimum iength of feeding period, 260 male and female larvee, 19 days; 111 male larve, 19 days; 123 

female larvee, 20 days. 

Length of the feeding period of wintering first-brood larve (bagged- 
fruit method).—Table XII shows that the average feeding period of 
236 male and female larve was 32.572 days; maximum, 49 days; 
minimum, 19 days. The average for 93 male larve was 29.182 
days; maximum, 49 days; minimum, 24 days. The average for 126 
female larve was 35.492 days; maximum, 46 days; minimum, 19 
days. The sex of the remainder of the larvee was undetermined. 
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Taste XII.—Length of feeding period of wintering larve of the first brood, bagged-fruit 
method, Winthrop, Me., 1913. 

[Figures in parentheses ( ) denote sex undetermined.] 

Length of feeding period in specified days. 
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Taste XII.—Length of feeding period of wintering larve of the first rood, bagged-fruit 
method, Winthrop, Me., 1913—Continued. 

Length of feeding period in specified days. 
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Average length of feeding period, 236 male and female larve, 32.572 days; 93 male larvee, 29.182 days; 
126 female larve, 35.492 days. 
Maximum length of feeding period, 236 male and female larve, 49 days; 93 male larve, 49 days; 126 

female larve, 46 days. 
Minimum length of feeding period, 236 male and female larve, 19 days; 93 male larve, 24 days; 126 

female larve, 19 days. 

It will be noted that the larve which transform during the same 
season as hatched have, upon an average, a shorter feeding period 
than those which do not transform until the following spring. The 
average feeding period for 30 transforming larve of the first brood 
was 23.432 days; the average feeding period for 886 wintering larve 
of the first brood was 27.884 days. It will be further noted that in 
every instance, except one (Table VII), the average feeding period 
of the female larve was longer than that of the male. In the ex- 
ception cited the result is not considered conclusive, owing to the 
small number of observations. 

Larval life in the cocoon.—The time of making the cocoon is cal- 
culated from the time a transforming larva leaves the fruit until it 
has pupated. The average time consumed in constructing the 
cocoon was 6.566 days; maximum, 13 days; mimimum, 2 days. (See 
Table XIII.) 
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TasLe XIII.—Length of the pupal stage of the first brood, Winthrop, Me., 1913. 
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FIRST BROOD OF PUPA’ OR SUMMER PUPA. 

Time of pupation.—The earliest pupation of the first-brood larve 
occurred July 30, the latest August 22. (See Table XIII and fig. 3.) 
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Fic. 3.—Diagram showing pupation of the first brood of the codling moth in 1913 at Winthrop, Me. 

(Original. ) 

Length of the pupal stage.—The average length of the first-brood 
pupal stage, as shown in Table XIII, was 15.066 days; maximum, 
19 days; minimum, 12 days. 

FIRST OR SUMMER BROOD OF MOTHS. 

‘yi; ~* 

Time of emergence.—¥irst-brood moth emergence commenced 
August 7, as shown in Table XIV. The last moth of the summer g } 
brood emerged September 6. As previously stated, the number of 
first-brood larvwe transforming in Maine is comparatively small, and 
hence the summer brood of moths is small. (See fig. 4.) 
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TABLE XIV.—Time of emergence of moths of the first or summer brood, Winthrop, Me., 
1913. 

Date of Total Date of Total 
emergence. | emergence. || emergence. | emergence. 

Aug. 7 1 Aug. 23 4 
9 3 24 2 

11 1 25 1 
13 3 26 4 
16 1 27 2 
17 5 31 2 
18 2 Sept. 1 1 
19 2 6 1 
20 1 

36 

Time of oviposition.—The first eggs of the summer-brood moths 

were deposited August 15, the last were laid September 25. (See 

Table XV.) 
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Fic. 4.—Diagram showing emergence of the first brood of moths of the codiing moth in 1913 at Winthrop, 

Me. (Original.) 

Taste XV.—Time of oviposition of the first or summer brood of moths, Winthrop, Me., 
1913. 

CAGE NO. 1. 

Death of | Death of 
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1 One moth escaped from cage No. 1, 2 from cage No. 2. 
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TaBLE XV.—Time of oviposition of the first or summer brood of moths, Winthrop, Me., 
1913—Continued. 
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Number of eggs per first-brood female moth.—This data was obtained 
by dividing the total number of second-brood eggs (1,013) by the total 
number of female moths kept in confinement. These figures show 
that the average number of eggs per female was 53.316. 

LENGTH OF LIFE CYCLE OF THE FIRST GENERATION. 

In view of the fact that three methods of taking codling-moth feed- 
ing records were used, it became necessary to give the life-cycle results 
in three separate tables—Tables XVI, XVII, and XVIII. These 
tables include the life cycle of the insect from the time of egg deposition 
to the emergence of the moth and, as recorded therein, the life cycle 
according to the stock-jar method was 47.818 days; watered stock-jar 
method, 53.500 days; bagged-fruit method, 54 days. The complete 
life cycle extends from the time of the deposition of the egg of one gen- 
eration to the deposition of the egg of the next generation. Hence, 
in order to get the number of days for the complete life cycle the time 
elapsing from the emergence of the moth to the first oviposition— 
approximately 4 days—should be added to the above figures. 
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TaBLe XVI.—Life cycle of the first generation of the codling moth, as observed by rearing 
at Winthrop, Me., 1913, stock-jar feeding method. 
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7 |...do ..-.| July 31 9.-..| Aug. 6] Aug. 19 6 24 6 13 49 
8| July 3) July 10| July 30 Q...; Aug. 5 | Aug. 20 7 20 6 15 48 
9 |...do- .do....| July 31 9...; Aug. 9 | Aug. 23 7 21 9 14 51 

10 | July 7] July 15] Aug.3 Q..-.| Aug. 15 | Aug. 30 8 19 12 15 54 
11 | July 11] July 19 | Aug. 5 9 ..| Aug. 11 | Aug. 26 8 17 15 46 

IMYSECOS Go due spe node socebosoononucasdcoadesusaccossone 6.545 |20.454 | 6.545 |14. 272 |47. 818 
Wiep-daMbeNE sooosoaeoundcHaoeuoRoOOsUoanoLonobaedSdee sands 8 24 12 15 54 
MIMI ee ciee eile sistyaee isis aisle teenie ee ee ee Ceara 6 17 4 12 41 

1 Add 4 days for complete life cycle. 

TasLe XVII.—Life cycle of the first generation of the codling moth, as observed by rearing 
at Winthrop, Me., 1913, watered stock-jar feeding method. 

Date of— * Days for— 

| No. of : 
obser- 7 is ae 
va- arva mer- ak- . H Egg dep- « P Pupa- Hatch-| Feed- | : Pupal | Life tion. Dr Hatching.| leaving * gence . . ing of . 

osition. ans PRTEEE, tion. ofmoth.| 18: ing. | cocoon. period. | cycle. 

1} July 1] July 7} July 292|] Aug. 3) Aug. 17 6 22 5 14 A7 
PD |oosOlOss Os a5 4) Vwhree oooCl@s.sodloasGMs cba 6 23 4 14 47 
3| July 2/|July 8] Aug. 33} Aug. 9] Aug. 23 6 26 6 14 52 
4 |...do. 0. Aug. 8 | Aug. 10} Aug. 26 6 31 2 16} 55 
5| July 3] July 10 | Aug. 62] Aug. 13 | Aug. 31 7 27 7 18 59 
6| July 4] July 11} Aug. 33} Aug. 16} Sept. 1 7 23 13 16 59 
7| July 5 | July 12} Aug. 22] Aug. 9] Aug. 24 7 21 7 15 50 
SO one@s s4llesc do Aug. 32} Aug. 10} Aug. 25 a 22 Zi 15 51 
9 do. Aug. 73 | Aug. 14} Aug. 29 7 26 7 15 55 

10 | July 8] July 16 | Aug. 103} Aug. 22 | Sept. 6 8 25 12 15 60 

JANOS Os ngs SoobosseSessoesseKseonuscqansoooscconcaée 6.7 24.6 7 15.2 | 53.5 
Masciimi tim) sho 2 eae hae Saac ciee aa ere eee Cee ees 8 31 13 18 60 
Giang NR Beer Sor aaa EE eq uMEe a ene sacquueoS 6 21 2 14 47 

1 Add 4 days for complete life cycle. 2 Male. 3 Female. 
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Taste XVIII.—Life cycle of the first generation of the codling moth, as observed by rearing 
at Winthrop, Me., 1913, bagged-fruat feeding method. 

Date of— Days for— 

No. of 
obser- = tae 
va- arva mer- ak- . . Egg dep- : : Pupa- Hatch-| Feed- | ; Pupal | Life 
tion. EAS Hatching.) leaving . gence . . ing of = 

osition. Sil Ratenite tion. of moth. | 128: ing. | cocoon. period. | cycle.! 

1| June 26| July 3 | July 27 | July 30| Aug. 14 7 24 3 15 49 
2| June 28} July 4/ July 302} Aug. 9 | Aug. 26 6 26 10 17 59 
3 |.-.do....|...do....| July 312} Aug. 8} Aug. 27 6 27 8 19 60 
PaleeeGOse || -200s. 2 ie dors 22 VA eG) |p Amein23 6 27 6 17 56 
5 |...do...-|...do....| Aug. 32] Aug. 11 | Aug. 26 6 30 8 15 59 
6 | June 29 | July 5) July 303} Aug. 4] Aug. 17 6 25 5 13 49 
Meee dOse |e dO nn~ oi Aes 2/2) | ASS. Shane) 27, 6 28 6 19 59 
8| July 1] July 7 | July 313) Aug. 4 | Aug. 18 6 24 4 14 48 

| 9| July 31 July 10 |...do.3..| Aug. 5 | Aug. 19 7 21 5 14 7 

| PAV OL ALCS Feo mcr aia eraielnts iasidin} oe ca te ete SRA eee 6.222 | 25.777 | 6.111 | 15.888 | 54 
[Mapsco forse oss so een Oe ettltec nine cee aeek 7 30 10 | 19 60 
IRENE ET es Oe ee caaicca sas ats oe tas Sams Soe 6 21 8) |e 13 47 

1 Add 4 days for complete life cycle. 2 Male. 3 Female. 

As shown in Table XIX, which is a summary of Tables XVI, 
XVII, and XVIII, the average of the life cycles was 51.566 days. 
The complete life cycle would be about 55 to 56 days. 

Taste XIX.—Summary of the life cycle of the first generation of the codling moth, 
Winthrop, Me., 1913. 

Days for— 

Number | Larval 
of obser- | feeding ; | : 
vations. | method. | Hatch- Feeding. Making | Pupal | Life 

ing. of cocoon.) period. | cycle.1 

11 A 6. 545 20. 454 6.545 14. 272 47. 818 
10 B 6. 700 24.600 7.060 15. 200 53. 500 
9 C 6. 222 25. 777 6. 111 15. 888 54.000 

30 |} A+B+C 6. 499 23. 432 6. 566 15. 066 51. 566 

1 Add 4 days for complete life cycle. e 
A, stock-jar method; B, watered stock-jar method; C, bagged-fruit method. 

THE SECOND GENERATION. 

SECOND BROOD OF EGGS. 

Length of incubation.—Observations on the period of incubation 
extended from August 15, when the first eggs of the second brood 
were deposited, until October 15, when the last of the eggs of this 
brood hatched. <A total of 1,013 eggs were laid, of which number 
972 (95.9 per cent) hatched. The average incubation period was 
11.862 days; maximum, 23 days; minimum, 7 days. The average 
time for the appearance of the red ring was 2.884 days; maximum, 
7 days; minimum, 1 day. The average time for the appearance of 
the black spot was 9.069 days; maximum, 18 days; minimum, 5 
days. The incubation observations are recorded in Table XX. 
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Taste XX.—Length of incubation of second brood of eggs, Winthrop, Me., 1913. 

Date— Appearance of— 

No. of Incu- | Num- 
obser- uot de bation | ber 
vation. 88S: | Depos- Red Black |yatchea.| Red | Black | period.| dead. 

ited. | ring. spot. “| ring. | spot. 

Days. | Days. | Days. 
1 10 8 
2 28 
3 10 |- 
4 15 
5 48 
6 17 
1 Sl | eee 
8 TOs |Eee 
9 7 

10 2 
11 5 
12 86 
13 3 
14 26 
15 ebb ate) 
16 1 
17 3 
18 16 
19 16 
20 42 
21 36 
22 9 
723: | aegebeuse||Sassbeadcor 
24 5 
25 28 
26 | 4 
27 61 
28 9 
29 22 
30 30 
31 15 
32 12 
33 31 
34 15 
35 11 
36 109 
37 16 
38 | 1 
39 4 
40 24 
41 2 
42 48 
43 16 
44 5 
45 6 
46 2 
47 27 
48 3 
49 32 
50 7 
51 8 
52 2 
53 4 
54 1 
55 8 
56 4 
57 4 
58 a ee 
59 | 6 

BAVC LES Cts ee pate ee nt Ur acre ON a a 
Maximum 
MANIATIS a heat ciate i iaee cee Sa ee ne eee 
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SECOND BROOD OF LARV2. 

Time of hatching—By reference to Table XX it will be noted that 
second-brood codling-moth eggs were hatching from August 23 to 
October 15. Hence the larve were hatching over a period of nearly 
two months. 

Length of feeding period.—Observations on the feeding period of 
the second-brood larve are given in Table XXI. Although hatching 
continued until October 15, none of the larve which entered the fruit 
later than September 11 matured. The first of the second-brood 
larve left the fruit September 25, the last November 21. The aver- 
age feeding period for all larvee was 49.160 days; maximum, 77 days; - 
minimum, 31 days. The average feeding period for 47 male larve 
was 46.659 days; maximum, 77 days; minimum, 31 days. The 
average feeding period for 57 female larve was 50.245 days; maxi- , 
mum, 72 days; minimum, 33 days. It will again be noted that the 
feeding period of female larve is longer than that of the male. 

Taste XX1.—Length of feeding period of second-brood larve, stock-jar method, Winthrop, 
Me., 1918. 

[Figures in parentheses ( ) denote sex undetermined. ] 

Length of feeding period in specified days. 

36 
| Date of 
enterin; 

fruit. 

| Number 
of indi- 
viduals. 

31 37 38 39 

SS oe || eh cs 

_ 

mw SO O"10 WO 

20 

106 g and 9. 

Sex undetermined. 

93036°—Bull. 252—15—_—4 

ee eee ees 

ee eee ee ee 
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TaBLE XXI.—Lengthof feeding period of second-brood larve, stock-jar method, Winthrop, 
Me., 1918—Continued. 

, Sex undetermined.|.:...... 

Length of feeding period in specified days. 

42 43 44 45 46 47 48 

eth) be 

WNW AANEPNWOr WO MOTO 0960 

R i) ks} ot 

— 

Sept. 

_Number 
of indi- | entering 
viduals. 

Date oi 

fruit. 

Length of feeding period in specified days. 

51 52 53 54 55 56 58 61 

hr LO ml 

NWO WO O71 Co CO 

= icje) i) (ee) 

on nm @ 3 + 

106 $ and 2.) 

= 

oN 

a2) oO ko} o 

moO CP Whe 



ete ae 

LIFH HISTORY OF THE CODLING MOTH IN MAINE. ot 

TaBLe XXI1.—Length of feeding period of second-brood larvx, stock-jar method, Winthrop, 
Me., 1913—Continued. 

| Length of feeding period in specified days. 

Number} Date of 
of indi- | entering 64 65 66 69 70 71 72 75 77 
viduals. | fruit. 

slelelelelelelelelelelelelelalelale 

_ 

mWO ONTO COW 

let ho 
Nws 

ul sows (blened 

106 

Average length of feeding period, 106 male and female larvee, 49.160 days; 47 male larve, 46.659 days; 
57 female larve, 50.245 days. 
Maximum length of feeding period, 106 male and female larve, 77 days; 47 male lary, 77 days; 57 

female larvz, 72 days 
um eaeae ‘of feeding period, 106 male and female larve, 31 days; 47 male larve, 31 days; 57 

female larve, 33 days. 

BAND RECORD EXPERIMENT, 1913-14. 

As previously stated, the collecting of codling-moth larve from 
banded trees serves as a basis for comparison of the larve living 
under natural conditions with those reared under laboratory condi- 
tions. As shown in Table XXII, the first larve left the fruit of the 
banded trees July 21, while the last were collected October 13. The 
first of the larve reared at the insectary left the fruit July 25. 

Out of a total of 1,012 larve collected from the bands, but 8 larve © 
(less than 1 per cent) transformed during 1913. One parasite 
(Ascogaster carpocapse Vier.) emerged in 1913. 
Owing to the exceptionally severe winter of 1913-14 the mortality 

of the wintering larve was very high. It was computed that 81.52 
per cent of the larve were killed, due to the low temperatures. 

In the spring of 1914, 82 moths and 96 parasites emerged. The 
parasites were all of the species Ascogaster carpocapse. Vier. 

The well known codling-moth enemy Tenebroides corticalis Melsh. 
was frequently found attacking the larve beneath the bands. 
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TapLe XXII.—Band record experiment, Winthrop, Me., 1913-14. 

Number | Number | Number | Number} Total 
Riga | EOS Beet of of para- of of para- | number 
record, | Collect- a moths, sites, moths, sites, dead 

We ABB a lanvee: - ls sroist 1913. 1914. 1914’ | larvee. 

| 1 | July 22 2 2 ew a Seren | Oe case S| eee 0 
2 | July 24 3 GY poe seede aa|2ceoensba8|seseqcsse- 0 
3 | July 27 4 2 IW eS eosesee clsscacccade 1 
4 | July 30 5 WW bedsesaesaltenssocascllbosccososs 4 
5 | Aug. 2 11 Ten Beige: 10 
6 | Aug. 5 iter [SPEEA IETS AOU SEUNG eee 1 4 
7 | Aug. 8 4 2 2 0 
§ | Aug. 11 15 2 2 11 
9 | Aug. 14 25 2 4 19 

10 | Aug. 17 46 3 5 38 
11 | Aug. 20 92 8 10 74 
12 | Aug. 23 102 6 13 83 
13 | Aug. 26 70 1 14 55 
14 | Aug. 29 78 5 8 65 
15 | Sept. 1 Q4 3 8 85 
16 | Sept. 4 123 5 i 107 
1 si) OG 77 6 7 64 
18 | Sept. 10 51 7 5 39 
19 | Sept. 13 SI) |[boneocassulleosesonece 10 1 27 
20 | Sept. 16 teal Pe mee el Gene GCG 5 4 17 
21 | Sept. 19 Dyfed ae Seni ueol ene cascos 4 1 22 
22 | Sept. 22 118) |leccoceaccollscocesseed 2 0 il 
23 | Sept. 25 SS Wessosocosd|lesopedccee ZA |sooososecs 28 
24 | Sept. 28 1 |lscseoorcsallscossscsas 6) fal Becooueone 10 
25 Oct. 1 DPR sakes SacgaliseccosTeD} Dh Glace sieisiace 20 
26 Oct. 4 I) lesscassesellacoccuccce La Seas 9 
27 CGis = 7 Ib Saas sa ssleeeaosoace 1 at eee Se 10 
28 | Oct. 10 Or] aeeenl eee sR a eae 8 
29 | Oct. 13 (Yo Wseencsessellsecosccose (Oe See eae 6 

ANAS eee bee 1,012 8 | 82 96 825 

Parasites, A scogaster carpocapse V ier. 

SEASONAL-HISTORY STUDIES OF 1914. 

The life-history studies of the codling moth which were com- 
menced in 1913 were continued during the season of 1914. Although 
the notes secured in 1913 were complete in themselves, it was con- 
sidered desirable to extend the observations over a period of at least 
two seasons, in order to note any differences in the behavior of the 
insect due to climatic variations. All of the explanations and 
descriptions of the methods used in the studies of 1913 are applicable 
to the investigations of 1914. 

SOURCE OF REARING MATERIAL. 

The overwintering larve consisted of the larve which were reared 
under laboratory conditions and the larve collected from the banded 
trees, as well as miscellaneous larvze which were secured from wormy 
apples. The miscellaneous larve passed the winter in corrugated 
paper strips, while the remainder of the larve wintered in the 
“cocoon racks.’ The larve were kept under normal outdoor 
conditions throughout the winter. 
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WINTER-KILLED LARV. 

Owing to the low temperatures during the winter of 1913-14 a 
high mortality of the codling-moth larve occurred. The number of 
larve from the banded trees killed by the winter temperatures is 
estimated at 81.52 per cent. The number of winter-killed larve 
which had been reared under laboratory conditions was 86.61 per 
cent. -The United States Weather Bureau, Climatological Report 
for the New England section, January, 1914, makes special mention 
of the cold wave on January 13 and 14. This report states that “ 

REGU ORERAURRAGURERUURRAULE 
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Fic. 5.—Diagram showing pupation of the spring brood of the codling moth in 1914 at Winthrop, Me. 

(Original. ) 

many stations of long record all previous minimum temperatures 
were exceeded on these dates.”’ 

SPRING BROOD OF PUPA. 

Time of pupation.—The first of the spring-brood larve pupated 
May 20, the last July 6. (See fig. 5.) Maximum pupation occurred 
on June 12, when 20 larve pupated. In the preceding year the 
maximum pupation took place on June 6. (See Table XXIII for 

the time of pupation.) 

Taste XXIII.—Time of pupation of overwintering larve, Winthrop, Me., 1914. 

| 
ae Number gla | Number Dee | Number | Tie, | Number 
tion. | of pupe. on. of pupe. | ion of pup. tion! of pup. 

a Pigh) goalleay - oT) le 

May 20 1 || June 3 8 || June 13 18 | June 23 6 
May 25 1 || June 4 3 || June 14 14 || June 24 6 
May 26 1 || June 6 2 || June 15 4 || June 25 10 
May 28 1 || June 7 9 || June 16 4 | June 26 1 
May 29 4\| June 8 4 || June 17 3 || June 28 4 
May 30 3 || June 9 6 || June 18 5 || July 1 1 
May 31 3 | June 10 15 || June 20 2|| July 5 1 
June 1 1 | June 11 16 ||} June 21 4|| July 6 2 
June 2 3 | June 12 20 || June 22 11 |} ——_———— 

Total. . 197 
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Length of the pupal stage.—In Table XXIV the length of the pupal 
stage of 196 spring-brood pupe is given. The average length of the 
pupal stage was 22.581 days; maximum, 44 days; minimum, 11 days. 

TABLE XXIV.—Length of pupal stage of spring-brood pupx, Winthrop, Me., 1914. 

Num- | pate of 
ber of 
indi- 

viduals. 

Length of pupal stage in specified days. 

11} 12) 14] 15 | 16} 18} 19] 20} 21 | 22 | 23} 24) 25 | 26) 27) 28 | 29 | 30 31 | 32) 33} 35 
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. Fos OSMnOT 0 nono S ENONCNeE E Et 5 ets Pin ee et ae ne a 

i= woe Ooo 
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. 5 On 0. Osun sd + pete RPNmNNwNwoouanhd: CoA de oe 
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, ’ fads ane co F Eyandha (io ova 6 00 0 0 ' . 60-0. 0. 6 00 G0 un 0 
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44 

1/2/3|417/11 9 lot los 13 [35 lao lta | 3 lelai1| 4 | 

Average length of the pupal stage, 22.581 days. 
Maximum length of the pupal stage, 44 days. 
Minimum length of the pupal stage, 11 days. 

SPRING BROOD OF MOTHS. 

Time of emergence of moths—In Table XXV is shown the emer- 
gence record of 210 spring-brood moths. 
commenced and continued until July 19. 
occurred July 7, on which date 28 moths appeared. 
of moth emergence extended from June 18 to July 20. 

On June 14 moth emergence 
The maximum emergence 

In 1913 the time 
In 1914 the 

date of full bloom (Baldwin) was the same as in 1913, namely, 
May 28. 
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Taste XXV.—Time of emergence of moths of spring brood, Winthrop, Me., 1914. (See 
fig. 6.) 

Date. Total. Date. Total. Date. Total. 
|} | e 

June 14 1 || July 1 2 || July 13 12 
June 18 2|| July 3 12 |) July 14 9 
June 21 SP feds 4h 10 || July 15 8 
June 22 3 || July 5 13 || July 16 3 
June 23 2\| July 6 17 || July 17 6 
June 24 |i dolly 28 || July 18 1 
June 25 3 ||July 8 15 || July 19 2 
June 26 7 || July 9 5 
June 27 6-|| July 10 3 210 
June 28 6 || July 11 7 
June 30 5 || July 12 12 

| | 1] 

Time of egg deposition.—The time of egg deposition by moths of 
the spring brood extended from June 24 to August 5. The average 
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Fic. 6.—Diagram showing emergence of the spring brood of moths of the codling moth in 1914 at Win- 

throp, Me. (Original.) 

number of days from the time of the emergence of moth to first ovi- 
position was 3.272 days; maximum, 7 days; minimum, 2 days. The 
average number of days of oviposition was 13.636; maximum, 23 
days; minimum, 7 days. The average number of days from the time 
of the emergence of the moth to the end of oviposition was 16 days; 
maximum, 24 days; minimum, 9 days. (See Table XXVI.) 
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Taste XXVI.—Qviposition by moths of spring brood in rearing cages, Winthrop, Me., 
1914. 

Sex. Date of— Number of days— 

Num- = From 
Cage. | ber of . Dura- emer- 
oe moths.| @ of Emer- eee Last -_ Beton tion of | gence to iposi- | oviposi- | oviposi- aap 

| SNe tion tion tion oviposi- | yendiof 5 : tion. oviposi- 
tion. 

1 June 14 2 1] { 2 \ 2 1 {June 1g soume 25 | Jume 26 |..........|...----.--|---------- 

2 3 1 2| June 21 | June 24} July 1 3 8 11 
3 June 22 

| 2 June 23 13 | 6 4 10 June 24 |(July 1 Jnaly: WD eee 2 Sales oe sae heres 

| 3 June 25 
} 7 June 26 

14 6 6 1183 [Pahpnave, 27 | Paedby | CEU diiwilyy, OS) lo cee sollapocecaeds|soeseecene 
Me 6 June 28 |] 

15 oy co tee? eed etc ete Sully op lye | eee) eee eee 
6 12 6 6| July 3) July 8] July 14 5 Z| 11 
7 10 3 7| July 4] July 11} July 20 7 10 16 
8 13 Ul Gi) dwiky «|| ditlhy; 8 IleccGl ose 3 13 | 15 
9 17 6 11 | July 6)...do....| July 30 2 23 24 

10 a3 | 18} | 15 | woiky 7) oeihy © |L-2dlm -2.- 2 22 23 
11 14 7 7| July 8| July 11 | July 25 3 15 | 17 

5 July 9 | 112 { 2 \ Bo 6 {rain Mo \youily 1140) cay Gy  eaeeeeen | ete eee OS 
13 7 4 Su uly, We ee dome ulyg20 3 Z| 9 
14 12 5 7 | July 12| July 15 | July 25 3 11 13 
15 9 4 5 | July 14] July 17 | Aug. 3 3 18 20 

8 July 15 : 
3 July 16 

116 6 9 1G eaodlye UA Aoi TS ONES Goce cocconallse s+ cocss|lecce=sece- 
1 July 18 
2 July 19 

17 12 7 5 | July 13} July 15 | July 30 2 16 17 

Number of male moths. ....-.- 88. | Average. ..-.---2 22 3. 272 13. 636 16 
Number of female moths. ....- 120 | Maximum......--- 7 23 24 
Total number of moths _-_.-__- 208 | Minimum.......-- 2 7 9 
Total number of eggs.....-..-- 2,907 | 

| | 

1 Not used in the averages. 

Number of eggs per female.—As recorded in Table X XVI, 120 female 
moths confined in cages with male moths deposited a total of 2,907 
eggs. From these data the average number of eggs per female was 
found to be 24.225. 

Length of life of moths—In Table X XVII will be found the length 
of the life of 72 male and 66 female moths of the spring brood. The 
average life of the male moth was 13.708 days; of the female, 13.621 
days. The maximum life of the male moth was 32 days; of the-fe- 

male, 28 days. The minimum life of the male moth was 2 days; of 
the female, 1 day. 
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TaBLe XX VII.—Length of life of male and female moths of spring brood in captivity. 
Summary of records of 138 individual moths, Winthrop, Me., 1914. 

Male. Female. Male. Female. 

Length | Number} Length | Number || Length | Number] Length | Number 
of life. |ofmoths.| oflife. |ofmoths.|} oflife. |ofmoths.| of life. | of moths. 

Days. Days. Days. Days. 
2 1 1 2 17 6 17 4 
3 il 5 1 18 3 18 4 
6 3 6 6 19 5 20 2 
7 3 7 2 20 3 21 2 
8 1 8 3 21 1 22 2 
9 9 9 2 22 1 24 1 

10 7 10 4 23 1 25 1 
11 3 11 2 24 1 27 1 
12 5 12 3 27 1 28 2 
13 5 13 10 32 1 
14 4 14 7 
15 2 15 4 72 66 
16 5 16 1 

Average length of life of male moths, 13.708 days; female moths, 13.621 days. 
Maximum length of life of male moths, 32 days; female moths, 28 days. 
Minimum length of life of male moths, 2 days; female moths, 1 day. 

THE FIRST GENERATION. 

FIRST BROOD OF EGGS. 

Length of ncubation.—Observations of the embryological changes 
and incubation periods of 2,672 eggs are recorded in Table XXVIII. 
Of this number, 2,633 (98.54 per cent) hatched. The average number 
of days from the time of oviposition to the appearance of the red 
ring was 2.599; maximum, 5 days; minimum, 2 days. The average 
number of days from the time of oviposition to the appearance of the 
black spot was 6.139; maximum, 10 days; minimum, 5 days. The 
average incubation period was 7.797 days; maximum, 13 days; mini- 
mum, 6 days. 
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Tapie XX VIII.—Length of incubation of first-brood eggs, Winthrop, Me., 1914. 
A eee 

= Appearance of— : 
No. of Num- Date Pp inguba: aa 

observa- | ber of | pepos- Red Black Red Black Ko er 
| tion. | eggs. feat ring. spot. Hatched. ring. spot. period. dead. 

Days. Days. Days. 
1 4| June 24] June 27| July 4] July 6 3 10 12 if 
2 3 | June 25 | June 28 |...do....| July 7 3 9 i P2)) | ener 
3 Tbe) Paice Coys a Ne ees re Pe Biol bysainsye| lee ee atestetal | rt 13 
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FIRST BROOD OF LARVA. 
Time of hatching—The first-brood larvee commenced to hatch 

July 6. The last of the larvee hatched August 12. Hatching, there- 
fore, extended for a period of slightly over one month. The maxi- 
mum number of larvee hatched July 24. (See Table XXVIIL.) 
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Length of the feeding period of the transforming larve.—During the 
season of 1914 two methods, namely, the stock-jar and bagged- 
fruit methods, were used for determining the feeding period of the 
first-brood larve. These methods are described on page 10. 

As in 1913, only a very small number of the first-brood larvee 
transformed to first-brood moths. Out of a total of 845 larve reared 
at the laboratory 12 (1.4 per cent) transformed. 

In Table XXIX is given the length. of the feeding period of the 
transforming larve of the first brood (stock-jar method). The aver- 

age length of the feeding period for male and female larve was 19.666 
days; maximum, 21 days; minimum, 17 days. Average for male lar- 
ve, 21 days; maximum, 21 days; minimum, 21 days. Average for 
female larve, 19.285 days; maximum, 21 days; minimum, 17 days. 

TaBLeE XXIX.—Length of feeding period of transforming larve of the first brood, stock- 
jar method, Winthrop, Me., 1914. 

| Date of— 

No. of | 
observa- Sex. Days.ot 

tion. Hatch- | Leaving 8 
ing fruit. 

| 

1 | July 6) July 24 fe) 18 
» lsectkneso| Aiblhy: 27 & 21 
3 | ulyS) ee doses Q 19 
4 |...do....| July 28 Q 20 
sce Ss sli dielhy 2) ce 21 
(|) dibliy | Syl eaaGhor soe Qo 20 
7 | July 10} July 27 Q 17 
Syyieeedos=. 2 | July 3st Q 21 
9 | July 13} Aug. 2 Q 20 |} 

| | 

Average length of feeding period, male and female larve, 19.666 days; male, 21 days; female, 19.285 days. 
Maximum length of feeding period, male and female larve, 21 days; male, 21 days; female, 21 days. 
Minimum length of feeding period, male and female larvee, 17 days; male, 21 days; female, 17 days. 

The length of the feeding period of the transforming larve of the 
first brood (bagged-fruit method) is given in Table XXX. The 
average length of the feeding period was 25.333 days; maximum, 26 
days; minimum, 24 days. The average for the male larve was 25 
days; maximum, 26 days; minimum, 24 days. No record for female 

larve was secured. . 
The average feeding period for all transforming larve was 21.082 

days, as given in Table XX XVIII. 

TasLe XXX.—Length of the feeding period of transforming larvx of the first brood, 
bagged-fruit method, Winthrop, Me., 1914. 

| | | | 
} Date of— | | 

No. of are 
observa- | Sex | mettle 

| tion, Hatch- | Leaving | ene oe 
| ing. fruit. 

a Ee =| 
1 July 15 | BMG LON a pletsianiate | 26 
Ze Wy TUS OLphi les pO oreters fof 24 | 
3 | July 19| Aug. 14 d 26 

* 

Average length of feeding period, male and female larve, 25.333 days; male, 25 days. 
Maximum length of feeding period, male and female larva, 26 days; male, 26 days. 
Minimum length of feeding period, male and female larvie, 24 days; male, 24 days. 
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Length of the feeding period of wintering first-brood larvee (stock-jar 

method).—Observations were taken on the length of feeding of 341 

larve, as is given in Table XX XI. The average length of the feeding 

period for all larvee was 25.717 days; maximum, 46 days; minimum, 

19 days. The average length of feeding for the male larvee was 
23.935 days; for the female larve, 27.022 days. The maximum length 
of the feeding period for the male larve was 46 days; for the female 
larve, 46 days. The minimum length of the feeding period for the 
male larvee was 19 days; for the female larvee, 19 days. 

TaBLE X XXI.—Length of feeding period of the wintering larvex of the first brood, stock- 
jar method, Winthrop, Me., 1914. 

[Figures in parentheses ( ) denote sex undetermined. |] 

Length of feeding period in specified days. 

Date of 
Number of | entering | 19 20 21 22 23 24 25 26 
individuals. Garin 

| 
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FD) Fe Ere Aol? PI Seaclesaulaeeelpeneleakelese. Jessel Sodtete teil ILD Se ge 4 
Gijoaes aecauee eMiu yp 22 es ee peel ee ee TG Ee seal el ces Ieeelemael treaty val its 3! 
Geaeeee grees | July 23 SR ies A Soe Re (Ge ANE AE SEO ee He Difco alts Splish a ea aya 

Ube casa sone Ul. OXY secant Ses slleeoallegecltecs Ha it epee el Ws Hee 1 eal ne 4a ese eee Salt 2 
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DAS Cert Sey) | Aes MW ocedbeca! Lay GD Bisse] Sy Wy By 4 CG Sail sil iceact. I 
1G arse sera [Nests RC sal SA Bee see cle Me saalbessl scclsocell 8 Pi Ww) Bh Si uy i 
A) Spe Sac eee aoe: 9 lleccclecce! ed oy LG My BH RON) 2 osc) 
I eaetenseaea se UNgovegs OU eee |e local ee eles 1] ay) Dy | @)eese- Heo 3 eee 2 
De sesame Bene | NG, - & |bsadleScalls SUES So al al. Tee Oa STEN EE ea eae 
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TaBLE XXXI.—Length of feeding period of the wintering larvx of the first brood, stock- 
jar method, Winthrop, Me., 1914—Continued. 

Length of feeding period in specified days. 

Date of j | Number of fs | | Sridivadaals. gulouns 27 | 28 29 30 31 32 33 34 
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Taste XXXI.—Length of feeding period of the wintering larvex of the first brood, stock- 
jar method, Winthrop, Me., 1914—Continued. 

Length of feeding period in specified days. 

Number of individuals. | entering 35 36 37 38 40 | 41 46 

Average length of feeding period, 341 male and female larve, 25.717 days; 140 male larve, 23.935 days; 
176 female larve, 27.022 days. 
Maximum length of feeding period, 341 male and female larve, 46 days; 140 male larvee, 46 days; 

176 female larve, 46 days. 
Minimum length of feeding period, 341 male and female larvee, 19 days; 140 male larvee, 19 days; 

176 female larvee, 19 days. 

Length of the feeding period of wintering first-brood larve (bagged- 
fruit method).—Table XXXII records the feeding period of 492 win- 
tering first-brood larve. The average feeding period of these larve 
was 31.865 days; maximum, 55 days; minimum, 24 days. The 
average feeding period for 226 male larve was 30.960 days; maxi- 
mum, 55 days; minimum, 24 days. The average feeding period for 
213 female larve was 32.436 days; maximum, 55 days; minimum, 
25 days. 
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Taste XX XIT.—Length of feeding period of the wintering larve of the first brood, bagged- 
fruit method, Winthrop, Me., 1914. 

[Figures in parentheses ( ) denote sex undetermined.] 

Length of feeding period in specified days. 

= Date of 
Number of F 97 n | sadividdals. penne 24 25 26 27 28 29 30 31 

| 

SO Os SIPS OS Ol ote a i.e 

| 
SS Se ae | July 10 deals (U))) 1 esac BANG Ba aby} 2B Necstallesoc eae 
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7 See eee July 16 |----|----|----|---- Seo eoeo||a= 24 |toool|sone= 1 3) Se5ee (1)2 1 be @ 
ADIOS Si ht July 17| 1 aSseeloces (1) Bisceel By Biessal Dey 4 1) 4 
Digi Jeane Uially? TS |e asellases 1 Saalescel OBA TLE OT neue iui Tb |D 
Dil igi; ie) NesselleSaa|Sos5\es5 I ecesisceelsssal. I ese] 1 Lee Seats 
SERS cece July 20 |----|---- 2 |-+--)-- : 1) 1|..... BN Becoeelasca}) ih |) ik 
7 et July 21 1] [Eee SN Ee VSR CU PGEOR Bio SLU Slee WS Teleist ee 2 
16. - July 22 |----|----| (1), 1)---- 22a SES See eee coer oe i popes l 
Poet Sy: | July 23 |----|----|---- Jpccalp, Ze eee HE elias alesis TA Val Ga ae 1 
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1S as ae July 26 |---- ---- I Ieccelocss|| I fesgss SPE ha alain Tests hes Se 2 
8. July 27 |----|---- --- goa]ocoee sllbeoelleacse Si ee SR Ane 
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2 Se eae | Aug. 2 |- 8|60eclPees|beos|>ses|pons- Bee Bideeie I eee sane Bae 
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es See |} Aug. 5 |- ----/-- j---- poee Jogesalladice Jeoe-[--2--[-----]----]---- E 
4. | Aug. 6 |- See aedel[aonclscods|osae [eee ts cee ee Es Se Re 4 
ase | Aug. 7 |----|- --- Sas ee aeae all4eoeclaceas LD SS 

abe | Aug. 8 |----|--- ---|----|---- We sealledeslesuesesoce alee 
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Brey: Aug. 10 |- 1 BSR rs StL sl enter Fa tees lara @iteee 
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Taste XX XII.—Length of feeding period of the wintering larvex of the first brood, bagged- 
fruit method, Winthrop, Me., 1914—Continued. 

Length of feeding period in specified days. 

Number of 
individuals. 

entering 32 33 oo rss (0) a wo tor Cy 1 | 38 39 
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TABLE XX XI1.—Length of feeding period of the wintering larvx of the first brood, bagged- 
fruit method, Winthrop, Me., 1914—Continued. 

Length of feeding period in specified days. | 
} 

entering | 40 41 42. | 43 44 
Date of j 

Number of | eI - = e 
Samar 45 46 48 55 
individuals. peaatl | | 

SQN GF | Lies fe | SQ} Sil e | e |e | Qs 12 ed} 2 

| 

ee ' July 10 |.--. 1 beget Je St a i [Pee iyi | aa Wel eeoaletiee | i 
Shae sae July 11 fee re Sees secele feels asses SR ag ge eae aes 
I hat isk, GB} bed | legal Ie eel ates ei ee dag Eel te | 
DOr Tvl LB bee tee lls foe Ieee este sere Lele sea [ees | eas re Lage TSG an i 
Te GHG ary UES eed ee Senet [tee eg sl Nn Pe eae, ea aU 
Fife ae aelee Isle wil boos ess pee Pee escheat eh Rese ea ey | 
A sae July 17 iste i tai se | | Tibi peer Mee Te Woe ea 
(Yr EBs July 18 Ub |leose cecslecoalooos||ssse (1) 1 [eors atis ee (Be Iasaldees 
are: F RFU yeh Oy berms sen peta esl cole tna laa eal orl hol obaecanlloenoweeepealass Salli seellinthg leery 
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Oe pe 7 6 6 2 3 Dont idiee 2 2 

Average length of feeding period, 492 male and female larvee, 31.865 days; 226 male larve, 30.960 days; 
213 female larve, 32.436 days. 
Maximum length of feeding period, 492 male and female larvee, 55 days; 226 male larvee, 55 days; 213 

female larve, 55 days. 
Minimum length of feeding period, 492 male and female larve, 24 days; 226 male larve, 24 days; 213 

female larve, 25 days. 

As was noted in 1913, the average feeding period of the transforming 
larve was shorter than that of the overwintering larve. Likewise 
the feeding period of the larve reared by the paeeed! fruit method was 
longer than the feeding period of larvz reared by any other method. 
The fact that female larve feed on an average for a longer time than 
the male larve was again proven in 1914. 

Larval life in the cocoon.—The average number of days spent by 
the larve in constructing their cocoons was 6.166; maximum, 9 
days; minimum, 3 days. (See Table XX XIII.) 
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Tapie XX XIII.—Length of the pupal stage of the first brood, Winthrop, Me.. 1914. 

= Date of— 
No. Pe Mak-| Pu- || No. EGS Mak- 
of ob- ing of| pal || of ob- ing of | Pupal 
serva- - co- | pe- ||serva- « co- | period. 

: | Leavin, Pupa- Emer- : F Leaving | Pupa- Emer- 
ton. | Fait tion. gence. | coon. | riod. || tion. fruit. tion. gence. | eens 

| ‘Days. | Days. | | Days.| Days. 
1| July 24) July 27 | Aug. 11 3 | 15 7| July 29| Aug. 5} Aug. 18 | 7 13 
2) July 27} Aug. 3) Aug. 17 7| 14 | 8 | July 31 | Aug. 6} Aug. 20 | 6 14 
3 @oneees SACO as ee aaore | ale! 9| Aug. 2|] Aug. 9} Aug. 27 | 7} 18 
Hs SO scege Aug. 4] Aug. 18 8 | 14 10 | Aug. 10 | Aug. 15 | Sept. 2 | 5 18 - 
5| July 28 | Aug. 6] Aug. 20 SN eat sk eoeGloesoas Aug. 18] Sept. 5 8 18 
6 | July 29 | Aug. 2] Aug. 16 | 4) 14 |} 12) Aug. 14] Aug. 17] Sept. 3 3 17 

Average. i: Ss 220 DoF oo SRE bee oS fab 2 ce vi ce pe Ene arate en 8 ee 6.166 (15. 250 
IM aU ey a eS ke tee 2 oy Sh Br i ea a eg oe 9 |} 18 
Minimums: sos.ec tested ti Soc sea tie - eee Ce EER EEO ee EEE Eee erent eae ee eae 3 13 

FIRST BROOD OF PUPA OR SUMMER PUP. 

Time of pupation.—Pupation of the first brood commenced July 27 
and extended until August 18, as shown in Table XXXIII. (See 
foe) 

th AS DA STLYOHEHOR®HOW~NHEH ORD 
uNUNNUNN YD ES ~~NNNNNN 

JULY AUGUST 
Fie. 7.—Diagram showing pupation of the first brood of the codling moth in 1914 at Winthrop, Me. 

(Criginal.) 

Length of the pupal stage-—Table XX XIII records the length of the 
pupal period of 12 individuals. As will be noted, the average length 
of the pupal period was 15.250 days; maximum, 18 days; minimum, 

BARE Re ee Ge 
LH A 
UN LVVAATANL T/NAL 
DD ON DESEO MEN Se a Ow 
Des Ss), GG GN) Gy &) 

AUGUST S/S1= he 

Fig. 8.—Diagram showing emergence of the first brood of moths of the codling moth in 1914 at Win- 

throp, Me. (Original.) 

3 

FIRST OR SUMMER BROOD OF MOTHS. 

T ume of emergence.—The moths of the summer brood commenced 
to issue August 11. The last moth emerged September 5. The 
record of the moth emergence is given in Table XXXIV. (See fig. 8.) 
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Tasre XXXIV.—Time of emergence of moths of the first or summer brood, Winthrop, 
Me., 1914. 

Total Total | 
Date of emergence.| emer- Date ofemergence.| emer- | 

gence. gence. 
| | 
| 

cise’: 0 T= Os Rau Sa come | 1 NER Ree ee 1 
[eA 1G Se ee ees 1 Si, Bosccdsaccss 1 
hs DANE Res TBS & peer 2 Sepigs eee eesesce 1 
ja Aig gS S32. eo ie 2 DOs Dogtoasoases 1 
VeAUE0L hee: 2 
| 7 AUGTS5 PS ee eae 1 13 

Time of oviposition.—aAs shown in Table XXXV, the first eggs 
were deposited by the summer-brood moths on August 20. The last 
oviposition occurred September 20. 

Taste XXXV.—First or summer brood of moths, Winthrop, Me., 1914. 

CAGE I. CAGE II. 

D f || : Seas || as eath of moths sprained Death of moths 

Date. of moths | depos- } | Date. | of moths | depos- 

emerged.| ited. | wale. Female. emerged. | ited. | Male. |Female. 
| | | 

Aug. 11 fy Baeee ae era A ae L shee Sept. 2 AUB IE 90, ae ae SUNN Ae 
Aug. 16 if Seed: aie (es eae eee aeseaes | Sept. 3 Oe eee Ra merteenee eee ui 
Aug. 17 PA Ries cea Sel Wee ameallemenisist seal || Ste) Ota vas i |FOAes  ys eee 8 DR 
Aug. 18 Pa ses ets | ease eae iSO: 7) lasboceseae PES) le aes ellen ayratets 
Aug. 20 Pda ll Dy 2s et nee mas ees eae tS OF Os eerie Ost2 secede dslsteneese 
PANT O2 |: 2 lo AAG dS be aemeel Beaeree Seite Wl cee scene Clo EaA eoascescl se nreces 
Aug. 23 it fete Bor pec cee | sateen Seyoue I pesesecsse Oreo te aam acne eee 
YTS 5 V2) as pase ESE etal espe oe Sejoiie JIB), eee ose Ores sstceleoseeaes 
LAS) OPT EAR ees ACs Qo Meee es sel aes ee HofStey oj ea Oe eee GOrealemse nce sacs eee 
Lit. 92/0) Dae Sees oi ee ore Se ee GIGS ep tapos lense eee dors ee ee ee 
LEks Gy By seen Eggs..| wists at Noa a liSeptelen ees saa Clogs Bane tale eae ee 
JTS ne Be eae eee er ISG ptee20N eee see Cho Sea ashenace 1 
we Gib Pees ee ses) Beeson 1 PAN ets12) 0} Fe Ul nae ea Ne eal ae ete 1 
a) Oe de ae RO CE) Deore Ue ee PAA SIO APA Nee ee Cel sal ees 2 oes gL eee ee 

| (se | 

a) |sebse 354 | 3 6 || Si Aap aace 1 2 

| }} 

Number of eggs per first-brood female moth.—The total number of 
eggs deposited by 8 female moths kept in confinement with male 
moths was 181. Hence the average number of eggs per female was 
22.625. 

LENGTH OF LIFE CYCLE OF THE FIRST GENERATION. 

The life cycle of the first generation of the codling moth is given in 
two tables, Tables XXXVI and XXXVII. The life cycle considered 
in these tables extends from the time of egg deposition to the emer- 
gence of the moth and hence is not the complete life cycle. For the 
complete life cycle there should be added to the figures recorded abcut 
four days, which is the time from the emergence of the moth until the 
first oviposition. As will be noted in the tables, the average life cycle 
(stock-jar method) was 50.222 days; bagged-fruit method averaged 
for 3 individuals 55 days. 
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Taste XXXVI.—Life cycle of first generation of codling moth as observed by rearing 
at Winthrop, Me., 1914, stock-jar feeding method. 

Date of— Days for— 

No. of aes 
obser- f i 
vation. | Egg dep-| Hatch- ee Pupa- ee Hatch-| Feed- Maling Pupal | Life 

osition. ing. A trite tion. Sayin, || L8So | B8 leranara. period.| cycle.1 

12 | June 24| July 6 | July 24 | July 27 | Aug. 11 12 18 3 15 48 
28 domaee BCOMeEE July 27 | Aug Aug. 17 12 21 Zl 14 54 
39 | June 27] July 8 |.-..do..... Heed Ose: doe 11 19 7 14 51 
40 doseas GoMens July 28} Aug. 6 |} Aug. 20 11 20 9 14 54 
5d dome domes July 29} Aug. 5] Aug. 18 11 21 7 13 52 
69 | July 1) July 9 Cleese Aug. 2] Aug. 16 8 20 4 14 46 
72 |July 3] July 10} July 27 | Aug. 4] Aug. 18 7 17 8 14 46 
8O dove Oss | July 31 | Aug. 6} Aug. 20 7 21 6 14 48 
99 | July 5] July 13 | Aug. 2| Aug. 9] Aug. 27 8 20 7 18 53 

INGE acco pe oaqeooua booms auseeaseoodosoassocses5cS5 9.666 |19.666 | 6.444 | 14.444 [50. 222 
Web ani so aeeaa tos sooR SoSH ACES BR oaooUnTenedcooceood 12 21 9 18 54 
Wi Gbahy aay Wer ee eRe ene ae ene A EN Sail a 17 3 13 46 

1 Add 4 days for complete life cycle. 

TasBLE XXXVII.—Life cycle of first generation of codling moth as observed by rearing 
at Winthrop, Me., 1914, bagged-fruit feeding method. 

Date of— Days for— 

No. of 
obser- Mak- 

va | Egg dep-| Hatch- Lene Pupa- | E™&Té- |Hatch-| Feed- ing of | Pupal| Life 
tion. | osition in leaving tion ence of | in in co- eriod let 3 8 the fruit. i moths 8: 8: anamn pe py) AVG 

1 July 8] July 15 56 
2h | July 11 | July 17 |... 56 
3¢ | July 12 | July 19 53 

IACI AE Oise See VS eee nels lo ee oe 2 b é 55 
Wikatenbiims «sosoccos0asscoeaaboas5cc6e 56 
Minimum eee occa se cee eciociqjn ees ee eee 53 

1 Add 4 days for complete life cycle. 

A summary of Tables XXXVI and XXXVII is given in Table 
XX XVIII, which shows that the average life cycle of the first genera- 
tion of all individuals was 51.416 days. The complete life cycle 
would be about 55-56 days. 

TasLe XXX VIII.—Summary of life cycle of first generation of codling moth, Winthrop, 
Me., 1914. 

Days for— 
Number | Larval 
of obser- | feeding 
vations. | method. | Hatch- Feed- | Making | Pupal Life 

ing. ing. of cocoon.| period. cycle.! 

Average life cycle........ 9 A 9. 666 19. 666 6. 444 14.444 | 50. 222 
Os scodeassdncedsas 3 B 6. 666 25. 333 5. 333 17. 666 | 55. 000 

Average of all life cycles. 12 A+B 8. 916 21. 082 6. 166 | 15.249 | 51.416 

1 Add 4 days for complete life cycle. 

A, stock-jar method; B, bagged-fruit method. 
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THE SECOND GENERATION. 

SECOND BROOD OF EGGS. 

Length of incubation.—On August 20 the first egg of the second 
brood was deposited. Oviposition continued until September 18, 
reaching the maximum on August 31. Out of 138 eggs deposited 96 
(69.56 per cent) hatched. The average incubation period was 
10.208 days; maximum, 15 days; minimum, 8 days. The average 
time from the time of egg deposition to the appearance of the red 
ring was 4.754 days; maximum, 9 days; minimum, 3 days. The 
average time for the appearance of the black spot was 8.368 days; 
maximum, 14 days; minimum, 6 days. (See Table XX XIX.) 

Taste X*IX1X.—Length of incubation period.of second-brood eggs, Winthrop, Me., 
1914. 

| | 
Date— Appearance of— 

No. of | Num- Incuba- | . 
obser- | ber of a Numtee 

vation.| eggs. | Depos- Red Black | tratenea.| Red | Black | period. Eup 
ited. ring. spot. d ‘| ring. | spot. 

Days. | Days Days 
1 if | PAGES UE Ee See Bosh oF Sees HOS ecHaree| ben Geen tee Gee se lance acne 1 
2 SSM AEN ra Dee | Etre arate | Spec rarmie See cee eestor etelmecee miele craic erere alee micioepn el 8 
3 1 | Aug. 24 | Aug. 29 | Sept. 2] Sept. 4 5 9 OTS eee ee 
4 13 | Aug. 25 | Aug. 30 doses BECOMES S. 5 8 iO al eee here ee 
5 10 (6 Ko sche | te Sees Sel the el SOU oases |e see 11 3 
6 9 | Aug. 26} Aug. 31 | Sept. 3 |...do....-. 5 8 LOT Sateen ret 
Zi 7 GOP seat Seema leer oe eae SG) Ol Peeeceen sae reren 1l 3 
8 1} Aug. 27 | Sept. 1 | Sept. 4] Sept. 8 5 8 ali ken eH 
9 3 | Aug. 28 | Sept. 4] Sept. 6 | Sept. 9 7 9 12 i 

10 6 | Aug. 31 | Sept. 5 Gore Sept. 8 5 6 Silaiaiee wae 
11 28 (6 eee | Seapets ae | Sees oes Sepa s. scene e cme 9 4 
12 10 | Sept. 7 | Sept. 12 | Sept. 19 | Sept. 21 5 12 14 1 
13 3 | Sept. 10 | Sept. 15 | Sept. 21 |..---.---- 5 1 en peace e 3 
14 2 | Sept. 11 dove Bt Os 22:4 eee een 4 LO} | aakeseceise 2 
15 1 | Sept. 12 | Sept. 21 | Sept. 22 | Sept. 23 9 10 bs eee 
16 15 OE AEs | teats tas | cena heroth, God | anen ee eA 12 14 
17 7 | Sept. 13 | Sept. 17 | Sept. 21 | Sept. 23 4 8 LO eeectee ect 
18 Blea OO sc clee joaeeueelas-e oh-es pets | oa OS De Sl eel Ree 9k CL ree er oe 
19 7 | Sept. 14 | Sept. 17 | Sept. 20 | Sept. 23 3 6 QU Re ea eee 
20 3 | Sept. 18 | Sept. 22} Oct. 2] Oct. 3 4 14 15 2 

ANCE AOR ree <n soa eee acicict aise 2 =<: ob eee 4. 754 8. 368 10. 208 42 
Maxim! 3osee2 = a2 ee Pe peganss ig. tte sepeoene 9 14 loMersreesge- 
MANTEATIN IE ates sine re rciascle corse oe nap citar eee 3 6 Billewrcreseter 

SECOND BROOD OF LARV&. 

Time of hatching.—As will be noted in Table XX XIX, the first of 
the second-brood larve hatched September 4. The last of the second- 
brood larvee hatched October 3. Hence the period of hatching was 
about one month. 

Length of feeding period.—Observations on the length of the feeding 
period was limited to 4 individuals. Many of the larvee which entered 
the fruit failed to mature. The average feeding period was 42.750 
days; maximum, 47 days; minimum, 38 days. The above records 
are given in Table XL. 



46 BULLETIN 252, U. S. DEPARTMENT OF AGRICULTURE. 

Taste XL.—Length of feeding period of second-brood larvex, stock-jar method, Winthrop, 
Me., 1914. 

e Date of 
Number | Date of aoe A Days of 
of larvee. | hatching. leaving Bex. feeding. 

= fruit. 

1 | Sept. 8 | Oct. 16 9 38 
I lose@lOsoe5 5 | Oct. 21 oh 43 
fins Soo edo ee 43 
1 domeee [POW PSs. 2ss-s05e 47 

IMO es saeea se ocososeoncabe sce 42. 75 

BAND-RECORD EXPERIMENT, 1914. 

During the season of 1914 a total of 499 larvee was collected from 
banded trees. The first larvee left the fruit August 3, the last October 
11. None of these larve transformed. (See Table XLI.) 

TasBLe XLI.—Band-record experiment, Winthrop, Me., 1914. 

= Number Number 
Number Date of Number ES of para- || No. of Datei Number Fees of para- 
of record.| °° °° | of larvae. | MO;7S)| sites, || record. : of larvee. ?| sites, jeemelTi os 1914. 1914. | ing. 1914 

| 
1} Aug. 3 1 0 0 14 | Sept. 11 20 0 0 
2| Aug. 6 3 0 0) 15 | Sept. 14 31 0 0 
3} Aug. 9 0 0 0 | 16 | Sept. 17 43 0 0 
4) Aug. 12 7 0 0 | 17 | Sept. 20 42 0 0 
5 | Aug. 15 1 0 0 | 18 | Sept. 23 54 0 0 
6 | Aug. 18 2 0 0 | 19 | Sept. 26 16 0 0 
7 | Aug. 21 15 0 0 | 20 | Sept. 29 0 0 0 
8 | Aug. 24 8 0 0 21 | Oct. 2 6 0 0 
9 | Aug. 27 17 0 0 22 | Oct. 5 ili 0 0 

10 | Aug. 30 23 0 0 23 | Oct. 8 2 0 0 
11 | Sept. 2 30 0 0 | 24 | Oct. 11 5 0 0 
12 | Sept. 5 82 0 0 | 
13 | Sept. 8 80 0 | 0 | 499 0 0 

} 1 

COMPARISON OF THE LIFE HISTORY OF THE CODLING 
MOTH IN 1913 AND 1914. 

A comparison of the life history of the codling moth is shown dia- 
grammatically in figure 9. This chart shows the beginning and end- 
ing of the different stages of the insect, and, in a general way, the 
maximum of activity for each phase of the life history. It will be 
noted that the life histories of the species during 1913 and 1914 
corresponded quite closely. Variations were due chiefly to climatic 
differences which were of comparatively short duration. 

In 1913 pupation began somewhat earlier than in 1914. An 
unusually warm period during the latter part of April and again 
during the first few days of May, 1913, doubtless exerted some in- 
fluence on the larve. The very early pupz in 1913, however, were 
evidently somewhat abnormal and failed to transform to moths. 
Pupation during both seasons ceased at approximately the same 
time. The average pupation period of the spring-brood pupe in 
1913 was 19.030 days; in 1914, 22.581 days. 
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In 1913 apples were in bloom from about May 18 to June 4, when 
the last of the petals had fallen. The temperatures during the 
blooming period were relatively low, accompanied by considerable 
precipitation. In 1914 the blooming period was favored with some- 
what better weather conditions and, as a result of these climatic con- 

ditions, the moths of the spring brood began to issue a few days earlier 

than im 1913. 
The average length of the life of the male sprmg-brood moth in 

1913 was 10.685 days; of the female moth, 12.253 days. In 1914 
the average life of the male moth was 13.708 days; female moth, 
13.621 days. 

Oviposition by moths of the spring brood began at very nearly the 
same time each year. In 1914, however, the period of oviposition 
extended about two weeks longer than in the preceding year. The 
average duration of the oviposition period in 1913 was 14.086 days; 
in 1914, 13.636 days. 

Hatching of the first-brood eggs in 1913 began a few days prior to 
the date of the earliest hatching in 1914. Likewise hatching ceased 
in 1913 about three days earlier than in 1914. The average incuba- 
tion period of the first-brood eggs in 1913 was 8.874 days; in 1914, 
7.797 days. 

The time of leaving the fruit by transforming larve of the first 
brood was approximately the same during each season. The average 
feeding period of the tranforming larve in 1913 was 23.432 days; in 
1914, 21.082 days. 

The time of leaving the fruit by the overwintering larve of the 
first brood was, during both seasons, a few days later than the time 
when the earliest transforming larve left the fruit. The period of 
leaving the fruit extended over a longer time in 1914 than in the 
preceding year. The average feeding period for the overwintering 
first-brood larvee in 1913 was 27.884 days; in 1914, 29.348 days. 

The pupation period of the first or summer brood covered practi- 
cally the same time during 1913 and 1914, being slightly earlier in 
the latter year. The average length of the pupal stage in 1913 was 
15.066 days; in 1914, 15.250 days. 

The emergence of the first or summer brood of moths extended 
over approximately the same period during both seasons, being 
slightly earlier in 1913 than in the following year. 

Oviposition by moths of the first or summer brood commenced 
about five days earlier and ceased about five days later in 1913 than 
in the following year. 

The average life cycle of the first generation in 1913 was 51.566 
days; in 1914, 51.416 days. Add four days for complete life cycle. 
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Hatching of the second-brood larve commenced about 12 days 
earlier in 1913 than in 1914. The average incubation period in 1913 
was 11.862 days; in 1914, 10.208 days. 

The second brood of larve left the fruit over a considerably longer 
period in 1913 than in the following year. This was due to the 
smaller number of individuals under observation in 1914 and to the 
warm weather conditions in November, 1913. The United States 

Weather Bureau (Climatological Service, North Atlantic States, 
November, 1913) reports that the ‘“‘high temperatures caused unusual 
manifestations in nature.”” The average feeding period of the second- 
brood larve in 1913 was 49.160 days; in 1914, 42.750 days. The 
higher average in 1913 was due to the larger number of individuals 
which were leaving the fruit from September 25 to November 21. 

THE CONTROL OF THE CODLING MOTH IN MAINE. 

In connection with the life-history studies of the codling moth a 
series of spraying experiments was conducted in 1913 and 1914. 
As a result of these investigations it was found that one thorough 
spray application, as soon as the petals have fallen, is sufficient to 
control the codling moth. Arsenate of lead, paste 2 pounds or powder 
1 pound to each 50 gallons of water, is recommended. 

The proper time to spray is illustrated in Plate I. The spraying 
should be completed before the calyx cup closes too tightly, in order 
to fill each cup with the poison. This is of vital importance. 

SUMMARY AND CONCLUSIONS. 

The life-history studies of the codling moth herein recorded were 
conducted during the seasons of 1913 and 1914 at Winthrop, Me. 

The codling moth in Maine has one full generation, a very small 
percentage (1 to 2 per cent) of the individuals of which transforms 
to make a partial second generation. 

Pupation of the overwintering larve begins about the middle of 
May and extends to the first part of July. The length of the spring- 
brood pupal stage averaged 21 days. 

The moths of the spring brood begin to emerge about two weeks 
after the petals have fallen and continue to issue for a period of 
about a month. 

The average time from the date of emergence of the moths to first 
oviposition was about four days. 

The oviposition of the spring-brood moths averaged 14 days. 
The average length of life of the male spring-brood moth was about 

12 days; of the female spring-brood moth about 13 days. 
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The earliest first-brood eggs were deposited approximately three 
weeks after the petals dropped. 

The incubation period of the first-brood eggs averaged eight days. 
The first-brood eggs began to hatch in from four to five weeks after 

the petals had fallen. 
The transforming larve of the first brood fed for a period of about 

22 days. 
The overwintering larve of the first brood had an average feeding 

period of 28 days. 
The female larvee of the first brood fed for a longer period than the 

male. 
The average time spent by the transforming larve in constructing 

their cocoons was about six days. 
Approximately from 1 to 2 per cent of the first-brood larve trans- 

formed to first-brood pupe. The remainder of the larve did not 
transform until the following spring (spring pupe). 
-Pupation of the first or summer brood commenced during the latter 

part of July. The average length of the first-brood pupal stage was 
15 days. 

The first or summer brood of moths began to emerge just previous 
to mid-August and continued to issue for a period of about one month. 

Oviposition by moths of the first brood began about mid-August. 
The life cycle of the first generation was 51 days. The complete 

life cycle was about 55 days. 
The average incubation period of the second brood of eggs was 11 

days. 
The average feeding period of the second-brood larve was 46 days. 
The female larvee of the second brood fed for a longer time than the 

male. 
The hymenopterous parasite Ascogaster carpocapsse Vier. was fre- 

quently reared. 
The well-known beetle enemy Tenebroides corticalis Melsh. was com- 

monly found attacking codling-moth larve. 
The codling moth in Maine may be controlled with one spray 

thoroughly applied as soon as the petals drop. Arsenate of lead, 
paste 2 pounds or powder 1 pound to each 50 gallons of water, 
is recommended. 
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Washington, D. C. v June 29, 1915. 

THE EFFECT OF DIFFERENT TIMES OF PLOWING 
SMALL-GRAIN STUBBLE IN EASTERN COLORADO. 

By O. J. Grace, 

Assistant, Dry-Land Agriculture Investigations. 

INTRODUCTION. 

The data here presented have been obtained during the past six 
years at the Akron (Colo.) Field Station of the Bureau of Plant 

Industry. Though these data are from the Akron station only, they 
agree in the main with those obtamed from other stations, and it is 
believed that the principles deduced are of general application in 
the Great Plains. 

The time of plowing is one of the most frequently discussed sub- 
jects and one on which very few authoritative figures can be ob- 
tained. This is not due so much to a limited amount of experi- 
mental work as to the seemingly contradictory results obtained. In 
the following pages the major portion of the discussion will be con- 
fined to the time of plowing for spring wheat, which, although a crop 
of secondary importance in this region, was selected because a series 
of moisture determinations has been made in connection with its 
growth. Oats and corn have given similar results, so that wheat 
may be taken as representative of the spring crops. 

The object of presenting these data at this time is not to advocate 
either spring or fall plowing, but to show, if possible, correlations 
between precipitation and time of plowing. Six years’ records, with 
yields no more consistent than those here presented, are not suffi- 
cient justification for forming conclusions and laying down hard 
and fast rules in agriculture. In a climate where the precipitation 
is as erratic as it is in eastern Colorado there are very few farming 
operations which can be done successfully by rule of thumb, and 
this is especially true of any rule for time, depth, and method of 
plowing. 

By many who have had little or no experience in actual farming 
in the semiarid regions of the West annual plowing is considered as 

93352—-Bull, 253—15 
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the most necessary of the cultural operations, but this is not sub- 
stantiated either by the experience of many successful farmers or 
by the records from experimental work. A smooth, deeply plowed, 
well-harrowed surface looks well and gives the impression of care- 
fully conducted farm operations, but may prove detrimental in crop 
production. The smooth, finely pulverized surface is readily sub- 
jected to blowing, and the loose, unpacked seed bed may be quickly 
dried by the rather free circulation of air through it. Stubble left 
on a field may give it an unkempt appearance, but at the same time 
may be of value in catching snow or in preventing the soil from 
blowing. There may be a great deal of misdirected labor expended 
in preparing a seed bed, which defeats the object sought rather than 
aids in the production oF a crop. 
Moisture is generally considered the most important factor in crop 

production in eastern Colorado. Its conservation is the primary 
object in cultivation. Experience has shown that on this soil weeds 
are the greatest robbers of moisture, and their control must always 
be considered. Stubble, weeds, and uneven ground are the common 
means of retaining snow and holding a large part of the winter pre- 
cipitation. In deciding when a field shall be plowed, the question 
whether a greater amount of moisture will be accumulated by hold- 
ing the snow that falls than will be dissipated by the growth of weeds 
must be paramount. It can best be decided by the man on the 
ground. In answering this question several factors must be consid- 
ered, namely, the amount of moisture already in the soil that may 
be lost through weed growth, the probable time before the weeds 
will be killed by frost, the possibilities of increasing the water in 
storage in the soil by holding the snow that may come, the danger 
of soil blowing if the stubble and weeds are removed, and the distri- 
bution of the farm labor. 

In the following pages the importance of these factors will be 
considered and the experimental evidence bearing upon them will be 
given. It is believed that a careful consideration of these data will 
assist the farmer in determining the best time to plow. 

In order to interpret properly the following data it is necessary to 
consider the amount and distribution of precipitation during the 
time these investigations have been in progress. The precipitation 
records and crop yields of the six years from 1909 to 1914, inclusive, 
should be studied together if any correlation is to be seen between 
the distribution of precipitation and the time of plowing. 

PRECIPITATION. 

Table I gives the monthly precipitation for 10 years from 1905 to 
1914, inclusive, which is the period covered by continuously recorded 
observations at Akron, Colo., both by the United States Weather 
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Bureau and the Bureau of Plant Industry. A study of these records 
shows the great variation in monthly and annual precipitation. 
The experimental data following are for the past six years, 1909 to 
1914, inclusive. In two of these years the precipitation has been 
above the normal, as determined from the entire record. In 1909 
the total was 2.2 inches less than the recorded maximum. In four 
years of the six it has been below normal, the precipitation of 1911 
beimg the minimum recorded. Thus, in the six years we have had 
nearly the maximum and the minimum amounts of water that may 
be expected. 
A heavy monthly precipitation usually means that a considerable 

amount falls at one time and penetrates to a depth where it is not 
lost by evaporation but can be used by plants. The exceptions to 
this are when the precipitation falls as torrential showers with a high 
percentage of run-off and shallow penetration, or when it comes as 
light snow, which is blown off. A light monthly precipitation indi- 
cates that the greater part of it falls as light showers or as snow 
flurries. Under such distribution most of the moisture is lost by 
evaporation and very little, if any, penetrates deeply enough in the 
soil to be held until used by the plants. 

Tasie I.— Monthly and annual precipitation and normal monthly and annual precipi- 
tation at Akron, Colo., 1905 to 1914, inclusive. 

[Precipitation record, in inches, for the years 1905 to 1909, inclusive, from the reports of the United States 
Weather Bureau.] 

Year. Jan. | Feb. Mar. | Apr. | May.| June.| July.| Aug. | Sept.| Oct. | Nov. | Dec. |Total. 

4.55 | 4.37 | 2.14 | 3.82 | 0.86 | 0.83 | 1.73 | 0.12 0 | 24.56 
4,22 | 3.32 | 1.20 | 2.46 | 1.26 | 1.00 | 1.90 | 1.56 | 0.08 | 19.02 
1.74 | 3.30 | 3.26 | 6.06 | 5.13 | 1.86 .02 | 1.00 60 | 23.40 
1.70 | 3.57 | 2.35 | 3.40 | 1.62 22} 3.20 | 2.00) T 18.38 
-40 | 1.87 | 3.32 | 4.61 | 3.77 | 2.16 - 78 48 55 | 22.38 

3.96 | 2.06 | 1.38 | 1.47 | 3.72 | 3.81 05 suber 32 | 17.36 
2.63 | 1.15 | 1.48 | 1.34 | 1.30 | 2.40 | 1.47 .28 | 1.36 | 14.51 
2.49 | 2.86 | 3.39 | 3.58 | 1.58 | 1.88 | 1.99 18 29 | 20.73 
2.19 | 1.44 | 1.35 | 1.85 | 1.14 | 2.08 .34 .30 | 3.67 | 16.55 
4.01 | 1.46 | 3.54 | 1.66 | 1.05 23 | 2.08 . 10 90 | 15.58 
2.79 | 2.54 | 2.34 | 3.02 | 2.14 | 1.65 | 1.36 .61 78 | 19.25 

t | | | | } | | 

2 MENA Pectn tiation, October to March, inclusive, is 24.8 per cent of the normal for the year. 

In the consideration of the time of plowing, the great variation in 
time and amount of precipitation must be kept in mind. The winter 
precipitation is usually in the form of snow, and wind is an important 
factor in its local distribution. Heavy rainfall or snows that are not 
disturbed by wind may occur between November 1 and April 1, but 
as the ground is usually frozen the amount of moisture stored in the 
soil from them apparently would not be affected by the time of 
plowing. Generally, the greater part of the snowfall will be blown 
off of a fall-plowed field, while a considerable quantity will be held 
by stubble land. 
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Rains in August and early September invariably produce a growth 

of weeds, sien usually ex Moudt the available soil moisture, a ton of 
Russian thistles using 65 per cent as much water as would be used 
in producing a ton of unthrashed wheat. The loss of moisture which 
has penetrated to a greater depth than 3 inches after the weeds are 
dead in the fall and elon erowth starts in the spring is almost negli- 
gible, either from land fall plowed or from that covered with stubble. 
Light precipitation evaporates, unless it falls as snow which is blown 
into drifts until a concen able quantity has accumulated. As 10 
inches of light snow is the Heats nt of only 1 inch of rain and 1 inch 
of rain penetrates the surface soil to a depth of 6 inches, it will be 
readily seen ‘ie ine snows of ie 5 inches eee a very on amount 

the greater part of ea will be lost by evaporation. of moisture, 

While the normal precipitation of the six months from October to 
March, inclusive, is only 25 per cent ter the normal annual, the highest 
recorded precipitation for any month, with one exception, is 5.45 
inches in March, 1905. In five years of the ten recorded the precipi- 
tation in March has been less than 0.5 inch. The precipitation in the 
winter months has varied almost as much, in some years there being 
only snow flurries, while in others the snowfall sometimes ‘totals 20 
inches ina month. There has been a wider variation in the precipita- 
tion of the fail and winter, when moisture should be stored, than in the 
growing months. 

Early fall rains will be used by weeds unless the land is cultivated. 
Heavy winter snows may occur, but they are likely to blow off the 
fields unless there is either stubble or an uneven surface to hold them. 
The time and method of cultivation, then, should be planned to pre- 

vent weed growth and still leave the soil or stubble in such a condi- 
tion that it will hold the maximum of snow. The period when labor 
is available will also be an important factor in determining the time 
of plowing. When labor is scarce, cultivation other than plowing, 
which will kill weeds and can be done rapidly, may be resorted to. 
If this cultivation leaves the stubble on the surface or leaves the sur- 
face rough enough to hold snow, it may have even greater value than 
plowing. Disking or listing in the fall are the methods most com- 
monly used. 

EXPERIMENTAL WORK. 

The experiments in crop-rotation and cultivation methods at 
Akron afford an opportunity for a number of comparisons between 
fall plowing and spring plowing. In this paper only the time of plow- 
ing after small grain will be discussed. 

The practice has been to plow as early as practicable after harvest. 
The soil is then packed with a disk set straight and weighted. This 

1 See Briggs, L. J., and Shantz, H. L., Bulletin 284 of the Bureau of Plant Industry, entitled “The Water 

Requirement of Plants. I.—Investigations in the Great Plains in 1910 and 1911.” 
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leaves the surface somewhat rough and tends to pack the furrow slice 
down on weeds or trash plowed under. ‘The spring plowing for small 
grains has been done as early as weather conditions would permit and 
packed in the same manner as the fall plowing. Plowing for corn has 
been deferred until planting time. 

Table II presents the results with spring wheat on fall-plowed and 
spring-plowed oat stubble in two similar 3-year rotations, Nos. 4 
and 9, and from both the fall and the spring plowing of land con- 
tinuously cropped to wheat. In this latter comparison the fall plow- 
ing is deeper than the spring plowing, but this difference has not 
apparently affected the results sufficiently to prevent their com- 
parison in a study of the effects of time of plowing. 

Taste I].—Annual and average yields of spring wheat from fall-plowed and spring- 
plowed plats at the Akron Field Station, 1909 to 1914, inclusive. 

Yield per acre of grain (bushels). 
Rota- 

Treatment. tion 

No. | i909 | 1910 | 1911 | 1912 | 1913 | 1914 ae 

Fall plowed: 
TST Ne a ee ee 4 10.6 4.6 6.7 18.8 0.3 13.8 9.1 

Wheat stubble.-.........-.-.---- B 10.3 6.2 4.1 20. 7 -8 12.2 9.1 

Average for fall-plowed plats...|........ 10.5 5.4 5.4 19.8 -6 13.0 9.1 

Spring plowed: 
PARDO oo = <2 ec arin = se i) 14.3 6.3 72 20.3 1.0 PA 10.6 
WHEAT SLID DIOL. 22. oa cae. 2 tests | A 14.3 11.3 2.9 21.3 4.8 22.2 12.8 

Average for spring-plowed plats.|......-- 14.3 8.8 1.6 20.8 2.9 21.7 11.7 
Gain or loss of spring-plowed 

over fall-plowed plats.......-. Wass a 3.8 3.4] —3.8 1.0 2.3 8.7 2.6 

Table III presents in similar form the yields of oats from fall-plowed 
wheat stubble in rotations Nos. 1 and 3, from spring-plowed wheat 
stubble in rotation No. 2, and from both the fall and the spring 
plowing of land continuously cropped to oats. 

Taste I11.—Annual and average yields of oats from fall-plowed and spring-plowed 
plats at the Akron Field Station, 1909 to 1914, inclusive. 

Rota. Yield per acre of grain (bushels). 
vOld- 

Treatment. tion | 7 = = 

oun ee LODD 1910 | 1911 1912 | 1913 | 1914 |Average, 

Yall ploweas 
Mneat SUID Dew. 17. Fees cece P| 25 Gah Leni 13,6 56.8 7.2 85.9 25.8 

Dada coe ke' sd nie Sees tae eos 3 | 15,6 13.0 14.8 410, 0 4.7 36,6 20,8 

Oat stubble........... B 14. 1 8.0 15.9 16,9 6 36.9 20. 4 

Average for fall-plowed plats....]...... 18, 4 12.3 14.8 47.9 4,2 36.5 22, 
- | er — - | — — — 

Spring plowed: 
Wheat stubble...........-..--+- Di 18, SAM seRn eater || nd 6.0) |e ge 15 24,3 
DRAB DLO y day 3 - olde mo cee > =e A 21.1 10,9 | 4.4 41.9 6.6 39.4 20,7 

Average for spring-plowed plats.|..... 19.7} 12.9 | 3.0 14.4 11,6 43,4 22.5 
Gain or loss of spring-plowed } 

over fall-plowed plats.........|...... 1.3 -6| —11.8| —3.5 7.4 9 «1 
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Table IV presents the yields of corn from fall-plowed oat stubble 

in two rotations, from spring-plowed oat stubble in one rotation, and 

from both fall-plowed and spring-plowed wheat stubble in one rota- 

tion each. 

Taste 1[V.—Annual and average yields of corn from fall-plowed and spring-plowed 
plats at the Akron Field Station, 1909 to 1914, inclusive. 

Treatment. 

Fall lowed: 
atistulbblepesssscsceees eee eel 

Average for fall-plowed plats... - 

Spring plowed: 
Oatistibblebaeee ee eee eee eee ee 
aVWiheatishu bl Ossese eee eer renter 

Average for spring-plowed plats. 
Gain or loss of spring-plowed 

over fall-plowed plats......-.- 

Yield per acre of grain (bushels). 

1909 1910 1911 1912 1913 1914 |Average. 

26. 4 TY) 9.3 29.1 6.0 16.7 15.9 
20.7 5.0 9.2 34.3 0 14.7 14.8 
23.1 4.6 4.7 34.3 0 7. 12.4 

25.1 5.8 do 0, 32.6 2.0 13.0 14.4 

26.3 7.6 1.2 33. 7 10.3 17.4 16.1 
25.3 12.4 0 37.5 0 12.6 14.6 

25.8 10.0 6 35.6 5.2 15.0 15.4 

od 4.2} —7.1 3.0 3.2 2.0 1.0 

Table V presents the yield of winter wheat from two continuously 
cropped plats, the plowing of which was sometimes early and some- 
times late. 

Taste V.—Annual yields of winter wheat from plats plowed at different dates at the 
Akron Field Station, 1909 to 1914, inclusive. 

1914 

Plowed. | Yield. 

Plowing date and yield of grain (bushels). 

Plat. 1909 1910 1911 1912 1913 

Plowed. | Yield.| Plowed. | Yield.) Plowed. | Yield.) Plowed. lyiela. Plowed. | Yield. 

JN eee | Sept. 14 ae, Sept.18| 11.4 | Sept. 3} 1.7 | Sept. 8] 25.8 | Sept. 20 
Breese Sept.22 |) 12.9 |..do-.--.| 10.3 | Aug. 12] 6.8 | Aug. 15 | 26.7 | Sept.18 

3.3 
2.0 |..d 

Sept.30| 24.5 
-do....| 24.8 

SOIL MOISTURE. 

Some of the factors determining the yields of small grain are 
apparent to the casual observer. 
of weeds growing with the grain crop on fall-plowed land at the 
Akron Field Station. 

Another factor not so readily seen is the moisture content of the 
soil at the time of seeding. A knowledge of the exact percentage of 
moisture in the soil is not necessary. While the water-carrying 
capacities of soils vary with their composition and compactness, it 
may be taken as a working hypothesis that on the hard land of 
eastern Colorado the relative depths to which water has penetrated 
on different fields is a fair approximation of the relative amounts of 

One of these is the greater number 
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water available on them. For example, if one field is found to be 
wet to a depth of 14 feet and a second is wet to a depth of 3 feet it 
may be assumed that the second field has approximately twice as 
much water in it as the first field. In the discussion of soil moisture 
as related to time of plowing it is not necessary to consider the 
hygroscopic moisture, which is not available to the plants. 
Wheat plants at Akron readily root to a depth of 5 feet if the soil is 

wet from the surface to that depth and if there is not a more easily 
obtaimed supply nearer the surface. This soil will hold an average 
of 14 inches in each of the upper 5 feet, so that 62 inches of precipi- 
tation may be stored for the use of the crop. This would be suffi- 
cient under favorable wind and temperature conditions to produce a 
crop of 10.7 bushels of wheat per acre. 

In order to study the relative efficiency of different times of plow- 
ing in the accumulation of moisture in the soil and the relation of the 
moisture in storage to crop production, moisture determinations 
have been made at more or less regular intervals.?, A continuous 
record of the moisture content is available for only two plats under 
discussion. These are plats A and B, continuously cropped to 
spring wheat, and are probably representative in their moisture 
relations of all spring-plowed and fall-plowed plats, plat A being con- 
tinuously spring plowed and plat B continuously fall plowed. 

In Table VI are presented the data obtained in making the moisture 
determinations on these plats. The moisture content is shown in 
percentages of the dry weight of the soil. For example, 10 per cent 
means that for every 100 pounds of dry soil there are 10 pounds of 
water. In the table are shown the total water content at the time 
of sampling, the nonavailable water, or that which can not be utilized 
by the plants, and the water available for the use of the plant. 

The total water content needs little explanation. It is determined 
directly by weighing the sample of soil, drying it thoroughly, reweigh- 
ing, and determining the loss in weight. The difference in weight 
represents the amount of water. 

As water from the soil is used by the crop and the soil becomes 
drier, a point is reached below which the plants can obtain no more 
water. This point is called the ‘‘minimum point of exhaustion,” and 
the amount of water remaining in the soil below this point is termed 
“nonavailable.’ The minimum point has been determined by 
observing the behavior of the crop on the plat and by frequent sam- 
pling. By continuing such study through several years the minimum 
point can be determined quite accurately. 

1 See Briggs, L. J., and Shantz, H. L., op. cit. 

2 Moisture determinations are made through the cooperation of the Office of Dry-Land Agriculture and 

the Biophysical Laboratory. 
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TasLe V1.—Total, nonavailable, and available water in spring-wheat plats A and B on 
different dates at the Akron Field Station. 

[Data in percentages of dry weight of soil.] 

1908} 1909 1910 1911 1912 1913 1914 

Plat and depth. MEME tea Pep PS Pee he lcoll jc |= 

od meee Cabby (eerie ense dey i) ce nS |) i) Tes jas |) es 
=) orm i) sS a} ss oO fens) {S) a|)s 3) So | = 
ewe |e olen eho ene |S) \ 2 

Plat A (spring BPO we: i 
UE easy any Naa i 9. 4/25. 8/15. 3|20. 7} 6.9)10. 8} 7. 9)11. 7/21. 8}14. 3/14. 8)19. 2/18. 0/11. 7/19. 1) 8.8 

1 foot Nouavallable RA ae ee 7.0| 7.0) 7.0} 7.0} 7.0} 7.0) 7.0) 7.0) 7.0) 7.0) 7.0} 7.0) 7.0} 7.0] 7.0) 7.0 
Available =2- 22.2.2." .| 2.4/18. 8} 8.3]13.7) 0 | 3.8] .9) 4.7/14.8) 7.3] 7.8)12.2)11.0) 4.7/12.1} 1.8 

ROtalaeeeae ena res 11.8'21. 7)15. 2/17. 5/11. 5/12. 5]11. 3}11. 5/22, 9}13. 9/12. 6/18. 8)14. 1/12. 3/17. 6/11. 2 
2 feet’ Nonavailable._.......- 11.5/11. 5)11. SLL. 5/11. 5)11. 511. 5)11. 5)11. 5)11. 5/11. 5/11. 5)11. 5]11. 5)11. 5)11.5 

Available _............ .3/10.2] 3.7] 6.0) 0 | 1.0) O | O {11.4] 2.4] 1.1) 2.3] 2.6] .8] 6.1) 0 

Mo tall ppesmsareua ce ee 9. 6|12. 7/11. 4)12. 5)10. 2/10. 4) 9.0) 9.3)19.3]10. 7|/10.1)10. 7) 9.5} 9.3)10.0) 9.1 
3 feet{ Nonavailable.__..._... 9.3} 9.3] 9.3) 9.3] 9.3) 9.3] 9.3! 9.3] 9.3] 9.3] 9.3] 9.3) 9.3) 9.3] 9.3] 9.3 

cy ailalp lense wee te .3] 8.4] .1] 1.2) .9) 1.1) 0 | 0 |10.3] 1.4) .8| 1.4] .2/0 .71 0 

RO Gel eee ues Sey tat ...-| 9.2/11. 2/10. 4] 9.8} 9.4] 8. 0|_7.9]14. 2110. 4| 8.9} 9.5] 8.9! 8-0] 8.2) 8.3 
4 feet, Nonavailable......_... 8.0] 8.0) 8.0} 8.0) 8.0) 8.Q) 8.0] 8.0} 8.6} 8.0) 8.0) 8.0) 8.0} 8.0} 8.6] 8.6 

LSE Oo oe ee ..--| 1.2] 3.2] 2.4) 1.8} 1.4) 0 0 6.2) 2.4) .9) 1.5) .9) 0 Blues 

MOG antaeenenpetiae Sek ...-| 8. 6/11. 7] 9.7} 9.8}10. 6) 8.3} 8.0)/15. 6) 9.5} 9.6} 9.9/10. 0) 8.7) 8.2) 8.5 
5 feets Nonavailable.......... 8.2] 8.2] 8.2] 8.2) 8.2) 8.2) 8.2] 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2 

ANS RUE) 52 Soaks. 4 8Se 0) 125 SDNG Zeal es tO) Hoe Wasi ieee it, 7k dle Gi 5 BH) (0) 53 

SING Gals ay ane ee tees ...-| 7. 6}11. 7] 9.1] 9.6) 7.2] 8.5) 8. 8/12. 3/11. 7)11. 0/10. 0/20. 6} 8.5] 8.1) 8.1 
6 feet4 Nonavailable...._._._. 7.6| 7.6] 7.6] 7.6) 7.6) 7.6] 7.6] 7.6] 7.6] 7.6] 7.6] 7.6] 7.6] 7.6] 7.6] 7.6 

PN AMVEH ONE, ir oN on 0 4.1} 1.5} 2.0) 0 Siler ch gyal eee a a SO a8) LA od 
Plat B (fall plowed): 

TO tale eens aire 9, 6/25. 3114. 5)16.0 6.4 13.6 9.9)14. 4,19. 4|10. 8)17. 6/15. 9/12. 8/10. 5;17. 6) 7.4 
1 foots Nonavailable......._.. 7.0) 7.0} 7.0} 7.0) 7.0) 7.0) 7.0) 7.0) 7.0) 7.0) 7.0} 7.0) 7.0) 7.0} 7.0) 7.0 

Available 2.6/18. 3] 7.5) 9.0) 0 6.6) 2.9] 7. 4/12. 4) 3.8)10. 6] 8.9] 5.8) 3.5)10.6) .4 

INO GLARE sine SRR ta ans 10 8/22. 4/13. 2/15. 5/11. 9/18. 2/11. 5/11. 5/20. 5)20. 5/25. 0)11. 3/11. 6/10. 1/13. 7) 9.8 
2 feet, Nonavailable.........- £1. 5)11. 5/11. 5/11. SILL. S|TD. SLD. 5j11. 5/11. SLL. 5/17. 511. SAL. S11. 5D. 5/11. 5 

BAG VENTVE) LC eee eer 0 |10.9) 1.7) 4.0) .4) 6.7) O | 0 | 9:0) 0 | 3.5) 0 LION 252100 

RYO HEN Ci as Ga ho be 8. 6)14. 9/10. 1/11. 8} 9. 8/14. 8) 9.6] 9.2)14.2) 8.1) 9.7) 8.1) 8.6) 7.2) 9.5) 8.0 
3 feet? Nonavailable........-. 9.3) 9.3) 9.3] 9.3] 9.3] 9.3) 9.3] 9.3] 9.3) 9,3) 9.3] 9.3) 9.3) 9.3] 9.3) 9.3 

UArvailap lenin ea eta ee O S6Gh 5S) PkO 65) S.5: .BO 2 Gi-@) -410 |0 |0 -21 0 

TOL eer aie eraguin ee ..--{11. 1} 9.7] 9.8) 9.3/10.9] 9.8] 8.2] 9.4) 8.7] 8.6! 7 8.1) 6.5) 7.6) 7.0 
4 feet; Nonavailable_....2.-.. 8.2] 8. 2] 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2) 8.2 

AG all le eee anino nen SA PO te Te Th Peres WEG 90) ee Son a4) O) 0 0 0 0 

{Total SR Cree SUS Se pee Scr -/10.0} 8.1} 9.1] 8.7} 9. 5)10. 4) 8.9} 8.4) 9.7) 9.1) 7.5] 8.2) 6.6) 7.5) 6.4 
5 feets Nonavailable....._.__- 8.1) 8.1) 8.1) 8.1) 8.2) 8.1) 8.1) 8.4) 8.1) 8.1) 8.1) 8.1) 8.2) 8.1) 8. i) 8.1 

yAGV ail alto len amet ia saan NWO! aloe Gi) Ue Se po SH i NO) 2A O Om O 

Total. _. Nee ASO AUN aay |----| 6.7] 7.0} 8.6] 7.2) 8.0/10.0) 8.1) 7.8] 7.7] 8.3) 7.0) 7.0) 6.7) 6.5) 5.2 
6 feets Nonavailable.........- 7.01-7.0| 7.0) 7.0) 7.0) 7.0) 7.0) 7.0) 7.0) 7.0 7.0) 7.0} 7.0) 7.0 7.0) 7.0 

NSE WIE Ol ey ahaa ere leece Oa Oe sf Meh oA) TOPS O Ash 8) 37 1.3) SPO He). pO) 1} 20) 
} i | 

The water available for the use of the plant is computed by sub- 
tracting the nonavailable water from the total water content. It is 
the oeailable water in which the farmer is interested. This, together 
with the rainfall during the growing season, represents the total water 
supply for the production of crops. In order to show more clearly 

the available water, figure 1 has been prepared. In it are presented 
graphically the relative amounts of available water in each foot-sec- 
tion, as shown in Table VI. At the left of the figure is shown the 
depth represented in foot-sections from 1 to 6 feet. The dates the 
determinations were made are shown at the top of each column. 
Hach division of the black column represents the percentage of water 
in that foot-section available for the use of the plants on that date. 
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As already stated, the percentages are computed on the dry weight 
of the soil, and, as the weight of the soil in the first foot is less than 
in those below, the percentage of moisture must be higher to indicate 
an equal amount of water. For example, the percentage of moisture 
on April 9, 1912, on plat A in the first foot was higher than for the 
second, but the actual amount of water in each of the 2 feet was the 
same. The weight per cubic foot of the lower 5 feet is nearly the same, 
so that a comparison of moisture percentages is also a direct compari- 
son of moisture content. 

DEPTH 1508 1909 1909 1910 1910 191) 191) 191) 1912 1912 1912 1913 1913 1913 1914 1914 
INFEET 70g.27 apr? Aug2s Mari7 Jol/o Apr® flugiS Ocl30 ford Aug? Oct29 AprS Sulad Octe Man2d Sul 20 

SS, 

F | 

Wic. 1.—Graphs showing the amounts of water available to wheat in each of the upper 6 feet of soil at 

certain di of sampling at the Akron Fieid Station, for the years 1908 to 1914, inclusive. Plat A is 

pring plowed, plat B is fall plowed, and both are continuously cropped to spring wheat. 

A small percentage of moisture in any foot does not necessarily 
mean that the moisture was evenly distributed through that foot. It 
may have been contained in a few inches of one foot. The determina- 
tions of October 30, 1911, show 4.7 per cent in the first foot of plat A, 

all of which was probably in the upper 8 inches. The soil is usually 
exhausted of available moisture at the time the small grain is har- 

vested. One exception to this was plat A, on August 7, 1912. The 

summer precipitation had been so heavy that all the water in the 
soll on April 9, 1912, had not been needed in the production of the 

crop. The spring sampling of April 7, 1909, showed a little higher 
moisture content in plat B than in plat A. The difference was in the 

third and fourth feet. 
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The sampling of April 17, 1910, shows a higher moisture content in 
the first and second feet of plat A than in the corresponding feet in 
plat B. 

The sampling of April 8, 1911, shows about six times as much water 
in plat B as in plat A. 

On April 9, 1912, plat A contained more than twice as much avail- 
able moisture as plat B. As the greater part of the moisture in plat A 
was due to snow held by the stubble, it is probable that the snow 
melted and the stubble refilled several times during the winter, and 
as the increase in the moisture in this plat from October 30, 1911, to 
April 9, 1912, was greater than the precipitation during that period, 
the snow must have drifted on to this plat from adjacent fields. 

The moisture in the soil on April 15, 1913, was all in the first foot. 

The amount in plat A was slightly greater than in plat B. 
In the late fall of 1913 there was but little moisture in the first foot 

of plat B. This was slightly increased during the winter of 1913-14. 
Plat A contained much less water at the time of sampling in the late 
fall. There was an increase in the amount in the first, second, and 
third feet during the winter. The grain yield from plat A was 82 per 
cent higher than that from plat B, while the total yield of straw and 
grain was only 16 per cent higher. 

In 1909, 1910, 1913, and 1914 there were but small differences in the 
moisture content of the two plats at the time of seeding, and in those 
years the better yields were from spring plowing. In 1911, when there 
had been a heavy precipitation the previous August, there was a very 
pronounced difference in favor of fall plowing. In 1912, when there 
was moisture to the depth of 6 feet in plat A and 3 feet in plat B, the 
yields were nearly equal. This was chiefly due to the heavy summer 
precipitation, which supphed the crop without its having to depend 
on stored water. 
A comparison of annual yields from spring plowing and fall plowing 

shows considerable differences every year, except in 1912, when the 
summer precipitation was high enough to produce good yields with 
little or no stored moisture. In five years out of the six wheat and 
corn have averaged better on spring plowing than on fall plowing. 
In those five years there is not an instance where either the spring- 
plowed wheat or corn plats dropped below the average of the fall- 
plowed plats. 

The oat yields each season show a slightly greater variation than do 
the yields of either wheat or corn, but still they must be considered 
consistent. In four of the six years the average yields from the 
spring-plowed plats were higher than those from the fall-plowed plats. 
These were the years when spring plowing gave the better results with 
both wheat and corn. The only year that oats gave a higher yield 
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from fall plowing, when wheat and corn gave higher yields from spring 
plowing, was 1912. This was a year when the yields of oats were near 
the maximum in that locality for the variety used—Kherson. In 
only one year (1911) out of the six did fall plowing give the best 
results with all three crops. This also was the year in which early 
fall plowing gave a marked increase over late plowing with winter 
wheat. 

The yields of winter wheat on plats A and B, presented in Table V, 
are of interest. Three years out of the six one plat was plowed earlier 
than the other. The condition of the surface of the plats during the 
winter was the same, both being devoid of stubble and equally level. 

The only important difference in treatment was the time of plowing. 
In all three instances the higher yields have been on the earlier plow- 
ing. The only marked difference, however, was in 1911, when the 

earlier plowing had been done immediately after heavy rains and a 
large growth of weeds occurred on the later plowed plat before it was 
plowed. In the three years when there was no difference in time of 
plowing there was no difference greater than 1.3 bushels in yields. 
While this was a difference of more than 60 per cent, it will be noted 
that both plats were practically failures in that year (1913). In the 
six years the only marked difference in yields was in 1911, when the 
plowing was done 22 days earlier on plat B than on plat A and plat 
B yielded 5.1 bushels more than plat A. Except when early plow- 
ing had stored moisture by stoppmg weed growth, there was no 
marked difference in yields. The late fall plowimg usually lost 
available moisture by weed growth, which was not offset by a greater 
winter accumulation, as in spring plowing. 

In studying each year separately it 1s necessary to consider the 
precipitation. Data on the moisture content of the soil in the fall 
and spring and at harvest time will aid in giving an idea of the relative 
importance of fall and winter precipitation and the amount used by 
the crop. 

Figure 1 shows that in the fall of 1908, up to which time the plats 
had had uniform treatment, there was no moisture in the soil available 
to plants. August and September were very dry and plowing was 
not done until the weeds had been killed by frost. While there was 
heavy precipitation in November, 1908, and in March, 1909, the 
increase in moisture content was practically the same, the third foot 
of both plats being partially filled. Plat A gave a yield of 14.3 
bushels, and there was still some moisture available at the time of 
harvest. The greater number of weeds growing with the wheat in 
plat B probably accounts for the greater loss of moisture and the 
smaller yield. This statement is borne out by the yields of corn, 
which were practically the same from both the spring and the fall 
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plowing. The corn was given clean cultivation. The spring-plowed 
wheat plats averaged 3.8 bushels and the spring-plowed oat plats 1.3 
bushels per acre more than the fall-plowed plats. 

The heavy rains in August and early September in 1909 prevented 
thrashing and delayed fall plowing until the latter part of September. 
By that time the heavy growth of weeds had used the soil moisture 
resulting from the precipitation of August and September, and plat 
B plowed up dry and lumpy. No moisture determinations were 
made at this time, but it is only fair to assume that plat A was equally 
dry, as it also had produced a heavy growth of weeds. In the spring 
of 1910 the moisture content of plat A was decidedly greater in the 
first and second feet and slightly greater in the third foot than it was 
in plat B. This increase in moisture content was due to the snow 
held by the stubble on plat A. At harvest time the moisture was 
exhausted in both plats, but plat A gave a yield of 11.3 bushels and 
plat B yielded 6.2 bushels. 

The smali difference in moisture content in the spring could not 
account directly for the difference in yields, but the slightly larger 
amount of moisture in plat A may have caused a quicker growth, 
which crowded out the weeds. All three crops were better on spring 
than on fali plowing. The corn, in which weeds were not a factor in 
determining the yield, showed a difference in favor of spring plowing. 

As the moisture in both plats A and B was exhausted at harvest 
time, their moisture content was probably the same when plat B was 
plowed, August 12, 1910. 

The early plowing of plat B prevented weed growth on it, and the 
greater part of the heavy rains of August and September was stored 
until the following season. Practically all the water from these rains 
was used in the fall by a heavy growth of weeds that occupied the 
plats which were to be spring plowed. Light precipitation during 
the winter of 1910-11 added very little water to the seil; conse- 
quently the spring-plowed plats had much less moisture in the spring 
than the fall-plowed plats. The yield was 4.1 bushels of wheat from 
plat A and 15.9 bushels from plat B. All the moisture had been used 
from both plats. Every fall-plowed plat gave a better yield than was 
obtained from any spring-plowed plat. 

Plat B was plowed on August 16, 1911, immediately after a rain 
of jinch. There were only light rains during August and September, 
which slightly increased the moisture content of the first foot in plat 
B but made no change in plat A. The heavy snows of February and 
Mareh were held by the stubble on plat A. In melting they filled its 
soil to a depth of at least 5 feet. There was no change below the 
third foot in the water content of plat B. 

The precipitation of the growing season was so heavy that none of 
the crops suffered from lack of moisture. The yields from fall plow- 
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ing and spring plowing were nearly equal. At harvest there was a 
all amount of moisture in plat A to a depth of 6 feet, while that 
in plat B had been exhausted. 

The remainder of the moisture in plat A was used by weeds, and 
at the time plat B was plowed, September 18, 1912, the moisture in 
both plats was equal. In the spring of 1913 the first determination 
showed there had been a slight increase in the water content of plat 
A toa fepth of 3 feet, while there had been an increase in only the 
first foot of an B. The water in plat B was so nearly exhausted 
by the first week in June that the crop was burned beyond recovery, 
while plat A had water enough, supplemented with a light precipita- 
tion, to produce 4.8 bushels of wheat. The yields from all plats were 
very low, but the average yield was higher for all three crops-on 
spring plowing. 

The light precipitation of August and September, 1913, did not put 
the soil m condition for plowing until October 14. There was very 
little weed growth in the fall and the sampling of October 2 shows 
very little stored water. The water content of plat A in the spring 
was twice as great as that of plat B, but neither had an appreciable 
amount of available water below the second foot. While there was 
but a small difference in the moisture content of the two plats, the 
yield of grain from plat B was only 55 per cent of that from plat A. 
The yield of straw was the same from each. The slight difference in 
water content in favor of plat A, with the smaller number of weeds 
in the grain and a normal precipitation during the growing season, 
had enabled it to produce a good crop of grain, while plat B had 
dried up before maturing. 

SUMMARY. 

The average yields from spring and from fall plowing show that 
the blind following of a rule prescribing any particular time of plow- 
ing might cause a reduction as often as it does an increase in the 
yields of the three spring crops of wheat, oats, and corn. The very 
small difference in yield each year from plats plowed at the same 
time, when compared with the greater difference from plats plowed 
at different times, indicates that the time of plowing is one of the 
most important of the controllable factors in crop production. 

The great variation in the time and amount of precipitation is the 
important climatic characteristic of this region in eastern Colorado 
that must be kept constantly in mind when considering the time of 
plowing. No dependence can be placed on a heavy precipitation in 
August and September, yet it frequently occurs. When there is such 
precipitation, measures should be taken to conserve it. Weeds being 
the important factor in its dissipation, cultivation to destroy them 
should be given as soon as possible after the occurrence of rains in 
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those months. Precipitation that comes after the weeds are killed 
by frost in the fall is as well stored by soil covered with dead weeds 
as by a turned furrow. Usually there is greater increase in moisture 
content in the spring-plowed plats during the winter than there is in 
the fall-plowed plats. This is due to the snow held by the stubble 
on the land which is to be spring plowed. Sometimes there is a very 
decided increase of the moisture in the spring-plowed land, which, 
with a normal summer precipitation, makes a great difference in 
yields. 

Moisture content in the spring is but one of the factors in the pro- 
duction of grain crops. Weeds growing with the crop may use enough 
water to decrease the grain yield materially. Fall plowing at the 
Akron station is especially favorable to weeds starting with the grain. 
Plowing in the spring thoroughly eliminates the weeds and, if done 
immediately before seeding, gives the grain crop the start of them. 
No other cultivation is so effective in destroying weeds as plowing. 
The ideal cultivation would prevent weed growth in the fall, leave 
the land in such a condition that it would retain the maximum of 
snow in the winter, and retard the germination of weed seed until 

the crop starts in the spring. 
Early fall plowing effectively destroys weeds which use the early 

fall precipitation, but it does not leave the land in condition to retain 
the snow in the winter and it gives the weeds an opportunity to start 
before the crop. Spring plowing leaves the stubble to retain snow 
and reduces the number of weeds in the growing crop, but it does not 
prevent the loss of moisture by weed growth in the fall. 

In deciding the time to plow, the advantages and disadvantages 
of both spring plowing and fall plowing must be taken into considera- 
tion. Heavy rains in August indicate that fall plowing should be 
done, as the gain in moisture during the winter by stubble land prob- 
ably would not equal the loss by weeds in the fall. If only light rains 
occur, their loss probably would be more than offset by the greater 
quantity of snow held by the stubble during the winter and the reduc- 
tion of the weeds in the crop. Spring plowing would then be the 
better. The availability of labor in the fall will influence the amount 
of plowing done, but a greater effort should be made to do the plowing 
if there is heavy precipitation than if it is light. The only advantage 
in late fall plowing is that the amount of spring labor in preparing 
a seed bed is reduced. This advantage may be offset by a reduction 
in yield. 

CONCLUSIONS. 

(1) Karly fall precipitation is used by weeds if land is left unculti- 
vated until spring. 

(2) Stubble prevents much of the winter snow from being blown 
off. The increase in soil moisture from this source usually more 
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than compensates for the loss by weed growth of the precipitation of 
August and September, when such precipitation is light. 

(3) Late fall plowing does not prevent the loss of early fall precipi- 
tation through weed growth, but it does destroy stubble, which would 
aid in holding winter precipitation. 

(4) If heavy rains occur in August or September, plowing should 
be done immediately after they cease. If this can not be done, or if 
heavy rains do not occur, the land should be left in stubble until the 
following spring. 

(5) The ideal cultivation would prevent weed growth in the fall, 
leave the land in condition to retain the maximum quantity of snow 
in the winter, and thoroughly destroy small weeds immediately before 
seeding. Possibly this may be accomplished by disking in the fall 
and plowing in the spring, or listing in the fall and bursting the ridges 
in the spring may prove practicable. 

(6) In deciding when a field in this part of eastern Colorado should 
be plowed, the question whether a greater amount of water will be 
accumulated from snow than will be dissipated by weeds is para- 
mount and must be decided by the man on the ground. 

WASHINGTON : GOVERNMMNT PRINTING OFFICH ; 1915 
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THE SHARP-HEADED GRAIN LEAFHOPPER. 
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Investigations. 

INTRODUCTION. 

The sharp-headed grain jassid or leafhopper (Draeculacephala mol- 
lipes Say) has long been known to infest cereal and forage crops, 
principally grains and grasses. It is probably one of the most com- 
monly observed insects of the farm, ranging throughout practically 
the entire United States. However, as Prof. Herbert Osborn re- 
marks,! ‘‘it seems to have received much less notice from the economic 
standpoint than it merits.” 

The observations and facts set forth in this paper are the result of 
an entire year’s work on the species in the Salt River Valley of Ari- 
zona during 1914, together with occasional observations elsewhere. 
With these data have been included the results of various miscella- 
neous observations made by other assistants engaged in cereal and 
forage insect investigations in the Bureau of Entomology. 

The most extended account of this species previously published is 
included by Prof. Herbert Osborn! in Bulletin 108 of the Bureau 
of Entomology, and the aim of the present paper is to supplement 
Prof. Osborn’s excellent treatise from which the author has freely 
quoted. ‘The sharp-headed grain jassid was described by Say in 1831, 
mentioned by Dr. Asa Fitch in his list of insects in 1851, and was 
commented upon by Prof. P. R. Ubler in 1884. Prof. H. Garman 
describes it as a corn pest in 1890 in the second Annual Report of 
the Kentucky Agricultural Experiment Station, and Prof. Osborn 
gave an account of the species in Bulletin 22, Division of Entomology, 
U.S. Department of Agriculture, and in 1891, 1892, and 1897 added 
materially to the knowle dge of the spec ies, his account in 1912 being 
the last published treatise on the species. 

1! Osborn, Herbert. Leafhoppers affecting cereals, grasses, and forage crops. U.S. Dept. Agr., Bur. 

Ent., Bul. 108, 123 p., 29 fig., 4 pl., Sept. 12, 1912. Sce p. 56. 

Nore.—This paper is of interest to entomologists throughout the United States, 

93349°—Bull, 254——15 
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ECONOMIC IMPORTANCE AND MODE OF INJURY. 

The economic importance of the Jassidz has never been fully appre- 
ciated by the farmer and planter, nor have these insects been given 
the attention which they deserve, even by entomologists. Especially 
is this true of the sharp-headed grain jassid, one of the most widely 
distributed species with a great variety of food plants. While it 
probably may not become a destructive pest over wide areas, there 
is always the possibility of local outbreaks which may cause serious 
injury and temporary losses, as exemplified by the attack upon 180 
acres of corn on the farm of Dr. O. R. Stewart, Palatka, Ark., during 
July, 1912. It no doubt cccurs in small numbers every year over its 
entire range of distribution and causes secondary injury to grain 
and pasture grasses by attacking vigorous growing plants, hindering 
and interfering with their growth and development, and already weak- 
ened and unhealthy plants, hastening their death or permanently 
dwarfing them. 

The greatest damage inflicted by the sharp-headed leafhopper is to 
young and tender grain crops by the feeding of nymphs and adults 
during the fall and early spring months. To corn and other crops the 
greater damage is done during the summer months. Because alfalfa 
is of such rapid growth the apparent injury to the crop will probably 
always be very slight. 

There are three classes of injury, the most important of which is 
the direct injury caused.by the feeding of nymphs and adults, in 
puncturing leaf and stem tissue and sucking the juices therefrom. 
An occasional feeding puncture in a leaf or stem would not of itself 
do appreciable harm, but when there is a concentrated attack upon 
a plant by from 10 to 50 nymphs or adults the injury becomes ap- 
preciable. In many instances the author has observed leaves with- 
ered throughout from this cause. The early stages of injury are in- 
dicated by a yellowing of the tissue around the feeding punctures, 
which are in themselves so small as to be hardly visible to the naked 
eye. Following the yellowing there is a drying and deadening of 
tissue which turns reddish brown, giving the leaf or stem a spotted 
appearance. 

Ordinarily the feeding of the nymphs is more injurious to a plant 
than that of the adults because usually there are to be found a great 
many more nymphs than adults on the same plant. It is believed 
that nymphs, after hatching from the eggs, often remain on the same 
plant during the first two or three instars. The feeding of the 
nymphs in grain is practically limited to the throats of the plants; 
however, they will feed on almost any tender or succulent part. 
In the case of alfalfa the feeding is done on the underside of the 
leaves and upon young tender stems. The adults feed freely upon 
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the stems and leaves, especially along the midribs, of grains, grasses, 
and alfalfa. Their feeding causes very young alfalfa plants to grow 
slim and spindling. 

Another form of injury is produced by the adult female in punc- 
turing and constructing in leaves and stems the pockets for ovi- 
position. A slit is made in the leaf or stem, and the eggs are thrust 
through this slit under the epidermis. These egg pockets cause a 
distortion of the surrounding plant tissue which later turns yellow. 
When four or five egg pockets are made in a single leaf of a young 
grain plant the injury resulting to the leaf is quite marked, and 
when several leaves on the same plant, as is often the case, are so 
affected, the entire plant is bound to be more or less injured. 

The third mode of injury is caused by spores of fungous diseases 
gaining entrance to the plant tissue through the feeding punctures 
and ege-pocket slits. It is more than probable, but as yet has not 
been positively determined, that -jassids themselves carry and dis- 
seminate the spores of rust and other fungous diseases. 

DISTRIBUTION. 

As Prof. Osborn has noted,’ this jassid has an extremely wide 
distribution. In this country it ranges from the Atlantic to the 
Pacific and from the strictly boreal portions of Canada south into 
Mexico. It has been recorded by assistants of the Bureau of En- 
tomology from 35 States, representing all sections of the United 
States excepting New England, where, although in all probability 
it occurs, no available records show its presence.. 

FOOD PLANTS. 

The author has taken the nymphs and adults in large numbers 
from wheat, barley, oats, alfalfa, bur clover (Medicago denticulata), 
sour clover (Melilotus indica), Johnson grass (Sorghum halepense), 
wall barley (Hordeum murinum), and many other native grasses of 
the south and southwest. The adults alone have been observed feed- 
ing upon kafir corn, sorghum, cowpeas, vetch, and Bermuda grass. 
In addition to this list Prof. Osborn reports! having taken the 
species from rye, bluegrass, and brome grass. Other assistants of 
the Bureau of Entomology have noted the species as feeding on corn 
and timothy. It is very likely that a complete list of food plants 
would include several other cultivated crops and innumerable weeds. 

DESCRIPTION. 

The following is a copy of the technical description (Tettigonia 
mollipes) by Say, published in 1831: 

Body yellow; head elongated, acute before; beneath the eyes a brown line, which 

is contained on the pectus; thorax green, a broad anterior and lateral yellow margin; 

1 Op. cit., p. 57. 
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scutel greenish-yellow; hemelytra green; nervures paler; exterior and apical margins 

pale yellow or whitish; a pale yellowish, capillary, oblique line from the humerus 

to the inner margin; tergum black-purple, lateral edge and tip yellow. 
Length to the tip of the hemelytra over three-tenths of an inch. 
A common species. 

A simple description which will enable the farmer or uninitiated to 
recognize the species in its several stages is given below: 

ADULTS. 

(Fig. 1, a-.) 

Color bright grass-green, head very sharply pointed, of a slightly 
lighter green than body. Face marked with oblique lines. Males 
noticeably smaller than females, and with black venter. Venter of 
female lighter than wing covers. 

EGGS. 

(Fight 2) 

The eggs are white; when first deposited they are rather trans- 
parent, later becoming opaque. They are irregularly elongate in 
form, comparatively blunt at both ends, and about three times as 
long as wide. The head end of the egg is somewhat bulging. Eyes 
of the immature nymph show through the eggshell as red spots a 
few days before hatching takes place. Table I, taken from the notes 
of Mr. V. L. Wildermuth, an assistant of the Bureau of Entomology, 
gives the egg measurements. 

TaBLe I.— Measurements of eggs of the sharp-headed grain leafhopper. 

Bas. Lending oie MERTEN (|| Aaa 
Mm. Mm. Mm. 

APTS SP epee te Sg eet 1. 40 0. 35 0.15 
Dian eee Se 1. 25 . 40 . 10 
Dears emis ete 1.40 . 40 . 125 

Average...... 1.35 . 38 . 125 

NYMPHS. 

(Fig. 1, gj, 1.) 
In general the nymphs resemble adults in shape and color, the most 

noticeable difference being in absence of wings and wing covers, and 
in size. 

First-nstar nymphs (fig. 1, 1).—Color light yellow-green, uniform 
but somewhat darker on dorsal side of last two abdominal segments. 
Legs a cottony white. One dorsal stripe of lighter yellow running 
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entire length of body from vertex to tip of abdomen. Two dark 
spots at rear of head, one on either side of dorsal stripe. No hairs 

Fig. 1.—The sharp-headed grain leafhopper (Dracculacephala mollipes): a, Adult from above; b, face; 

c, vertex and pronotum; d, female genitalia; c, male genitalia; /, wing; g, h, nymphs; 7, anal segment 

of Jast-stage nymph, showing genitalia of male; j, anal segment of last-stage nymph, showing female 

genitalia; k, eggs inserted in blade of wheat; /, freshly-hatched nymph. a-k, Enlarged; 1, greatly 

enlarged. (a-h, !rom Osborn; i-/, original.) 

or spines. Head very blunt, in contrast with nymphs of later instars. 
Average 1.5 mm. in length. 
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Second-instar nymphs.—Average length 2.5 mm. Head more 
pointed or acute. Black-line facial markings becoming distinct. 
Light median dorsal stripe remaining. 

Third-instar nymphs.—Average length 3 mm. Spines on hind 
legs prominent. More mottled with gray markings. Head larger 
but not more pointed or acute. Dorsal stripe remains, extending to 
tip of abdomen. Eyes darker and more prominent. First indication 
of wing pads. 

Fourth-instar nymphs.—Average length 4.2 mm. Head more 
pointed. Black-line facial markings very distinct. Dorsal stripe 
remaining. Spines on legs prominent. Wing pads larger. 

Fifth~instar nymphs.—Average length 5mm. Body darker green. 
Eyes slightly lighter green than body color. Hairs on tip of abdomen. 
Head slightly more pointed. Wing pads well developed and opaque. 

COLOR FORMS OF ADULTS. 

In 1913 Mr. Wildermuth noted many adults of a brown color. 
Thinking these might be another species specimens were sent to 
Prof. Osborn for determination, who replied to the effect that ‘‘the 
brown form is a variation ofthe green form which is usually the 
most common.’ The writer observed many of this brown form 
during January and February, 1914, but was unable to find a single 
brown individual during the spring and summer months. All adults 
reared from brown parents were entirely green and remained a true 
green until death. Because brown-form adults have been found 
only among the wintering adults the writer is inclined to believe that 
the brown coloration is due to a fading of the green pigment caused 
by prolonged life, as is the case with wintering adults, or by extreme 

weather changes. Recently Prof. Osborn has remarked that his 
‘collection of brown individuals at El Paso, Tex., March 3, 1910, 
bears out the supposition that these may be old and faded speci- 
mens.” 

LIFE HISTORY AND HABITS. 

As with all jassids, this species has three stages in its life cycle, 
namely, egg, nymph, and adult. The adult female deposits her eggs 
in pockets in leaves and stems, and these eggs hatch under Arizona 
conditions in from 3 to 35 days, depending upon the temperature. 
Through a series of five molts the nymphs increase in size, develop, 
and with the last molt transform to the adult. The length of the 
nymphal stage, as with the egg stage, depends largely upon the tem- 
perature, averaging 30 days in Arizona. 

NUMBER OF GENERATIONS. 

The number of generations a year will vary in different parts of the 
country according to the various climates, and is likely to fluctuate 
from year to year in accordance with seasonal variations. Prof. 
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Osborn remarks that in Ohio “‘there are clearly two distinct genera- 
tions annually.’”’ In the Southern States, where there are more 
generations, these are not so clearly distinct, due to an overlapping 
of the three stages during the summer months. Because of this 
overlapping of the egg, nymphal, and adult stages it is very difficult 
to determine the exact number of generations from field observations. 
By the use of breeding cages it was possible to determine that there 
were six distinct generations for southern Arizona during 1914. 
The cage experiments checked up very closely with field observations. 
Thus the number of generations may vary from two to six. 

For southern Arizona the first spring generation extended over 
February, March, and April; the second, over May and the first half 
of June; the third, over the last half of June and July; the fourth, 
over August; the fifth, over September; and the sixth, over October 
and November, the adults of the sixth generation living over winter 
and ovipositing in February for the following spring generation. 

LENGTH OF EGG STAGE. 

The length of the egg stage in southern Arizona was found to vary 
from 3 to 35 days, depending upon the temperature, the average 
being 12 days. Table II gives the length of the egg stage, with the 
corresponding temperatures, and plainly shows that the length is 
materially shortened during the summer months. 

Tas ie Il —Length of the egg stage of the sharp-headed grain leafhopper, Tempe, 
Ariz., 1914. 

7 - Average 
ate o mean Nuuaber oviposi- eae Length of tempera- 

of eggs. tion. atching.| egg stage. ture during 

egg stage. 

| 
| Days. Seoe 

4| Feb. 41} Mar. 11 35 59. 0 
16 | Feb. 13 d0sseee 26 61.7 
6 | Feb. 19 | Mar. 12 21 67. 4 

H 6| Mar. 51] Mar. 20 15 65. 9 
3 | Apr. 5] Apr. 20 15 70. 4 
5 | May 8] May 16 8 74.3 

| 7| May 11] May 18 7 74.3 
We or hee May 16 5 74. 1 

10 | June 19 | June 28 9 85. 0 
9| July 29] Aug. 1 3 93. 0 

14 | Aug. 28} Sept. 2 15 82.8 
201 Oct; 1 Oct. 1% 4 71.0 

Average..... 12.75 

SUMMARY, SHOWING CONDENSED AVERAGES. 

When The aver- 
length of | age mean 
egg stage lempera- 

averaged ture was— 

Days. Sa 
27.3 62.7 
15. 0 68. 1 

8.0 77.8 | 
4,2 80, 2 
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From the notes made by Mr. V. L. Wildermuth at Tempe, Ariz., 
during February and March, 1913, the length of the egg stage is 
shown in Table III to be practically the same as found by the writer 
for those months. 

Taste III.—Length of egg stage of the sharp-headed grain leafhopper, Tempe, Ariz., 
February and March, 1913. 

Date of oviposition. tepkioe cies 

Days. 
SID al cia we Mar. 29 36 
IGS AD-nses SeeMee Mar. 18 21 
eb eZines ik aie es Mar. 22 23 
RED MO ee oie iee sot Mar. 25 26 

ANCrages-. -): eee eee 26.5 

LENGTH OF NYMPHAL STAGE. 

As with the egg stage, the length of the nymphal stage varies with 
the temperature. Prof. Osborn’s observations in lowa show that the 
nymphal stages extend over from early spring until the latter part 
of June and from the second week in August until nearly winter, 

Where the temperatures are higher and the summer season more 
prolonged the length is considerably shortened. The observations 
at Tempe, Ariz., show that the average length varies from 20 to 51 
days, according to the temperature. Table IV gives the length of 
the nymphal stage of each of the six generations and the lenge 
of each instar. 

Taste I1V.—Length of nymphal stage of the sharp-headed grain leafhopper, Tempe, 
Ariz., 1914. 

FIRST SPRING GENERATION, MARCH, APRIL, AND MAY, 1914. 

se) = a is) \3 Ke) ie) g a 3 nc ai tes 
a S ‘s =| S = A ve , = oe © 

Be | 8 |e Ss Sit Se sooo aaa 
| ay ZB S H BS ea 25 ws H 45 Snir = SH oy 
3 q s ra SS] sc OS | ws | SS il Sire °s | aa 
| Be Gale core z i. Z os Zi Bl cl a5 Se! | re & | ss ae A [ss | 76 

& >) 0 ‘ D ro) 2) >) on C) a) 3 EB teil oe edie |e ee 
Z A A ia) A A A a | A a jes 

| 

Days Days. Days Days ‘Days. |Days 
Mar. 4 | Mar. 14 10 | Mar. 25 11 | Apr. 4 10 | Apr. 13 9 | Apr. 23 10 50 
Do Mar. 10 6 | Mar. 18 8 | Mar. 30 12] Apr. 8 9 | Apr. 20 12 47 

Mar. 10 | Mar. 23 I3h} Apr: $2 10 | Apr. 8 6 | Apr. 14 6 | Apr. 23 9 44 
Do....| Mar. 19 9 | Mar. 28 9| Apr. 6 9 | Apr. 13 7.| Apr. 21 8 42 

Mar. 8} Mar. 17 OuwAspr aad UGy eels - 5 | Apr. 11 5 | Apr. 20 9 43 
Mar. 11 | Mar. 19 ES) HEN ee a ee a i oh aL AD A ee ta CO: sera see 40 
Mar. 10 | Mar. 24 14] Apr. 3 10 | Avr. 8 5 | Apr. 14 6 | Apr. 25 11 46 
Mar. 12| Mar. 26 14 | Apr. 7 12 | Apr. 16 0) 4 eerste al iene ANDI s tall eee 45 
Mar. 8| Mar. 22 14) Apr. 2 DNS PADI. aaa 5 | Apr. 17 10 | Apr. 28 11 51 
Mer. 10 | Mar. 25| 15) Apr. 6 12) Apr. 11 5 | Apr. 20 9} Apr. 30 10 51 
Mar. 20 | Mar. 21 1S Asp rss sai LG ACT cme 5 | Apr. 14 8S Osees 16 Al 
Mar. 6] Mar. 19 13 | Apr. 3 15 | Apr. 13 10 | Apr. 17 4| May 2 15 57 
Mar. 12} Mar. 27 15 | Apr. 8 Wd | cakes = = 5 | Apr. 20 7| May 5 15 54 
Mar. 7/| Mar. 19 12°) Apr 7 13 | Apr. 7 OQ lcceGW e555 13 | May 6 16 60 
Mar. 20} Apr. 6 17) Atprs 13 7! Apr. 16 3!) Apr, 23 7| May 7 14 48 
Mar. 8| Mar. 27/ 19] Apr. 6] 10| Apr. 13 7 | Apr. 20 17 Ose 760 
Mar. 20; Apr. 4 15 | Apr. 11 7 | Apr. 16 5 | Apr. 21 5 | May 8 17 49 
IDO Se | More SG 17 | Apr. 13 7| Apr. 17 4 | Apr. 28 11 | May 9 11 50 

Mar. 21] Apr. 2 12| Apr. 8 6 | Apr. 13 5 | Apr. 20 Mile Ones 19 49 
Mar. 20] Apr. 4 15) | Sad Osean Aa| dos seas 5 | Apr. 29 16 | May 11 12°) 52 
Mar. 18 | Mar. 30 12 | Apr. 6 | 7| Apr. 11 ET! Peeceoacce|sdesos seal OSs e acne 54 
IMRT aT ON ee | ae Tagah aye nb es aoa 7| Apr. 20| 9 | May i2| 221 63 
Mar. 20| Apr. 2 13 | Apr. 6 4| Apr. 14 8 | Apr. 24 10 | May 15 21 56 

Avera oyu 13527 Ese wee Oy 55 |). aaa Gel eee dees a2 SUE Saseuels | 13.8 | 50.1 

1 Total of averages of instars, 51.1 days. 
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TaBLe 1V.—Length of nymphal stage of the sharp-headed grain leafhopper, Tempe, 
Ariz., 1914—Continued. 

SECOND GENERATION, MAY AND JUNE, 1914. 

rd = “ bs) uo) is) be) q FS a ee ue 
oO [s) = (=| 1S =I =I > ~~ ~ ~ (a0) 

So =| S) S) 5 6 =I S| Se e 0) 

eee ieee steel” Mee Mes Sel o7. lee Se n = Y ae ‘A w . SS a 

ot Rae ee eee ys eS es Claes ror, WS lec 
as 3 |ss| °8 |ss BF jes] °8 |sé A les] 73 
Mee (eh Sle |e Meee es le lee 
mB oS is} 3 3 3 

Z Ae hist A a a a A Ss a a |ea 

Days. Days Days Days. Days. |Days. 
May 15| May 21|- 6)| May 26 5 | May 31 5 | June 7 (os a Sees actacted ne Sere ae oie 
May 14] May 22 8 | May 28 6| June 2 5} June 6 fe Ie Toe oR Cisteiactes| Seen sG 
May 18 | May 25 [fel eG eae 3 | May 29 1| June 4 OG ses peace laneecs enone. 
May 16 | May 22 5 | May 23 2| May 28 5 | June. 1 4| June 7 6 22 
May 15] May 21 6 | May 26 5 | May 29 3 | June 2 4| June 8 6 22 
May 14] May 18 4| May 25 7|June 1 Vs Nisan tentacle eer TS arcane ears aT soonest 
May 15] May 21 6 | May 26 5 | May 28 2 Seheprcevay ac el ecreacis aleeieele cic aisial ieee [miocicine 

Average !.... O. lemsoenomce CNY eseeubDe = Als Fotctehotole re st Cn BAnoeaGene 6 22 

THIRD GENERATION, JUNE AND JULY, 1914. 

June 28} July 1 3| July 6 5} July 11 5 | July 14 3 | July 21 7 23 
Do....| July 2 4| July 5 3 | July 13 8 | July 18 5 | July 23 5 25 
Domes |evuly: 3| July 6 5 | July 12 6 | July 17 5 | July 22 5 24 
Do....| June 30 2| July 7 Walsedo. 78 5 | July 15 3] July 26 5 22 
Ho----) July . 1 3| July 4 3|July 8 4| July 13 5 | July 19 6 21 

Average 2_... 3} ee ereeae 45510) llosceseans G0, |boenoossed ASD) || apace 5.6 23 

FOURTH GENERATION, AUGUST, 1914. 

Aug. 1| Aug. 4 3] Aug. 9 5 | Aug. 12 3 | Aug. 16 4| Aug. 20 44| 219 
Do-..:| Aug. 5 4]| Aug. 10 Del er. Os eee 2) Aug. 17 5 ug. 21 4 20 
Do...) Aug. 3 2} Aug. 8 5 | Aug. 13 5 | Aug. 18 Ouleee COsseer 3 20 
Bos 4 do. =.=). 2} Aug. 7 4 | Aug. 11 4} Aug. 16 5 | Aug. 22 6 21 
Do....| Aug. 4 3] Aug. 9 5 | Aug. 13 4| Aug. 19 Gu eee Osean 3 21 
Do....| Aug. 5 4| Aug. 8 3 | Aug. 12 4| Aug. 18 Gi fee dote-re 4 21 

Average 3... Sit| Bere ciscsieree 240) aeoeeeeee QOH raises sere OibelWoeee cons 4 | 20.3 

FIFTH GENERATION, SEPTEMBER, i914. 

SN Ua ae ey | Bek x Sept. 9°|.....- | 3 SOE | Beis ais Sept. 18 §|...... | Sept. 287)...... | 26 
foe. 

SIXTH GENERATION, OCTOBER AND NOVEMBER, 1914. 

| 
Oct. @8 | Oct 119-222 Och Liebe. Oct. 23:2 eeee ae Oct. 30 | erties IN Ovals Olea | 34 | 

1 Total of averages of instars, 25.5 days. 
2 Total of averages of instars, 23 days. 
2 Totalofaverages of instars, 20.2 days. 
4 About 20 nymphs. 
6 Nymphs in second and third instars. 

6 Nymphs in fourth instar. 
7 Sixteen adults. 
8 About 15 nymphs. 
9 About this date. 

From Table IV it will be seen that it took the nymphs of the fourth 
generation the shortest time for development and growth, being an 
average of 20 days from egg to last molt. 
vary from season to season and from year to year, it is evident that 
during the summer months nymphs develop in about half the time 
of those of the first spring generation. 

While the lengths may 



10 BULLETIN 254, U. S. DEPARTMENT OF AGRICULTURE. 

From the notes made by Mr. Wildermuth at Tempe, Ariz., in 1913, 
for the first spring generation the average length of the nymphal 
stage during March and April is shown to be 40 days, a few days less 
than that obtained the following year by the writer. (Table V.) 

TasLe V.—Length of nymphal stage of the sharp-headed grain leafhopper, Tempe, 
rz., 1913 

Nymphsemerged | Adultsemerged/ Length of 
romcee: nymphal molt. stage. 

Days 
Ware, US scassscce$ Apr. 20..-.-.- 33 
Mar 24 eur se a WANT Boscds se 42 
Mia 21ers | eee 0) 39 
Mier 2 Ais ga. May 10...-.-. 47 

AVerace i... . eee eee 40. 25 

HIBERNATION AND WINTERING. 

Prof. Osborn ! states that ‘‘hibernation seems to occur im all stages © 
from the egg to the adult, although the great majority must pass the 
winter in the egg stage.” At Tempe, Ariz., the writer searched 
diligently during January, 1914, for all stages of the species but 
found only adults. No eggs were deposited in cages either in or out 
of doors until February 4. Dissections of adult females during 
January showed them to be full of immature eggs. An experiment 
was carried on in which young nymphs were submitted to a tempera- 
ture of 35° F. for 18 hours, at the end of which all nymphs were 
dead, showing that it is improbable that young nymphs could ever 
withstand the winter. Mr. F. H. Gates, another assistant of the Bu- 
reau of Entomology at Tempe, reports having taken adults on a 
number of days during November and December, 1914, and January, 
1915. On December 15 he took several nymphs which were prob- 
ably in the fourth or fifth instar. From his observations it would 
seem that the nymphs which had attamed the fourth or fifth instar 
by late fall might survive the winter, although up to December 15 
there had been no really cold weather at Tempe, the mimimum tem- 
perature recorded to that date having been 28° F. At Charleston, 
Mo., durmg November and December no eggs or nymphs could be 
found, while the adults were present and active on warm days. It 
seems safe, therefore, to assume that the species winters over princi- 
pally in the adult stage throughout the Southern States and in all 
probability the same holds true throughout the country. 

GENERAL ACTIVITIES OF THE ADULTS. 

The adults are exceedingly quick of movement, and might well be 
described as restless. They are easily disturbed or frightened and 

Op. cit., p. 58. 
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jump at the slightest provocation. Because of this fact they are 
readily caught in the hopperdozer. A clump of tall grass was 
observed one day to be almost alive with adults, and although there 
was no wind and apparently nothing to disturb them, the adults 
suddenly hopped away, all at once. What caused the alarm was not 
determined. Adults, as well as nymphs, have the habit of dodging 
to the opposite side of a leaf or stem when approached by a foreign 
object. On days when there is a strong wind they remain in hiding 
close to the ground. They are most active during midday, and 
seldom may they be seen hopping about when dew is on the plants. 
As the sunlight recedes in the late afternoon they seek shelter under 
dried leaves and refuse, and at the base of the plant stems. While 
adults are most active on warm sunny days, during the intense heat 
of the summer they seek shade and damp places. From a series of 
observations it has been noted that they are more active on sunny 
than on cloudy days. Many adults, but not in such numbers as 
nymphs, can often be found feeding or resting on the same stem or 
leaf. They both rest and feed with head upward on the plant. 

GENERAL ACTIVITIES OF THE NYMPHS. 
° 

Nymphs are even more active than adults, doing more running 
and dodging and less jumping about the plants. They seem to group 
themselves together; oftentimes 15 to 20 nymphs can be found on 
1 square inch of leaf surface, and it is because of this that their 
feeding becomes injurious to the plant. Mr. Wildermuth has ob- 
served that the nymphs commence feeding immediately after hatch- 
ing. The wind has a stronger effect upon the nymphs than upon 
the adults, and oftentimes a gust of wind will blow the nymphs 
several yards. They attempt to keep out of the wind by hiding 
but are rather easily blown from one plant to another, the throats of 
young corn plants making a favorite hiding place. When resting the 
first-instar nymph assumes a characteristic posture, carrying its 
abdomen slightly curled up and over. The nymphs are very sensi- 
tive to heat, and the direct rays of the sun for more than a minute or 
two on hot days will kill these young stages. Many times they have 
been observed to burst a bubble of excreta from the tip of their abdo- 
men when disturbed or approached by a foreign object, and Mr. 
Wildermuth suggests that this may be a means of defense as it is in 
the case of nymphs of the three-cornered alfalfa hopper (Stictocephala 
Jestina Say). 

OVIPOSITION. 

A few days after the male and female adults have emerged from 
the last nymphal molt copulation has been noted to take place. 
In 10 experiments carried on in confinement the male died within 1 and 
2 days after copulation, although the females, in the same experi- 
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ment, lived for several weeks after oviposition. The females which 
overwinter copulate in the fall and may not oviposit until the follow- 
ing spring. The time between copulation and oviposition during 
other seasons is much shorter, generally about 10 days. As to the 
manner of oviposition Mr. Wildermuth noted the following: ‘ Her 
ovipositor was already inserted when found, and she remained so 
for 22 minutes, being first observed at 1.55 p. m. and withdrawing 
the same at 2.17 p.m. The angle was changed several times, how- 
ever, as she inserted the eggs, 7 in all, through the same slit which 
was about 1 mm. in length. Of course there is no way of knowing 
how long she had been in the position when found.” Females do 
not necessarily choose protected parts of a plant for oviposition. In 
all cases noted with grains and grasses the ege pockets were con- 
structed under the epidermis of the upper or inner side of the leaf. 
Mr. George G. Ainshe noted in Florida that egg pockets in corn are 
usually to be found in the midribs of leaves and frequently in stalks. 
In one instance he found an egg slit in a stalk just below the tassel. 
Eggs within the pocket are placed in a close-fitting row, with their 
long axes parallel. The number of eggs deposited by a female 
varies somewhat, but in general it may be said that a single female 
is capable of depositing between 40 and 50 eggs. The number to a 
pocket also varies from 2 to 12, with an average of 5, as shown in 
Table VI. 

TaBLE VI.—Oviposition of the sharp-headed grain leafhopper in various plants. 

Total number | Total number Average soxbHoR 
Plant. of egg pockets. of eggs. heen 

ANNALS SEH repack eA NRE ES eee OOS Ra 22 102 4.6 
Barleyee eo Si. Sie ts MONR ORO EL SCREEN) eae 16 ~ 85 5.3 
Oars ees ssa a al ee a ena 2 26 155 6 
PAP Tae sta, Sue pene Rr eet re US aN re «a 16 94 5.8 
Johmsomiorasse leis Aes eileen Se 2 12 6 

1 General average 5.5. 

From 18 egg pockets in corn leaves Mr. Ainslie found that the number 
of eges per neces varied from 4 to 20, with an average of 12. This 
is probably due to the fact that the apideane! tissue a corn leaves 1s 
more flexible, thus allowing the construction of larger egg pocee ss. 
The period of oviposition may extend over from one to three weeks. 
Oftentimes a female will construct three or four pockets in one leaf. 
There seems to be no preference between the different grains for ovi- 
position; however, grains and other broad-leaved grasses, sue as 
Johnson grass, are preferred to alfalfa. 
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HATCHING OF THE EGGS. 

The emerging nymphs burst the end of the eggshell irregularly and 
emerge head first. Eggs deposited in the leaves hatch sooner than 
those in stems, as there is not so much plant tissue covering them. 
Those in stems appear to be inserted more deeply into the plant. 
The nymphs issue at about the same time, irrespective of the posi- 
tion of the eggs in the pocket. 

MOLTING OF THE NYMPHS. 

The fourth molting of a nymph was minutely observed, the whole 
operation taking 20 minutes. The old skin split dorsally along the 
head and thorax. The head of the nymph first came out, slowly fol- 
lowed by the thorax and abdomen. The abdomen was pulled for- 
ward through the old abdominal skin and put through the thoracic 
slit. As the nymph gradually emerged it leaned or threw its weight 
backward until the tip of its abdomen was nearly out; then it shifted 
and spread its legs, taking a firm hold on the leaf surface. After com- 
pleting the molt it remained still for several minutes. 

In examining the last-molt nymphal skin an indication of sex was 
discovered. Outlines of the ovipositor or genitalia were quite promi- 
nent and plain on this castskin. Attention was then directed to the 
examination of the last-instar nymphs, and it was found that there is 
a sex indication with all nymphs of the fifth instar, as the distinction 
between the male and female genitalia could readily be recognized. 
(See fig. 1,7,7.) No sex indications appear in the nymphs of the 

fourth instar. 

ADAPTABILITY CF SPECIES TO CHANGE OF FOOD PLANT. 

Only the nymphs of the last two instars can adapt themselves to a 
change of food plants to any extent. This fact offers a suggestion in 
the control of the species, in that cutting or grazing their food at the 
time the nymphs are young will tend to starve them, and thus many 
will be destroyed. 

However, the adults find no difficulty at allin a change. If their 
food plants be destroyed or cut down, they immediately hunt for sub- 
stitutes. Starving the adults in the fields would be next to impossible. 

MIGRATION. 

The species does not spread itself throughout one field or into other 
oD 

fields by the dissemination of the young nymphs, but almost wholly 
by the flight of the adults. The latter migrate freely from one 
field to another in search of attractive areas for food and oviposition. 
Besides this, Prof. Osborn remarks:! ‘The insect shows at times a 

d 

distinct habit of migration at night.’”’ They have been reported 

1Op. cit., p. 59. 
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around Columbia, Mo., ‘‘in such numbers that they could be gath- 
ered up by the bushel.”’! Strong winds in midsummer no doubt are 
responsible in many cases for what may seem a natural migration. 

ENEMIES. 

PARASITES. 

Probably the most effective enemies of the sharp-headed gram leaf- 
hopper are its egg parasites, two species of which were reared in great 
numbers during the summer of 1914, while the writer was stationed 
at Tempe, Ariz. Both of these egg parasites were new to science, and 
Mr. J. C. Crawford? has described one as Gonatocerus gibson; the 
other Mr. A. A. Girault will describe as Abbella auriscutellum. Had 
it not been for these two egg parasites considerable damage would 
probably have been done by the jassid during the summer months. 
One of these parasites, Gonatocerus gibsoni, not only held the species 
in check but practically eradicated the pest in the Salt River Valley 
of Arizona. In this valley there was from 75 to 95 per cent of 
parasitism among the eggs of the second generation of the gram jassid 
between May 15 and June 15. Mr. J. H. Newton, a temporary 
assistant in the Bureau of Entomology at Tempe, found an 85 per cent 
parasitism from several hundred egg pockets examined. 

Mr. George G. Ainslie, while in Florida during the spring of 1914, 
reared two species of egg parasites; one of these, reared in consider- 
able numbers, has been determined by Mr. Gahan as Brachistella 
acuminata Ashm. Mr. Ainslie recorded a 79 per cent parasitism 
amongeggs examined. Mr. k. A. Vickery reports having reared many 
parasites of Ufens niger Ashm., as determined by Girault. Five or six 
were reared from each egg. 

There are many parasites which affect the Jasside and it is quite 
likely that this species comes in for its share. Although none has 
been recorded as having been reared from the grain leafhopper, yet 
in all probability some of the members of the families Proctotrypide 
and Dryinide materially help in suppressing its numbers. Several 
adults of Athysanus exitiosus Uhl. were taken which were parasitized 
by one of the Proctotrypidx which appeared in the form of an external 
sackhke structure within which the parasite sucked the juices from 
the abdomen of the host. These adults of A. exitiosus were swept 
from fields where the grain jassid was very numerous. In the report. 
of the Hawaiian entomologist and in the papers of Perkins and 
others may be found accounts of various parasites of the Jasside. 
The dipterous genus Pipunculus contains parasites of leafhoppers 
and according to Giard they are parasitic especially upon the family 
Jasside. The order Strepsiptera (the twisted-wing insects) contains 

10Op. cit., p. 20. 

2Crawford, J.C. Descriptions of new Hymenoptera, No. 9. In Proc. U. S. Nat. Mus., v. 48, pp. 577- 

586, sep. no. 2087, May 3, 1915. Gonatocerus gibsoni, new species, p. 586. 
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parasites upon jassids, but whether or not they have been reared 
from this species the writer does not know. 

ENEMIES OTHER THAN PARASITES. 

It is a common sight to see jassids caught in spider webs. Several 
adults and nymphs of D. mollipes have quite frequently been 
observed in webs, and in more than one instance the writer has seen 

spiders * carrying off dead adults. In Bulletin 108 of the Bureau of 
Entomology is an account of Reduviolus ferus L. as a predaceous enemy 
of leafhoppers. During the past summer the author observed on two 
occasions the large agricultural ant (Pogonomyrmex barbatus Smith) 
dragging off an adult grain jassid. Turkeys and toads have been 
observed catching and eating the adults in alfalfa fields. Prof. 
Osborn? gives a list of over 100 birds whose crops have been exam- 
ined and found to contain jassids. 

FUNGUS. 

Prof. Osborn makes mention® of a fungus, Hmpusa grylli, which 
causes an epidemic disease affecting this species. The occurrence of 
this fungus has been recorded also by Prof. F. M. Webster and Prof. 
H. Garman. 

REMEDIAL MEASURES. 

From a study of the habits of this jassid certain simple preventive 
measures present themselves. In the Salt River Valley of Arizona 
and in localities of similar conditions the keeping down of wild 
grasses, principally Johnson grass, along irrigation ditch banks, fence 
rows, and along roadsides durmg the summer months will do much 
in preventing the species from spreading and increasing in numbers. 
By cutting down or grazing sheep upon these broad-leaved grasses, 
which afford the preferred summer food, their summer breeding 
places will be destroyed and an immediate check upon the species 
produced. 

As soon as possible after the grains are harvested the ground should 
be broken up and planted. If immediate planting is not practical, 
then the ground should be broken again by either replowing or har- 
rowing after two or three weeks to keep down all native grasses and 
weeds. 

Quoting from Osborn: ‘‘The direct treatment which has had the 
most thorough trial is the use of the hopperdozer, which consists of a 
sheet-iron strip coated with coal tar. The apparatus is drawn over 
the grass and the insects, hopping at its approach, fall upon the sur- 
face, and thus many are killed.”* The hopperdozer can be used to 

Entomology, U. 8. Department of Agriculture, page 35, 

2Op. cit., p. 28-21. 

2 Op. cit., p. 57. 

4 Op. cit., p. 37. 
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during the heat of the day when the ieafhoppers are most active and 
jump at the least provocation. 

Where the species is infesting pastures or grass lands close pasturing 
or cutting while it is in hye Gee stage is advised. Especially would 
this prove beneficial in the Northern States where the length of the 
ege stage covers several weeks. So far as the observations of the 
author go it would appear useless to burn grass for the destruction 
of the eggs, as when the leaves and stems wither or dry up the eggs 
do not hatch. Seemingly the eggs must have the moisture of at lene 
the surrounding tissue for hatching. However, the burning of the 
grasses in which the species may be hibernating in the Northern 
States would no doubt destroy many of the adults. 

WASHINGTON : GOVERNMENT PRINTING OFFICE ; 1915 
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DOUGLAS FIR PITCH MOTHEH.: 

By JoSEF BRUNNER, 

Entomological Assistant, Forest Insect Investigations. 

NATURE AND CAUSE OF DAMAGE. 

Pitch seams, gum check, windshake, or whatever these defects may 

be termed locally, have ever been recognized as a serious depreciating 
factor in the utilization of Douglas fir (Pseudotsuga taxifolia). 

These defects have heretofore been variously charged to windshake 
(mechanical strain), lightning, frost, blazes, fires, and various other 

unavoidable causes, but investigation of the trouble and its causes 

makes it evident that the work of the larve cf the Douglas fir pitch 

moth (Sesia novaroensis Hy. Edw.) is the primary cause of a large 
percentage of these defects. 

DISTRIBUTION AND EXTENT OF DAMAGE. 

In the northern Rocky Mountain and Pacific coast regions it has 
been definitely determined that the Douglas fir pitch moth is re- 

sponsible for at least 90 per cent of this damage. 
A very similar larva,’ found working in Douglas fir in the south- 

ern Rocky Mountain district, makes it quite certain that the same 
species is responsible for what similar depreciation in timber value 
may be existing there. 

The loss occasioned by the work of this class of insects causes the 

difference in price between absolutely clear lumber and the lower 
grades or “ dimension stuff.” These insects work in the portion of the 
trunk which later clears itself of branches; hence only logs are 

affected which, were it not for previous infestation by them, would 
yield only the better grades of lumber. 

Iixtensive correspondence with mill managers in various parts 

of the northern Rocky Mountains and Pacific coast range has elicted 

the fact that no accurate record is kept of the extent of the prevalence 

1 Sesia novaroenais Wy. Mdw.; order Lepidoptera, family Sesiidw. Identification by Mr. 

August Busck, 

* The insect from the southern Rocky Mountains, after the rearing of three specimens, 

proves to be Seata novaroensia, 

Note.—This bulletin is of interest to entomologists as a conttibution to their specialty, 

and to owners and manufacturers as a business proposition. 

9232335° sull, 255—15 1! 
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of pitch seams in the logs used. But all Douglas fir sawyers esti- 
mated a general loss in the entire Douglas fir product of between 
7.5 and 15 per cent due to this defect. The depreciation is lowest in 
the Rocky Mountain region and heaviest toward the coast, evidently 
corresponding to the respectively slower or quicker growth of the 
trees in the respective localities and to the relative scarcity or 
abundance of the moth in these regions. | 

The writer and his field assistants made a thorough investigation 
of the logs in the woods and during the sawing of them in the mill, 
from the manager of which the estimate of lowest loss was received. 
This mill cuts usually not less than 25,000,000 board feet annually, 

but the cut during the season 1913-14 was only 14,000,000 board feet. 

This investigation showed that from 15 to 25 per cent of all the logs 
in the 14,000,000 board feet had been damaged by the moth. Of the 
logs clean of branches, in which this sort of damage mainly prevails, 
fully two-thirds were depreciated in this manner, notwithstanding 
the fact that those from exposed localities, which are unfavorable to 
the insect, were practically free from the defect. 

The results of the investigation were taken up with the mill 
manager and it was agreed that the loss in this case constituted but 
5 per cent. Yet even this low percentage represented, at the selling 

price of the lumber at the mill, a loss for that season’s low cut of 
$18,900 to that firm alone. While this percentage is evidently much 
below the average, it is indicative of what this leak probably means 
to mills in the entire range of the Douglas fir. 

MANUFACTURERS* BEAR THE LOSS. 

At the present selling price the loss is almost entirely borne by the 
manufacturer. In the absence of the depreciation, consumers could 
get the best grades of lumber for the prices they now pay for the 
cheaper grades, and the manufacturers would besides be able to make 
a larger clear profit, as they would not have to handle the inferior 
material from the stump to the lumberyard. There is no help for 

the lumber now being cut, but the defect is avoidable in the future 
timber supply. There seems to be no reason, therefore, why the cause 
should not be eliminated and why mills and lumber consumers should 
be taxed forever by an insect the work of which involves such exten- 
sive financial waste. 

SCOPE OF THE INVESTIGATION. 

Evidently nothing was known in regard to the larval stages and ac- 
tivities of this insect until the spring of 1913, when, under assignment 
from Dr. A. D. Hopkins, the writer undertook a systematic study of 

1 By the term ‘“ manufacturer’ is meant the ‘‘ saw-mill” man, and by the term “ con-, 

sumer’ is meant “ contractor, buyer, and builder.”” A. D. H. 
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the seasonal history and habits of insects affecting the growth and de- 
velopment of trees, though a number of caterpillars, of what later 

proved to be this moth, had been caged during the autumn of 1912 for 
observation. Active cooperation in collecting larve and field notes 
with Messrs. Edmonston, Miller, Burke, Harvey, and all the entomo- 

logical rangers assigned to the various western field stations from 
April, 1913, until late autumn, 1914, made it possible to determine not 

only the insect’s distribution, but its comparative abundance and de- 

structiveness in widely separated regions of the Douglas-fir range and 
also to make this investigation pretty thorough west from the eastern 
boundary of the State of Montana, toward the coast, and north cf 

latitude 41° 30’ to the boundary of the United States. 

LIFE HISTORY. 

THE ADULT. 

The Douglas-fir pitch moth, like all the members of the Sesiide, 
much resembles, in general appearance, certain wasps and flies. Tis 
resemblance is especially strong when the insect is in flight. 

The ground color of the insect is black, with rich orange-red spots 
on the thorax and with all the segments, except the last, banded with 
the same color. Underneath the whole insect is rich orange-red. 

Aberrations in color are not frequent but exist, as the rearing of a 
wholly black female would indicate. 

The forewings are transparent, opalescent, with black borders and 

prominent discal mark; the hind wings transparent, with slight discal 
mark and narrow black margin. The spread of wings is from 30 to 

35 mm., about the size of an ordinary “ yellow jacket.” The male 
is about one-third smaller than the female and more slender. 

THE EGG. 

The eggs are brownish, slightly oblong, and are laid singly. A 

single female appears to produce shghtly in excess of 30 eggs, the 

issue from two specimens being 34 and 37, respectively. In the field 
their incubation period is about two weeks. 

THE LARVA. 

With the exception of the head, which is dark brown, the larva (fig. 
1) is white; through the transparent skin the darker intestines and 

their contents are plainly visible, thus making this larva readily dis- 

tinguishable from that of Vespamima sequoia Hy. Edw., which, to a 
slight extent, also infests Douglas fir, but which is more robust, has a 
denser skin, and is dirty white. Especially is this internal dark spot 

feature in 1 and 2 year old larvee, although it is retained to a marked 
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degree until pupation, which takes place in the third season after the 
deposition of the egg. 

The head is small and rounded; the body cylindrical, rather slender 
in comparison with that of the larve of other sesiids. When full 
grown it is from 1 to 14 inches long. 

THE PUPA. 

The pupa is shining brown, armed with transverse rows of spines 
on the back of the abdominal segments, by aid of which it moves 

back and forth at will in the tunnel made by the larva before pupa- 
tion in the covering pitch mass. When ready for the final trans- 
formation the pupa uses these spines for working its way through 
the thin layer of pitch at the mouth of the tunnel, by projecting its 
anterior segments to at least one-half of the entire pupal length 
through the opening, and holding itself securely during the escape 
of the moth. 

SEASONAL HISTORY. 

The pupal period as observed in the laboratory is 30 days, but 
under adverse weather conditions it seems to be prolonged a few 

days. Usually moths appear in greatest numbers the first sunny 
day after a rainy spell. | 

The general emergence of the Douglas fir pitch moth occurs dur- 

ing the month of June, although individuals emerge in Montana as 
early as May 15, and farther west adults may be found by the first of 
that month. On May 20 the writer noted the first female (no male 
was observed at large during two years of observation) flving up 
and down a Douglas fir tree, evidently in the endeavor to locate a 
favorable spot for oviposition. Fresh empty pupal shells were 

observed protruding from pitch tubes on infested trees as early as 
May 15. A living chrysalis was found early in April, which, 
allowing 80 days for pupation, would evidently result in adults 

appearing early in May. It is. rather striking that most of the 
early chrysalids were found at the highest altitudes in which the 
moth is active. This makes it probable that the shortened seasons 
at high altitudes are frequently responsible for an extension of the 
larval period into the fourth year, just as, in consequence of late 
August oviposition at lower altitudes, a certain percentage of the 
insects do not attain maturity during the three years that this species 
requires for development from egg to adult. In such instances the 
larva pupates during the first warm days of the fourth season. 
Occasionally adults emerge up to the last of July and the first part 
of August. 

The mature insect lives only about five days after emerging from 
the pupa, which accounts for its scarcity. Even where its work 
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proves that it is fairly numerous, it is only by good fortune that one 

gets a chance to observe its behavior. During two seasons of 
judiciously chosen days and locations for observations the writer 
saw but six specimens in the forest. They were all females, and 

each of them was apparently engaged in oviposition. While the 
insect swiftly wings its way up and down the tree trunk, the eggs 
are deposited, either at the edge of a wound or a perfectly smooth 
spot, oftener the latter, and only a single egg is deposited at each 

place. 

In Montana, where the insect is not exceedingly numerous, the 
writer and Entomological Rangers Swartz, Wagner, and Fleming 

examined hundreds of trees, each of which displayed comparatively 

fresh, healed-over wounds, un- 
questionably of sesiid origin, but 
in no case was more than one 
larva of each of the triennial gen- 
erations found at the same time in 
the same tree. This suggests that 
if there is an abundance of suit- 
able trees for infestation a female, 

after depositing one egg only ona 
tree, leaves the latter, repeating 
the same operation until its sup- 
ply of eggs is exhausted. Conse- 
quently quite a number of trees are 
thus affected by a single female. 

From Ashland, Oreg., where Fic. 1—Three generations of larve of 

the insect is much more abundant PR eoK s Wdie niente OMe 
than in the Rocky Mountains, Mr. . | 

Edmonston reported as many as 6 larve, all of which proved to be 
of the same generation, from a single tree, and Mr. B. T. Harvey 
states that quite a number of trees in the coastal region are scarred 
from base to near the tops by the work of this moth. 

I have no doubt that this apparent discrepancy in ovipositing is 
due solely to the fact that in regions where the insect is nearly ten 
times as numerous as in the Rocky Mountains several females by 
chance deposit eggs upon the same tree; in fact, they are compelled 

to do so, unless they are willing to oviposit on trees that are unde- 
sirable on account of growth. 

sy August 1 young larvie from the June oviposition, upon close ex- 
amination of the infested trees, may be readily located by the boring 
dust, which resembles that of Vendroctonus pseudotsugae Uopk. 

This dust is produced by the larva eating its way through the outer 
bark into the cambium. At the end of the first active season a pitch 
tube covers the wound as well as the larva which made it. 
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During the second season the larva merely maintains and enlarges 
the established chamber cr tunnel, and, growing in size, as far as 
was possible to ascertain, molts the first time when 1 year old. The 

third season is passed like the second, the larva molting once again 
when two years old. By the end of this period the covering pitch 

tube is about the size of a silver dollar, depending somewhat en the 
shape of the wound inside. 

The third spring after deposition of the eggs the larva, now nearly | 
three years old, is ready to pupate. During the last two years the 

larva changes but little in size; the younger is somewhat more 
slender if of the same length as the older. The older larva, how- 

ever, has become so thick skinned that it appears almost entirely 
white, while through the thinner skin of the younger generation the 
reddish intestines are still plainly visible. It is not a simple matter 
and requires a great deal of experience to separate these two genera- 
tions. 

With the exceptions noted for high altitudes and late oviposition, 
exactly three years after the egg was laid the adult appears, complet- 
ing the life cycle and making the generation of the species triennial. 
Although there are no seasons in which this insect is very abundant 

there are none in which it is unusually scarce. 

HABITAT. 

Unlike others of this group of insects, the Douglas fir pitch moth 
prefers the shade. It is most numerous in from 10 to 50 year-old 
Douglas-fir stands with a northerly exposure, and is consequently 
most injurious there. So-called “spruce swamps” are as much 
avoided as are the sun-exposed hillsides. While it may also be found 
to some extent on sunny slopes having a stand of trees sufficiently 
dense to provide practically constant shade, it is usually only trees 
which have been injured by some other cause which are here infested 
first. The insect is evidently attracted here from the preferred locali- 
ties by the smell of pitch, just as barkbeetles are attracted by the 
smell of felled or fire-scorched timber. 

It may be noted here that larvee under pitch tubes which are much 
exposed to the sun are almost invariably killed during the winter 
months. Evidently the larva can not survive when kept active by 
the warmth of the sun while its sustenance is cut off by frost. This 
may probably explain why this insect is not numerous under condi- 

tions which expose it much to the influence of the sun. The pitch 

tubes of Sesta novaroensis and the bark of Douglas fir at the usual 
points of infestation do not provide the protection against the indi- 
cated influence as do, for example, the big pitch tubes and the bark 
of yellow pine for the larvee of Vespamima sequoia, which survive 
under any exposure, presumably on account of this protection. 
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LOCATION OF AFFECTED AREAS. 

The Douglas fir pitch moth has apparently a very marked habit 
concerning the preferred areas in given localities. An area in which 
it is depreciating the timber now may be readily located by simply 
watching the logs at the mill as they go through the saw and ascer- 
taining where those with pitch seams come from. It may seem a 
matter of speculation to undertake to determine localities where the 
insect is numerous at present by thus examining trees which have 
been infested a century or more in the past, but it has been ascer- 
tained to be an absolutely reliable method. The success of this test 

not only proves that the sesiid is the cause of the depreciation, but 
it shows us in addition how we may determine the exact localities 
where the merchantable timber is hable to serious damage by the 
insect, because wherever the injury exists in the young, growing 
timber, which will be “loggable” a hundred years from now, it is 
practically certain that the mature trees had been afflicted in the same 
manner in their youth. 

RANGE OF THE INSECT. 

As already indicated, the range of this insect is over the northern 

Rocky Mountain and Pacific Coast regions and extends in all proba- 
bility through the entire native range of the Douglas fir. From mv 
own observations and numerous field notes and from larve collected 
in various parts between the northern boundary of the United 
States and latitude 41° 30’ N. and from the eastern boundary of the 
State of Montana to the western coast by other members of the 
Branch of Forest Insects and kindly put at the disposal of the writer, 
it is evident that the moth is most abundant in the western part of its 
range, a conclusion which in turn is verified by the losses estimated 
by millmen in the various sections of this area. 

HOST TREES AND CHARACTER OF INJURY. 

(Figs. 2-5.) 

Douglas fir (Pseudotsuga tarifolia) is evidently the special host 

of this moth. However, although unable successfully to attack 
previously uninjured larch (Larix occidentalis) it breeds also and 

thrives well in blazes and other wounds on that tree, particularly in 
the pitch flow caused by a fungus, identified by Dr. James R. Weir, 
of the Bureau of Plant Industry, as 7vametes pini. A great number 
of fungus-infested larch in a stand of timber may make this tree a 
real menace to the Douglas fir in the same area. 

The healthier and quicker growing a Douglas fir may be, the more 

it appears to be subject to infestation by the moth. Trees are at- 
tacked when about 10 years old and after that until they are about 
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50 years old, when the bark has roughened and thickened to an 
extent to render it practically immune. However, on many trees 
the bark over previous sesiid wounds is frequently in a condition 
which invites reinfestation, and thus larvee are often found in trees 

which are ready for logging. Especially is the latter a frequent 

occurrence, if, as a result of the circular pitch seam inside, caused by 
the moth many years ago, the tree is split by wind strain from that 
seam straight to the surface of the bark. Toward the end of the 
first-year work of the larve, usually about August, the effect of 

Fic. 2.—Work of the Douglas fir pitch moth: Evolution of pitch blister and pitch seam. 

(Original. ) 

their presence is shown in the growth of the new layer of wood, 
which is restricted immediately above and below and to some ex- 
tent on the sides of the wound. Pitch formation in this new layer 
of wood and in the underlying layers, in an attempt by the tree to pro- 
tect itself, forms the nucleus of the pitch blister. The inflexibility 
of this blister, even if the timber is but normally swayed by the winds 
as the tree grows taller, is bound to cause a further parting of the 
tissues and ultimately results in the pitch seam, which so greatly 
depreciates the value of the logs as lumber material. The afflicted 
tree endeavors, during the three years required by the larva to de- 
velop to adult, to wall up the wound, and the larva tries to main- 
tain its established position; this struggle results in the wound 
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becoming rather deeply embedded in the woody tissue. From then 
on it depends upon the growth of the tree whether only the pitch 
blister at the base of the wound is to be inclosed in the healthy tissues 
or whether the pitch from the pitch tube and bark also is to be in- 
closed. As a rule, a tree of slow growth heals from the inside and 
the injury is less apparent, whereas a tree of rapid growth puts forth 
such a quantity of new growth over the injured spot that clean heal- 
ing is impossible and a serious defect is evident almost immediately, 

Fic, 3.—Work of the Douglas fir pitch moth: Effect of infestation on the 

wood growth 2 inches below (and above) the wound the first year after 

attack, (Original.) 

even without the added aggravation of mechanical wind strain. 

The effect of mechanical strain during succeeding seasons upon trees 

afflicted with serious wounds from the very beginning renders them 
unfit as lumber material. 

The real depreciation of the future saw log is inflicted while the 
trees are less than 50 years old, and most of the pitch seams, which 

result more or less in a separation of the inner and outer tissues, 

are caused by the insect when the trees are quite young. While the 

93335° —Bull, 255—15——2 
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original wounds made by individual specimens may be several feet 
apart on the trunk of a tree, as the latter grows taller and is swayed 
by the wind the inflexible blisters are gradually lengthened and 
‘widened and finally united. In trees which had been infested on all 
sides the seams are entirely circular, while in those infested on one 

Fic. 4.—Work of the Douglas fir pitch moth: Pitch blister two. years 

after emergence of moth, with tissues which had already grown over 

it perfectly, removed at one side. Natural size. (Original.) 

side only, a frequent occurrence, the seam is semicircular. However, 

the cause which underlies both these effects is the same. 

EVIDENCE THAT IT IS INSECT WORK. 

(Figs. 6-8.) 

Full-blown pitch seams probably never pass into lumber, and 
affected parts of logs are either converted into small “ dimensions,” 
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laths, cr firewood. Therefore to illustrate them adequately it would 
be necessary to spht tree trunks, often for the length of several logs, 

to show a side view of an entire seam, and even if this were accom- 

plished successfully the result would be merely something like a 
board which had been split and had been loosely stuck together 
again. With the exception of figure 2, showing the evolution of 
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ic, 5.—Wound caused by the Douglas fir pitch moth. Photographed 

soon after emergence of moth. Natural size. (Original.) 

the pitch seam, the photographs used to illustrate the injury to 
Douglas fir by pitch-moth infestation are from material from which 
the insect emerged so recently that the cause of the wounds is 
obvious. Such injury within the tissues of a coniferous tree is never 
eliminated in the course of years, but rather becomes accentuated 
when the split of the tissues is later extended for the length of many 
feet by mechanical strain. 
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WINDSHAKE AND LIGHTNING NOT THE CAUSE OF PITCH SEAMS. 

The contention that windshake is capable of causing pitch seams 
in perfect tissues of this tree is not tenable when the facts at hand 
are considered. If this were true, freely exposed trees should con- 
tain the greater number of pitch seams, and those in sheltered posi- 
tions should have few or none, which is not the case. Also, Douglas 

Fic. 6.—A cross-cut showing wound caused in a young tree by the 

larve of the Douglas fir pitch moth. Reduced. (Original.) 

fir is generally recognized to be of more tenacious fiber than larch, 

as is frequently illustrated in timber-sale contracts, which provide 
for the “butting” of the latter trees over a certain size, on account 
of depreciation in that part of the tree by “ genuine windshake.” 
To the knowledge of the author timber-sale contracts contain no 
such clause or even a similar clause concerning Douglas fir. While in 
the larch, recognized to be subject to windshake, owing to brittleness, 
the damage by windshake extends but a few feet above the base, in 

the admittedly tougher Douglas fir the damage from supposed 
“windshake” frequently runs up to 60 and more feet. ‘“ Wind- 
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shake” in larch above a few feet from the ground is practically 
_nonexistent, since this tree, more than any of our conifers, is, if 
_healthy, immune to insect attack, except to the foliage, and, if at- 
-tacked., is more able to repulse the onslaught from the outset. 

“ Lightning” has been included in the same category with “ wind- 
shake” as a cause of pitch seams in Douglas fir. The theory that 
lightning is a causative agent refutes itself by mere examination of 
the damaged material. It is the lower two-thirds of the tree trunks 
which are seriously pitch seamed, while the upper part is almost 
invariably free from the defect, and it is not reasonable to assume 

” 
ic. 7.—Development of a “ pitch seam” only four years after the emergence of the 

Douglas fir pitch moth. Note the enormous growth the tree put forth to cover the 

wound. Greatly reduced. (Original.) 

that the electric spark would persistently leave the tops untouched 
and so frequently injure only the part below the branches. 

Another point in this regard is the fact that judging from the 

location of the seams in the trunks the trees could not have been 
of very great size when the defect oceurred. A casual stroll in the 
woods will convince the most heedless observer that it is not the 
younger trees which are most subject to lightning. 

It is evident from the foregoing that infestation of a tree by the 
Douglas fir pitch moth does not result in immediate financial loss. 
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This has to be borne by future generations, just as the present is 

paying for the damage inflicted by the insect a century or more in the 
past. 

Actual tally of sesiid wounds, blazes, bullet wounds, bruises by 
blasting, etc., all of which cause blister effects in wood tissue, was 

Fic. 8.—An embryo pitch seam caused by the Douglas fir pitch moth 

only a few years after emergence of moth: A, Pitch blister which 

the larve caused before emerging; B, a-break in the tissues by 

wind strain on account of the defect; C, break filling with pitch ; 

D, inclosed pitch from pitch tube which caused imperfect heal- 

ing; H, parts of pitch tube which covered the larve, still part of 

the surface covering. Reduced. (Original.) 

made in a stand of Douglas fir about 30 years old, where conditions 
were most favorable for the operation of all the latter causes. This 

tally demonstrated that in this area of about 30 acres the sesiid 

wounds averaged, up to 15 feet from the ground, a little over 96 per 
cent, while the wounds from all other causes combined represented 
less than 4 per cent. Wounds above 15 feet could safely be consid- 
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ered almost entirely due to moths, but they were not counted. If 

they had been counted the percentage of all other factors would not 
have exceeded 1 per cent, and this in a location more or less unfavor- 
able for the moth. 

CHARACTER OF LARVAL WORK. 

(Figs. 9-10.) 

If trees have been injured the eggs are evidently deposited by the 

moth at the edge of wounds, regardless of their origin, and the larva 

Iric. 9.—Tunnel at the end of the first active season of the larve of 

the Douglas fir pitch moth. Natural size. (Original.) 

begins feeding at such places. The larva apparently follows the line 

of least resistance, because the resulting tunnel is likely to assume any 

shape in such cases. On perfectly sound trees the egg is evidently 
deposited where the bark is absolutely smooth and fresh, and the larva 

feeds upon the bark as soon as it slips out of the eggshell. This is 

apparently also the reason why trees with thick bark are attacked 

only where sesiid or other partially healed wounds provide condi- 
tions which answer the same requirement. 
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After the young larva has penetrated to the cambium, which 

usually occurs about August, or at a time when the growing period 
of the tree for the season is ended, it excavates a tortuous tunnel 

from 1 to 2 inches in length, parallel with and transverse to the 
grain of the wood. The length of the tunnel at completion depends 

largely upon the growth of the infested tree. In slow-growing trees 

_ Fic. 10.—Pitch tube covering larve of the Douglas fir pitch moth 

the second year after infestation. Natural size. (Original.) 

it reaches occasionally a length of from 5 to 6 inches at the time of 
moth emergence, while in very vigorous growers the larva maintains 
its well-being within a circular-shaped pit, not more than 2 inches 
in width, deeply embedded in the woody tissues of the cambium. 
The surface of the wound is invariably covered by a pitch tube of 

the color of the bark. When the outer crust of the tube is removed it 
is found to contain pitch and the excreta of the larva. If the same 
wound is reinfested, soft pitch mixed with the old crusty pitch 
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usually indicates the presence of the larva. Plural infestation un- 
der one pitch tube has not as yet been observed. 

Tt-is only upon very close examination of the tree that the infesta- 
tion will be revealed,.so perfect is the blending of color of the Doug- 
las-fir pitch and the bark, notwithstanding the fact that the covering 
pitch tubes are about 2 inches in diameter and protrude at least 1 
inch from the surface of the bark. The protuberances so much re- 

semble a knobby growth that considerable experience is necessary 
to enable one to distinguish them at sight. 

The attack is restricted to the main trunks of trees, the first, 

second, third, and fourth logs being usually most affected, the injury 
becoming notably absent above 60 feet from the ground. 

Trees are never killed outright, although very vigorous trees, if 
attacked several seasons in succession, become so weakened that their 

originally less robust neighbors easily outgrow them. 

RELATION TO OTHER DESTRUCTIVE INSECTS. 

In most localities where the Douglas fir pitch moth is present 
Douglas fir and larch trees are to be found with dead bark on the 
trunks in strips several inches wide and often more than 20 feet 
long. This peculiar injury, except in the case of Tetropium in larch, 
is usually attributable primarily to fires, bruises by falling trees, and 
perhaps, to some extent, lightning. Examination of these strips 
under the bark usually reveals sesiid larve, or at least abundant 
traces of their work. The galleries under the bark contain, in addi- 
tion. the unmistakable evidence of beetle infestation. In all such 
cases coming under the writer’s observation these beetles of the 
genera Melanophila or Tetropium were found to have infested the 

trees primarily or after they had sustained the mechanical injuries 
before mentioned. and to have been the agents which prepared favor- 
able propagating places for the moth. Extended observations lead 
the writer to believe that these and similar beetles do not follow the 
moth. but that the moths occasionally adopt the galleries, etc., of the 
beetles. 

A few trees which had been outstripped by their companions, evi- 
dently on account of previous moth infestation, were noted as subse- 
quently killed by Scolytus unispinosus, but, considering that these 

trees when killed by the beetles were already worthless as timber 
producers, the interrelation of moth and beetle in this instance seems 
of no economic consequence. 

Vespamima sequoia’ is another very injurious pitch moth which 

infests Douglas fir in old wounds and branches, and especially wounds 

runner, Josef, The Sequoia pitch moth. U. 8. Dept. Agr., Bul. 111, 11 p., 5 fig., July 

11, 1914. 
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originally made by Sesza novaroensis, thus extending the injury. In 
Montana it infests wounds in the trunks of Douglas fir to the extent 

of about 1 per cent. But in the vicinity of Ashland, Oreg.. Vespa- 
mima appears to have developed a special liking for this tree. Fully 
10 per cent of the pitch-moth larve sent me by Messrs. Edmonston 
and Miller from Ashland proved to be Vespamima sequoia. Accord- 

ing to the accompanying notes, all of the larve of this species were 
collected in wounds previously made. At Placerville, Cal.. a single 
larva of Vespamima was collected in Douglas fir, and this was in an 
old wound. 
Wounds in Douglas fir, especially those made by the pitch moth, 

presumably on account of their better protective character, are 
usually infested for several seasons by the larve of a small moth of 
the genus Laspeyresia.t Two or three larve are frequently found 
around the edges of a single wound. The Laspeyresia also attacks 
young Douglas fir at the base of branches independently, and, 
although the attack itself usually does no permanent injury, the 
resulting accessibility to the cambium often induces infestation by 
the Sesia. That the work of Sesia is responsible for the increasing 
numbers of Laspeyresia, by providing favorable conditions for prop- 
agation, seems a reasonable conclusion, yet it is doubtful if the 
abundance or scarcity of Laspeyresia similarly affects the pitch moth, 
which is well able to establish and sustain itself. 

RELATION TO NATURAL ENEMIES. 

In localities where Sesia novaroensis is more than commonly 

numerous nearly 20 per cent of its larve are killed before reaching 
maturity by a tachinid parasite.2 The influence of this parasite 
as a check on the numbers of Sesia or as lessening the depreciation 
of timber appears from a strictly economic standpoint to be practi- 
cally nothing, since it appears from extensive observations that only 
those moth larvee under imperfect pitch tubes are subject to attack 
by the parasite. As the greater number of pitch tubes form an 
impenetrable barrier against the parasite, there is little reason to 
expect that it will ever be a factor in the control of the pitch moth. 

MEANS OF CONTROL. 

In determining control measures for use against the Douglas fir 
pitch moth five readily accessible areas were selected for detailed in- 
vestigations. On all of these the stand of timber was mixed and the 
conditions were those which obtain in almost any location west of 
the Rocky Mountains, excepting the pure pine stands. The results 
ee ee) See ee A Se 

1 Identification by August Busck, Bureau of Entomology. 
* Identification by C. T. Greene, Bureau of Entomology. 
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of the investigations and experiments (Table I) made it evident 

that to accomplish any permanent good under general forest condi- 
tions it is best to extend control over large areas. In Project ITT, 
for example, where the infestation is in general rather slight, col- 
lecting was done within a 5-section mit over 460 acres only, in 
strips containing a stand of trees of a character more susceptible to 
attack, and while the destruction of the larve resulted in some 
reduction of the annual infestation, 1t could not in any sense be 
regarded as an important factor in reducing the ultimate deprecia- 
tion of the timber without the application of constant attention. 

Taste I.—Control of the Douglas fir pitch moth: Projects and results. 

e 

Larve collected. 

Project Sec- | Acres. : 
nip, Damage. Pane Remarks. 

1913 | 1914 

I | Medium... 5 | 3,200 790 74 | To June; from August to December, Slarvee found 
inarea. Collected thoroughly. 

PR Serious:---|- 22): =-2: 30 101 5 | Thorough search. ; 
III } Slight..-.-. 5 460 94 53 | From 1913 oviposition. 

| 16 | From 1914 oviposition. Collected during Decem- 
ber. Collecting done in strips of reproduction 

| within the mature stand. 
BVal Heavy -.-|5--3--2- 40 207 9 | From 1913 oviposition. 
Wa SGnlOUS-2--|= <--->» 10 41 2 | From 1912 oviposition. 

i 2 Lee! 

Eraeet | Age of stand. Local conditions. 
4 

| Years 
Lo. TAT a es ae Surrounded by older stand; hills and flats alternating. 

LS | 34 ars AS AR Ser eg eie Northern exposure; practically isolated, except for adjoining stand 
of mature timber. 

Ill 120, with strips of reproduc- | Heavy mountain forest in a solid stand which extends for miles. 
tion from 10 to 40 years old. 

ld Ae BSS Se eee Be ae es ete Creek bottom; flat surrounded by steep hills stocked with 10-year- 
old and younger reproduction. 

MIS O0 ee Peles eles ties Practically isolated, being surrounded by yellow-pine stand free of 
any sesiid. 

In Project I, which also covers five sections, the larvae were de- 
stroyed throughout, and during the autumn of 1914 but 8 larve were 
found near the border of the area. In Project I a daily inspection at 
the proper period in the year along the border would be amply suffi- 
cient to protect the entire area from a serious infestation until such 
time as the trees shall have outgrown the danger stage. 

The principle of “isolating” stands susceptible to infestation 
should be the potent factor in control of this insect. Let us take a 
practical example of what is meant by isolation in this regard. T’wo 

streams, distant from each other in an air line say a couple of miles, 

run parallel from their source at the base of a mountain to the open 
farm lands, but between them is. as usual, a dividing ridge. Along 
hoth streams, in favorable locations, the moth is equally numerous, 
yet elimination of the moth along the entire length of one stream 
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means the practical dissociation of it from its neighbor, because the 
dividing watershed line invariably provides unfavorable conditions for 

moth existence on one slope. (See Habitat, p.6.) No matter in which 
direction a stream may flow, one slope of the watershed is always 
subject to a greater degree of sunlight than is favorable to this insect. 

Again, a sufficiently wide strip of trees other than Douglas fir on the 
opposite side of a stream may safely be regarded as a buffer, as was 

indicated in the results of investigations in Projects II, IV, and V. 
Project V was an almost pure stand of Douglas fir which was con- 
nected with the next nearest solid block of Douglas fir, about 1 mile 
distant, by a few stragglers of this fir through the solid stand of sur- 
rounding vellow pine. 

Small tracts, which can be given attention for a few days annu- 
ally, may be kept comparatively free of infestation and, even if in- 
fested, the removal of the larva during the first year of its life will 

prevent the development of the wound to the serious stage. Of 
course the infestation, even for only a year or less, will leave a pitch 

spot in the tissue, just as 1s produced in case of unsuccessful Dendroc- 

tonus beetle attack or the infestation by bark maggots, but the result 
will not be nearly as serious as when the larva is left in the tissue to 
complete its life cycle. From the investigation it also developed that 
one experienced man could practically clean and keep clean an area 
50 miles square or, roughly, 1,600,000 acres of this class of damage 
within a few years. The long period of three years that is required 
for the insect to develop from egg to adult is a decidedly strong fae- 

tor in the case of its control. Considering the amount of annually 
“loggable” Douglas fir from such an area under the mixed-stand 
conditions that ordinarily obtain, and the percentage of depreciation 
wrought by the insect, the employment of such caretakers would 
appear to be a good investment, even if there were no other insect 

problems requiring the attention of the men. 

If in the future lumbering interests are not to pay the same tax 

to the pitch moth of our time as is now contributed, due to the 
depreciation of timber a century and more ago, the present day is the 
time to aid in the elimination of this pitch moth. 

Asis apparent from the foregoing text relating to the larva and to 
the seasonal history of the moth, two generations of larvee, excluding 
the overlapping percentage at high altitudes and from late oviposi- 

tion, may be found at any time of the year. For example, by July 1, 

1915, the issue from the 1912 oviposition will have emerged and be- 
tween that date and September 1, when the pitch tubes produced by 
the issue of the 1915 oviposition are sufficiently developed to be 
readily seen, only larve from the 1913 and 1914 issue are to be 
found. From September 1 until June 1, 1916, when the 1913 issue 
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will emerge, 3 generations, those of the issues of 1913, 1914, and 1915, 
may be located and destroyed at one time. However, no matter how 

close the examination, a few infested pitch tubes will always escape 
notice. It is therefore advisable that the same area be scouted 
several times in the course of each season. After an area is once 
cleared it should not be a difficult task to keep the insect in check and 
much the less so if control projects cover big sections.? 

Destruction of the larva is the only remedy that can be used to 
reduce an infestation. When the infested pitch tube is located, it 

should be separated from the tree, the thus exposed larva killed, and 
to insure cleaner healing the ragged edges of the wound should be 
smoothed with a knife or small ax, after which they should be painted 
with creosote or a similar preparation, to prevent reinfestation by 
insects or fungi. The enlarging of the wound by the smoothing of 
its edges will also leave a pitch blister in the tissues, but the ultimate 
result will not be nearly as disastrous as from the untreated sesiid 
wound, since a clean healing from the inside obviates much of the 
chance of its producing a circular seam. Freshly vacated wounds 
might be treated the same way with profit. 

SUMMARY AND CONCLUSIONS. 

That the financial loss caused by Sesia novaroensis in Douglas fir 
product is great and represents a greater leak in profits to manu- 
facturers than any other avoidable item is evident. 

That the depreciation for which this age is taxed can be eliminated 
for the benefit of posterity at an expense so low that it is but a 
fraction of that which the damage represents seems to be sufliciently 
demonstrated by the results of the investigations and experiments. 

The manufacturer will always bear the greater extent of the loss, 
and the manufacturing interests should inaugurate the elimination of 
the insect by putting into effect a policy of paying better prices for 
timber where it is clear of pitch seams and reducing the price com- 
mensurately for material where logs are defective to an appreciable 

extent, instead of paying a uniform amount of so much per thousand 
feet in a locality, without consideration of existing conditions. This 
would create among owners of forest lands a stimulus to produce clear 
timber, free of pitch seams, by a little attention annually, and even 
if the immediate desire should be merely the obliteration of the 

evidence on young trees by which the defect in the merchantable 

material is determined, for the purpose of deceiving the lumber 

cruisers, it would nevertheless produce the desired end. 

‘Under * Habitat” and * Host Trees and Character of Injury’ is suggested where to 

look for infested trees, 
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On account of the long life cycle of the Douglas fir pitch moth its — 
elimination, in any country where forestry is sufficiently advanced to 
be a profitable business and where the forests are taken care of as 
they should be in order that they may be profitable, will follow. In 
the range of the Douglas fir there are millions of acres of forest land 
which are inaccessible and practically worthless at the present day, 
but they will remain so not much longer, and with advanced methods 
in forestry Sesta novaroensis is bound to disappear ultimately. The 
process of its eradication will necessarily be slow, but this is no reason 
why a systematic policy to attain this result should not now be 
adopted in areas which have been and are being logged and which, it 
is certain, will be logged again when the reproduction attains mer- 

chantable size. 
While in this paper only the more serious result of pitch-moth 

infestation during the first 40 years’ growth of trees is considered, it 
does not mean that the insect does no damage in older and mature 
trees. As is seen under “ Host trees,” it infests these also under 

favorable conditions, but in such cases the infestation results only in 
the so-called “gum spots,” the pitch blisters being too near the 
surface of the trees to cause serious breaks and ultimate “pitch 
seams”? by mechanical strain in the part of the tissues rendered in- 
flexible. In regard to the “ gum spots” in Douglas fir, which entail 
practically no loss to mills, but for which the builder and consumer 
foots the bill entirely, the pitch moth is responsible for not more 
than 10 per cent, Dendroctonus pseudotsugae for not less than 70 per 
cent, and all other causes for about 20 per cent of the damage. 



DOUGLAS FIR PITCH MOTH. 23 

SYNONYMY. 

Aegeria novaroensis Henry Edwards, Papilio, v. 1, 1881, p. 199; Grote, New 

Check List N. Amer. Moths, 1882, p. 12; Beutenmiiller, Bull. Amer. Mus. Nat. 

Hist., v. 4, 1892, p. 172. 

Sesia novaroensis Smith, List Pepid. N. Amer., 1891, p. 20; Beutenmiiller, 

Bull. Amer. Mus. Nat. Hist., v. 8, 1896, p. 188; Beutenmiiller, Memoirs Amer. 

Mus. Nat. Hist., Monograph of the Sesiidze of North America, 1902, p. 289. 

LITERATURE CONSULTED. 

BEUTENMULLER, W. Monograph of the Sesiids: of America north of Mexico. 

In Mem. Amer. Mus. Nat. Hist., v. 1, p. 217-852, pl. 29-386. New York, 

March, 1901. 

FROTHINGHAM, E. H. Douglas fir: A study of the Pacific coast and Rocky 

Mountain forms. U. S. Dept. Agr., For. Serv., Cire. 150, 38 p., 3 fig., 

Jan. 23, 1909. 

Buscx, Aueust. Descriptions of new Microlepidoptera of forest trees. In 

Proc. Ent. Soc. Wash., vy. 16, no. 4, p. 148-150, pl. 7-8, Dec., 1914. 



ADDITIONAL COPIES 

OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 

GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

: AT 
5 CENTS PER COPY 

V 



BULLETIN No. 256 ¥ ai 
OD) 

was 

Contribution from the Bureau of Entomology 

L. O. HOWARD, Chief 

Washington, D. C. PROFESSIONAL PAPER July 27, 1915. 

KATYDIDS INJURIOUS TO‘ORANGES IN CALIFORNIA. 

By J. R. Horton and C. E. PEMBERTON, 

Scientific Assistants, Tropical and Subtropical Fruit Insect Investigations. 

INTRODUCTION. 

There are at the present time in the San Joaquin Valley of Cali- 
fornia over 43,000 acres of land devoted exclusively to the cultivation 
of citrus. The citrus strip lies along the Sierra foothills between 
Bakersfield and Fresno. Although some citrus trees have been grown 
in this area for more than 25 years, most of this great acreage has been 
planted in the last 15 years. The transformation of this strip of land 
from a semiarid grain-growing belt into an irrigated fruit-growing area 
has so changed the status of certain formerly obscure species of insects 
native to the locality as now to bring them into prominence as pests. 

One of the more important of these species is the fork-tailed katy- 
did, Scudderia furcata Brunner. The amount of damage done by this 
insect has increased considerably since 1910, when it first came to the 
attention of the senior author. In 1912 it caused a loss in several 
orchards of a full fourth of the crop. 

Associated with the fork-tailed katydid in the orange groves and 
closely resembling it is the angular-winged katydid, Microcentrum rhom- 
bifolium (Sauss.). This insect is also responsible for a certain amount 
of injury to orange trees annually, feeding voraciously, as it does, 
upon the leaves. It is, however, of much less importance than the 
former, and is treated here rather because of close association with and 

resemblance to the fork-tailed katydid than on account of its economic 
importance. No distinction has heretofore been made between. these 
two species in the orange groves of California. 

THE FORK-TAILED KATYDID. 

NATURE AND EXTENT OF INJURY. 

The fork-tailed katydid (Scudderia furcata Brunner), so named from 

the peculiar forked appendage at the tip of the abdomen in the male, 

Norg.—Technical descriptions of two katydids causing serious damage to oranges in California are 

contained in this bulletin. Remedies and methods of control are discussed. 

93417°—Bull, 256—15 I 
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is so large that a day’s feeding by a single individual may mean the 
destruction of several small oranges. Once an orange is attacked it 
is invariably rendered unfit for sale, and therefore usually left on the 
ground in the field at picking time. 

The young katydids are on the trees and actively feeding at about 
the time the latter are beginning to lose their petals, and the injury 

usually begins at this stage. The insect will sometimes 
attack the blossom buds, generally gnawing a hole 
through the petals to reach the pistil and ovary, these 
organs often being destroyed in a considerable number 
of blossoms (figs. 1, 2). The petals themselves have 

apparently but little attraction for the insect. 
Whenever as many as 15 or 20 of the nymphs are 

found on a tree, the injury to the immature fruits 
Fic. 1—Orange Pecomes quite noticeable and a quantity badly chewed 
bud injured will be found on the ground (Pl. I, fig. 1). The injured 
(orient) Oranges usually have been more than one-third destroyed 

or have received one or more holes large enough to 
admit the head and thorax of the slender katydid nymphs, such 
holes often extending entirely through the oranges. Many other 
oranges which have been two-thirds or more eaten away will be 
indicated by the portions remaming on the trees. The oranges 
which have been only slightly chewed when small and those which 
receive the injury after they are considerably grown and have “set” 
firmly to the tree remain to ripen only to be “culled” out either at 
picking time or in the packing-house. At picking time 
many of these damaged fruits are conspicuous owing to 
the clean-cut circular holes in the rind, which vary from 
the size of a dime to about that of a silver dollar (Pl. I, 

fig. 2; Pl. II, fig. 1). The insects have the habit, how- 

ever, of chewing into the larger fruits from the side 
toward the tree trunk, seeking the shade and also pro- mse 
tection from birds, and the injury may not then be noted efile 

until the fruit is picked. The holes in the more mature om which 

fruits, as in the very young ones, are often deep, extend- ie Sie 

ing through the rind and rag, well into the pulp. Many att of the 
: : 2 fruit has been 

oranges are split wide open as the result of katydid eaten by 

injury inflicted when they were only about one-fourth atydids. 
5 =e : 3 ; (Original.) 

matured, due to inability to expand along the dried 
edges to accommodate growth (PI. I, fig. 2). All oranges which 
have been attacked after the crop has thoroughly set mature with 
the sound fruit, on the trees, and although edible they must be 
considered a dead loss, since they are unfit for shipment. 

Examination in the orchards of hundreds of boxes of oranges 
throughout the San Joaquin Valley during the picking seasons of 
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1911 and 1912 showed the injury to be very widespread. Very few 
orchards were examined which failed to indicate the presence of this 
katydid by the unsightly chewed fruit, either in the boxes or dis- 
carded as worthless upon the ground about the trees (PI. IJ, fig. 2). 

In 1912, before the picking season commenced, an examination was 
made of all the fruit on 10 or more trees in each of 53 orchards of 
Washington navel oranges scattered throughout the orange district 
to determine the total injury to the mature fruit. Only 3 of these 
orchards were entirely free from katydid-injured fruit. In 3 of the 
remaining orchards the damage, though present, amounted to less 
than 1 percent. In the remaining 47 orchards from 1 per cent to 39 
per cent of the maturing crop was rendered totally unfit for sale by 
the katydids. Fourteen of the 47 orchards suffered a loss of 10 per 
cent or more of thecrop. The total loss of fruit from this cause for 
the 47 orchards averaged 8.2 per cent of the entire maturing crop. 
These estimates do not, of course, include the very young fruits 
which are completely destroyed soon after the petals are off, and 
this loss is rarely noted at all by orange growers. 

The orchards in which the injury is excessive are not necessarily 
in isolated locations, as has been supposed, nor are they growing 
under any unusual conditions. The katydid, however, appears to 
be slightly more abundant in the foothills regions, and it shows some 
preference for young and vigorously growing orchards. 

Several groves which had previously suffered but slightly from 
katydids were called to the attention of the writers in 1911 and 1912 
because of the increasing injury. Thus an orange grower informed 
the writers that he had seen the familiar circular holes cut in the 
fruit by katydids on his place for 14 years. Such a small percentage 
of fruit was affected, however, that he had paid no special attention 
to it until the fall of 1911, when he noted a material increase in 
injury. Just after the crop was picked in 1912 a visit was made to 
his orchard and the injury found much worse than in 1911. The 
pickers had just finished a 6-acre plat of young navel trees, from 
which they had discarded 12,000 oranges because of katydid injury. 
About 100 boxes of oranges were therefore ruined in this 6-acre block 
of trees, and as 800 boxes of good oranges were picked from these 
trees a complete loss of 11 per cent of the mature crop plus an 
undetermined percentage of young fruits and blossoms which might 
have become fruit was sustained. A 15-acre orchard of young 
Washington navel trees, which were but slightly infested in 1911, 
became seriously infested in 1912. When the final picking was made, 
533 boxes of good oranges were secured from the orchard, while 
approximately 175 boxes, 21,000 oranges by count, were rejected as 
worthless because of splits, gashes, and holes caused. by katydids. 

The most striking example of injury by this katydid that has come 
to the attention of the writers was that of a navel-orange grove so 
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grossly infested in 1911 that 57 per cent of all the mature fruit was 
ruined. This was determined by actual count made at picking time. 
Many undeveloped, badly chewed oranges on the trees and the usual 
dried remains of other riddled fruits on the ground were not taken 
into account in this examination. These trees, which should have 
produced, at the very least, 2 boxes of oranges each, averaged only 
about 7 sound oranges per tree. In 1912 the injury was again very 
great in this orchard. A large amount of fruit was chewed and 
destroyed while still small, and the average number of oranges was 
but 9 per tree after all dropping had ceased and the fruit had matured. 

It should be mentioned that, to the present time, the most severely 
damaged orchards are generally those in which the trees are 10 years 
of age or younger, although several of the older orchards suffered 
ereater injury in 1912 than in any previous season. 

Injury to Valencia oranges.—Examination of all the fruit on several 
trees in each of 15 Valencia orange groves showed this variety quite as 
susceptible to attack by katydids as the various navel types, the 
percentage of injury being practically the same in both. 

Injury to foliage (Pl. ILI, fig. 1)—The fork-tailed katydid, as well as 
the angular-winged katydid, feeds during its entire life upon the leaves 
and stems of orange trees. It selects by preference the new, tender 
srowth, filling the leaves with holes and often completely destroying 
the stems. The injury to foliage has not been serious except on trees 
where the nymphs were unusually numerous. 

FOOD PLANTS. 

Under the conditions prevailing in the San Joaquin Valley citrus 
area, the fork-tailed katydid feeds almost exclusively upon the sweet 
oranges, where at all times the food supply is abundant and attractive. 
It has not been taken upon any other variety of citrus. Weeds are 
rarely allowed to grow in the orchards and, except in early spring, 
do not flourish on the unirrigated lands surrounding them. The 
insect has not in a single instance been found upon native weeds. 

On one occasion, in October, 1911, the senior author heard a male of 
Scudderia furcata stridulating in a patch of string beans. Examination 
of the plants disclosed two adult females, and a bean leaf was found 
which contained two eggs. The following month he found eggs of the 
species in the leaves of apple and peach trees growing near orange 
trees. ‘The insect was reported to the writers by an orchardist as 
injuring grapevines on his place. This report was verified and the 
injury found upon both leaves and berries. 

Other writers have reported the insect as occurring upon “ weeds,”’ 
“coarse grasses,” ‘thickets,’ “hedges,” etc. Its food plants un- 
doubtedly comprise widely different species in various sections of the 
United States. Under the name Scudderia curvicauda (De Geer) it 
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Fig. 1.—YOUNG NAVEL ORANGES RIDDLED WITH HOLES BY KATYDIDS. (ORIGINAL.) 

Fic, 2.—RiPE ORANGE SHOWING KATYDID SCAR AND THE BEGINNING OF SPLITTING. 

(ORIGINAL.) 
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Fic. 1.—ORANGE LEAVES INJURED BY KATYDIDS. (ORIGINAL.) 

FiG. 2.—THE FORKED-T AILED KATYDID (SCUDDERIA FURCATA): ADULT FEMALE. ABOUT 

TWICE NATURAL SIZE. (ORIGINAL.) 

THE FORKED-TAILED KATYDID AND DAMAGE TO ORANGE LEAVES. 
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has been reported by Riley’ as feeding mostly on oak leaves and 
showing a preference fur depositing its eggs therein. 

LIFE HISTORY AND HABITS. 

THE Hee. 

The ege (fig. 3) may be described as follows: Length, 4.5 mm.; 
breadth, 1.87 mm.; greatest thickness (when first deposited), 0.5 mm. 
Light gray; smooth, glistening; flat, ovoid, sightly reniform. 
The egg is completely hidden from ordinary observation in the 

plant tissues; in fact, most eggs are inserted into the edges of the older 
and rather tough leaves, between the upper and lower surfaces. They 
are at first difficult to detect, but after practice their presence may be 
recognized by certain outward indications. The edge of the leaf 
where the egg is inserted is generally slightly chewed away, and with 
a lens the sharp tip of the egg may often be seen protruding from the 
cut. When the chewed places are not in evi- 
dence, the presence of an egg may be recognized 
by a slight oval swelling in the edge of the leaf. 
More rarely from one-fourth to one-half of the 
ege may be found protruding from the edge of 
the leaf. Occasionally two eggs are deposited 
side by side, and in course of growth they may 
break through the epiderm and remain exposed 
along an entire side. A suspected leaf, when 
held to the sun, will show the complete outline 
of any eggs which may be present. Eggs are Hse Sena Saunteek 
occasionally found inserted into the angular = furcata) in position in an 
edges of tender orange stems. At times the ET) (ode ble 
female eats a hole through a leaf and deposits 
eggs in the edge of the hole. Most eggs will be found in leaves well 
concealed within the spread of the tree, being thus protected, as well 
as may be, from enemies and frost. The number deposited in a 
single leaf ranges from 1 to 10, rarely more than 10; the average great- 
est number being but 3. 

During the first warm days of spring the eggs begin to swell through 
the development of the embryo. Shortly before hatching the egg is 
almost three times as thick laterally as when first deposited, the 
swollen areas in the leaf being therefore much more easily detected 
at this time than in fall or winter. In hatching, the two lateral 
halves of the eggshell separate along the outer third of their length, 
and the nymph slowly forces its way out head foremost. Experi- 
ments with a large number of eggs showed that hatching may take 

place even in leaves which have fallen to the ground and become 
dried out, provided they are kept fairly moist by exposure to the 

1 Riley, C. V. Sixth Annual Report on the Noxious, Beneficial, and other Insects of the State of Mis- 

souri, p. 164-166. Jefferson City, Mo., 1874. 
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winter rains. If, however, the leaves are kept perfectly dry, a large 
percentage of the nymphs fail to extricate themselves from the egg- 
shell. This observation suggests the possibility that the species 
may successfully pass the winter in the egg stage even in deciduous 
leaves and in its most northerly range, provided these leaves are 
sufficiently protected from freezing by a covering of dead leaves and 

snow. 
INCUBATION PERIOD. 

Eggs have never been observed to hatch during the year they were 
deposited, and in the San Joaquin Valley they invariably pass the 
winter in the leaves on the citrus tree. The average duration of the 
egg stage, as determined in 1911 and 1912 from 68 eggs deposited 
between July 14 and August 6, was 286 days. Eggs deposited in 
July averaged about 290 days; those deposited in August, about 275 
days. Those deposited later in the year undoubtedly have a shorter 
duration, since the period of hatching for all is short. In general, 
the incubation period lasts from the maximum period of deposition, 
about the middle of August, to the maximum period of emergence, 
which, in 1912, was about the middle of May, or 275 days. 

‘ ENEMIES OF THE EGG. 

A small chalcidid parasite, determined by Mr. J. C. Crawford as 
belonging to the genus Anastatus, is the most important, and indeed 
the only enemy of the egg discovered during the investigation. 
This parasite, though perhaps the most important natural check to 
the species, is much more effective m checking the angular-winged 
katydid, to which it largely confines its attacks. On March 22, 1912, 
a quantity of orange leaves, each containing one or more eggs of 
S. furcata, was gathered and kept in condition for the hatching of the 
eggs. On April 2 adult parasites began to emerge from these eggs 
and continued to do so for one and one-half months, or until May 18. 
The proportion of eggs parasitized in the lot under observation was 
25 per cent. The eggs were taken at random from all parts of an 
orchard, and it seems reasonable to assume that fully 25 per cent of 
all the eggs in this orchard were parasitized. 

General appearance of adult parasites—The little parasites run- 
ning over the orange leaves resemble small, winged black ants. 
They are very active, glossy black, reflecting metallic bronze-green 
in the sunlight. They have two pairs of membranous wings, the 
fore pair in the female being almost covered by a large, brownish 
spot; both pairs are transparent in the male. The female is about 
one-eighth inch long, the male considerably smaller. Only one 
parasite issued from a single katydid egg in any case observed. The 
insect escapes from the side of the parasitized egg. The oviposi- 
tion of Anastatus has not been observed. 
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THE YOUNG. 

GENERAL APPEARANCE. 

The young katydids of this species vary in length from one-sixth 
to three-fourths inch, depending on their age. Immediately after 
issuing from the egg they are of a pale flesh 
color, without visible vestige of wings. The 
head and mouth parts are-large in proportion 
to the rest of the body; the antennz are long 
and slender and usually directed forward. The 
larger nymphs, with rudimentary wings or 
‘“wing-pads,” are bright green, closely match- 
ing the color of the orange leaves on which they did (Scudderia furcata): 

First-instar nymph. About 

rest. They resemble somewhat the young of three times natural size. 
the short-horned grasshoppers (Acridiide), ex-  O"#™!) 
cept for the long, slender antennze. They usually remain motionless 
upon the leaves or move over to the side away from the observer when 
too closely approached. Ordinarily at the approach of danger they 
become perfectly motionless in every part and, simulating the leaf 
color closely, are readily overlooked. When sufficiently disturbed, 

however, they show ample power as leapers, and will jump 
a foot or more. 

DESCRIPTION OF INSTARS. 

The young katydid grows slowly for an average period 
i of about 73 days, during which time it molts six times 

before final emergence as » mature insect. 
First instar (fig. 4)—Measurements: Greatest breadth 

ue of head, 1.10 mm.; greatest breadth of abdomen, 0.75 mm. ; 
ee’ length of body, 4.10 mm.; length of pronotum, 0.70 mm. ; 
katydid: length of posterior femur, 4.20 mm.; length of antenna, 10 
ae , mam. Just after issuance from the egg the nymph is of a 
antenna of pale flesh color. The legs, head, and thorax are irregularly 
gaa marked with small blotches of red, purple, and white; the 
Greatly en- abdomen, with about ten longitudinal rows of minute red 
eects and white spots, the most conspicuous of which are one 

row of dark spots on either side of the middorsal yellow 
line and two rows of white spots below these on either side of the abdo- 
men. The newly issued nymph is about one-sixth inch long. The 
fastigium, which is most prominent in this stage, is about one-half as 
long as the club-like basal segment of the antenna (fig.5). Antennawith 

five distinct, broad white rings at regular intervals from tip to base, and 
with two narrow, less distinct white rings near the base; spaces between 
the rings dark purple. Head broad, thorax comparatively narrow, ab- 
domen considerably enlarged toward tip. The lateral edges of sclerites 
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forming the dorsum of the mesothorax and metathorax appear as little 
flap-like, evenly rounded processes folded down over the upper 
portion of the episterna and epimera of their respective segments. 
These semicircular processes are. the wing rudiments and are dis- 

tinctly characteristic of this instar. 
Second instar (fig. 6).—Measurements: Breadth of head, 1.3 mm.; 

greatest breadth of abdomen, 1.4 mm.; length of body, 6mm.; length 
of pronotum, 1.1 mm.; length of posterior femur, 6.1 mm.; length 

of antenna, 14 mm. The markings on 
the body are the same as in the preced- 
ing instar, but the ground color of the 
abdomen is bright green, making the 
spots on it less conspicuous. Thesmall, 
flaplike wing rudiments are now almost 

Bi fie a equilaterally triangular, with nearly 
Fic. 6.—The fork-tailed katydid: Second- i f 

instar nymph. Somewhat more than pointed and but very slightly rounded 

putea Gallenieel, ((Ommigtiel.) tips. The bright green color of the ab- 
domen and the triangular shape of the wing-pads readily distinguish 
this stage from the preceding one. Just after the first molt the 
nymph is about one-fourth inch long. 

Third instar (fig. 7)—Measurements: Length of body, 7.4 mm.; 
length of pronotum, 1.55 mm.; length of posterior femur, 7.5 mm.; 

length of antenna, 17 mm. The general color and markings of the 
body are as in the second instar, the intensity of the green coloring 
varying in different individuals. In this and succeeding instars the 
head and abdomen are less broad 
compared with the thorax than 
in instars I and II. The wing 
rudiments are triangular as in 
the second instar, but their hind 
margins extend downward and 
very slightly forward, while the 
front margm extends more 
abruptly backward than in pre- 
ceding stages, thus making the 
sides unequal in length. Faint 
evidences of wing-veins may be distinguished at this stage. Just 
after molting to this instar the nymph is about one-third inch long. 

Fourth instar (fig. 8).—Measurements: Length of body, 10 mm.; 
pronotum, 2.3 mm.; posterior femur, 10.8 mm.; antenna, 24 mm. 

Color as in preceding instar. Wing-pads appressed to sides of meso- 
thorax and metathorax as in preceding instars, but both front and 
hind margins extending downward and backward; posterior pair 
reaching well over on the sides of the first abdominal segment. About 
eight veins can be readily distinguished in the hind wings and a few 

Three times natural size. (Original.) 
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are faintly visible in the forewings. The pronotum covers about one- 
half the dorsum of the mesothorax. The sexes can be distinguished 
in this stage by the appearance of the external genitalia. Just after 
the third molt 

4 

the nymph is -/ 

about two-fifths we | 
inch long. : 
Fifth instar (fig. fy 

9).— Measure- 

ments: Length 
ef bedy, 12.5 
mm.; pronotum, 

3.1 mm.; pos- 
terior femur, 13 
mm.; antenna, 

26 mm. In this me \e 
instar the posi- Fia. 8.—The fork-tailed katydid: Fourth-instar nymph. About three times 

Bon occupie a by natural size. (Original.) 6 

the wing-pads is different from that in any of the earlier instars. 
They now lie partly over the abdomen in a tectiform position, this 
change being brought about by the previously outwardly exposed 
sides being brought out, upward, and in leaving the inner sides 
exposed roof-shape above the body. The tips of the posterior 
wing-pads now reach to the hind margin of the second abdominal 
segment; wing-pads similar in shape, in position relative to the body, 

and in venation to 
the adult wings. 
Pronotum complete- 
ly covering the dor- 
sum of the meso- 
thorax. The young 
of this instar are 
about one-half inch 
long shortly after 
the molt. 

Sixth wnstar (fig. 
10).—Measurements: 

Length of body, 16 
mm.; pronotum, 4.5 

mm.; posterior fe- 
Fic. 9.—The fork-tailed katydid: Fifth-instar nymph. About three mur, 18.5 mm.; an- 

times natural size. (Original.) 
tenna, 3.9 mm. In 

this instar the nymphs resemble adults in almost every particular 
except the smaller size of the wings. Just after molting the wings 
extend rooflike over the abdomen to the ninth segment, the dorsal 

93417°—Bull. 256—15——-2 



10 BULLETIN 256, U. 8. DEPARTMENT OF AGRICULTURE. 

adges meeting near their tips. With feeding and growth of the nymph 
the abdomen elongates without a corresponding growth of the wings, 
with the result that the latter reach only about to the sixth abdominal 
segment just before transformation to the adult. The prothorax 
extends slightly over the dorsum of the metathorax. The white 
sings on the antennez, which have grown gradually fainter with each 
succeeding molt, are now but faintly visible. The external genitalia, 
the ovipositor in the female and the forked, supraanal spine in the 
wale, appear to be almost as fully developed as in the adult. The 
mymph is about five-eighths inch long just after the molt to this instar. 

YA 

coon! : She Tey Sake 

¥iq. 10.—The fork-tailed katydid: Sixth-instar nymph. About three times natural size. (Original.) 

DURATION OF INSTARS. 

The duration of instars, averaged from all our records, was as 
follows: Instar I ranged from 10 to 35 days, with an average of 18.8 
days; mstar II ranged from 8 to 13 days, with an average of 9.7 days; 
mstar III ranged from 4 to 12 days, with an average of 7.1 days; 
mstar IV ranged from 6 to 10 days, with an average of 8.3 days; 
mstar V ranged from 3 to 15 days, with an average of 10.4 days; 
mstar VI ranged from 12 to 20 days, with an average of 14 days. 
The complete nymphal stage required from 58 to 88 days. Nymphs 
issuing early in the spring were slower to become adults than those 
issuing later when the average temperatures were higher. 

MOLTING. 

After feeding for from 1 to 3 weeks the nymph ceases to eat and 
gemains sluggish for from 24 to 48 hours. The skin then splits along 
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the middorsal line from between the eyes to a point between the 
posterior wing-pads. The insect hangs helplessly, head downward, 
suspended by the posterior claws, and gradually works its way out of 
the dead skin. The head, thorax, fore-legs, intermediate legs, wings, 
abdomen, and hind legs are freed from the exuvium in the order 
named. During the entire process the antenne are held lightly be- 
tween the maxillary palpi and pulled and guided carefully from their 
position along the ventral surface of the body. 

ENEMIES OF THE NYMPH. 

A common gray jumping spider, determined by Mr. Nathan Banks, 
of the Bureau of Entomology, as Thiodina puerperis Htz., has been 
observed to capture the small nymphs of the first instar. This active, 
solitary spider is quite numerous on orange trees in the San Joaquim 
Valley, and feeds upon insects of several orders, injurious and bene- 
ficial alike. The very young spiders capture insects as minute as 
the citrus thrips. 

In 1911 a small chippimg sparrow was noted in some abundance 
among trees of various katydid-infested orchards, and was apparently 
very busily capturing katydids. Birds are undoubtedly the most 
important enemies of the katydid in this section. 

THE ADULT. 

GENERAL APPEARANCE. 

The adults (Pl. III, fig. 2) are dark green, their color blending 
almost perfectly with that of the orange leaves. They habitually 
seek the shady interior of the tree during the heat of the day, thus 
adding to the difficulty of discovery, even when fairly abundant. 
Their length is about 14 inches from vertex to tip of wings. When 
they are at rest, the wings, which are narrow and rounded at the tips, 
are closely folded along the sides of the body. In flight the stiff, out- 
stretched wings and the habit of sailing for considerable distances 
with scarcely any wing movement give them a fancied resemblance 
to a monoplane. 

EMERGENCE AND MATING, 

As a rule most of the nymphs transform to the adult stage early m 
the summer, though the exact time of beginning emergence varies 
more or less in different years. In 1912 adults were fairly numerous 
by June 15 and practically all of the insects were in the adult stage 
by July 5. In 1911 the period of emergence was slightly later than 
in 1912, and nymphs were found in the field until about July 17. 

Mating usually takes place about 20 days after emergence, the 
time elapsing between the last molt and the first copulation varying 
from 14 to 40 days. Females which have recently mated can usually, 
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if not always, be detected by the extrusion near the base of the ovi- 
positor of a bilobed translucent, jellylike mass of unknown character, 
which is visible for several hours.' 

Specimens in captivity have mated as often as six times in a 
period of about 120 days. Union of the sexes perhaps occurs less 
often in the field. The stridulation note of the male is a short, soft 
rasp, usually given one, two, or three times in succession. The note 
is produced by rubbing the short, filelike process, extending diagonally 
across the under surface of the forewings, over the thin margin of 
the hind wings. At times it appears to be a sexual call, at other 
times merely a note of alarm; it is most persistent at night. 

OVIPOSITION. 

Oviposition, which has been observed by the writers many times, 
has already been described in some detail by Riley.? Variations from 
Riley’s account were noted in the orange groves near Lindsay, Cal., 
as follows: For a period of about 10 seconds the female generally 
cleanses, or possibly lubricates, the convex edge and tip of the 
ovipositor with her mouth before the deposition of each egg. The 
ovipositor is always held firmly between the mandibles from the mo- 
ment its tip touches the edge of the leaf until the blade is finally with- 
drawn from the latter. As the ovipositor is forced between the leaf 
surfaces the two pairs of blades comprising it move slowly back and 
forth, alternately, over each other with a distinct though slight rotatory 
motion. The apical third of two of the blades is finely notched, 
sawlike, along the concave margin, the other pair being similarly 
notched along the convex margin. At the beginning of oviposition 
the ovipositor is worked into the leaf for almost its entire length, thus 
forming a pocket to contain the egg. Without pause the organ is 
then withdrawn to half its length, and the abdomen begins to expand 
and contract rhythmically, forcmg the egg between the blades of the- 
ovipositor into the cavity in the leaf. The complete operation of 
depositing one egg requires about four and one-half minutes. 

Rate of oviposition and number of eggs deposited by single females.— 
A female of Scudderia furcata has been seen to deposit as many as 9 
eggs in 45 minutes. This high rate of oviposition is not, however, 
long maintained, and after depositing such a number the female usu- 
ally ceases to oviposit for from one to four days. Eggs are seldom 
deposited for more than three days in succession. During the summer 

have observed it on the female of Microcentrum rhombifolium Sauss.; C. P. Gillette has seen and described 

it on Anabrus simpler Haldeman; R. E. Snodgrass has noted the phenomenon in connection with the 

mating of Peranabrus scabricollis Thomas; and it had previously been observed in Scudderia furcata 

Brunn. by A. N. Caudell. 

2 Loe. cit. Due to a misidentification the name here used is Scudderia curvicauda. 
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the usual number of eggs, from 1 to 3, are laid overnight, at which 
time oviposition mostly occurs. Oviposition decreases during the 
fall months and usually ceases entirely about midwinter. Females 
which have ceased to oviposit in winter may be induced to begin 
again by placing them in an artificially warmed atmosphere. Thus, 
one of a number of females which had ceased to oviposit about the 
middle of November, when taken from a temperature of 40° F., early 
in December, and placed in a room heated to 75° F., began to oviposit 
and laid 8 eggs in the course of an hour. A single female in the course 
of her life deposits, on an average, about 175 eggs. Infrequently 
individuals held in captivity from the middle of July to the following 
December have deposited about 230 eggs. The following complete 
individual records were obtained from specimens which emerged in 
captivity and were kept there, under nearly field conditions, until 
death: 

TaB_e I.—Oviposition record of the fork-tailed katydid, Lindsay, Cal., 1912. 

| xo.ot | Nymber | voor | Number 
specimen. ' deposited. || SP°1™e”- | deposited. 

| 
1 169 10 206 
2 172 11 74 
3 121 12 140 
4 174 13 230 
5 114 14 87 
6 64 15 142 
7 78 16 239 
8 132 17 61 
9 57 18 159 

Most of the eggs of this species are deposited during the period 
from the latter part of July to the last of September, though ovipo- 
sition still occurs as late as the first week in December in warm 
winters, and adults have been found ovipositing as early as June 18. 

LENGTH OF LIFE OF ADULTS. 

Adults reared in screened cages, protected from their natural 
enemies and given an abundance of fresh food daily, lived, on an 
average, 125 days, or a little over four months. In a few exceptional 
eases individuals lived from 150 to 160 days—162 days in the case 
of a single specimen being the record longevity. 

ENEMIES OF THE ADULT. 

Birds undoubtedly play an important part in reducing the num- 
ber of adults each year. Under field conditions adults are less 
numerous in October and November than in July and August, yet 
specimens protected by large sercen cages live through October and 
most of November as actively as during the first few wecks of their 
adult life. In certain orchards where the infestation was particu- 
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larly bad in 1911 and 1912 large numbers of adult katydids disap- 
peared in August and September. At about the same time large 
numbers of small birds of an undetermined species were noted in 
and about these orchards. These little birds were unquestionably 
responsible for the disappearance of katydids. 

SEASONAL History. 

As there is but one generation of the fork-tailed katydid annually, 
the duration of the life cycle is approximately one year. The aver- 
age life cycle, as determined from a number of complete rearings m 
1911 and 1912, was 367 days, ranging from 343 to 383 days. The 
first nymphs to appear issued about April 20, the majority issuing 
during May. Nymphs are most abundant in May and June, but 
have occasionally been seen as late as August 15. The first adults 
appear early in June, are fairly numerous by the last of June, and 
most abundant during July and August. They can be found with- 
out much difficulty in September and more rarely in October. The 
last specimens of the season were captured December 3. A few 
have been kept alive in screen cages until early January. 

THE ANGULAR-WINGED KATYDID. 

NATURE AND EXTENT OF INJURY. 

The angular-winged katydid (Miecrocentrum rhombifolum Sauss.) 
somewhat closely resembles the fork-tailed katydid and is closely 
associated with the latter on orange trees in the San Joaquin Valley. 
It is, however, larger than the fork-tailed katydid and may be readily 
distinguished from that insect by its size, broader wings, and m the 
nymph by its hunchbacked appearance. Although responsible for 
a certain amount of injury to orange trees annually, it attacks only 
the foliage and rarely does enough damage to cause alarm. This 
insect has been present in Florida orange groves for years without, 
except in rare cases, causing sufficient damage to attract attention. 
This is also the case in California. The observations of the writers 
indicate that the minor position of the angular-winged katydid as a 
pest is largely due, first, to the high percentage of parasitism suffered 
by the eggs; and, second, to the fact that the insect does not attack 
the fruit. That it might injure the fruit if able to mcrease to the 
point of crowding is quite possible. The insect is also exposed to 
the attacks of various enemies, chiefly birds, because of its large size 
and slowness of movement. The first-instar nymphs feed principally 
if not wholly upon the leaf surface, removing merely a chlorophyll 
layer. Later stages gnaw clear through the leaves, filling them with 
ragged holes, and destroy a larger amount of foliage in proportion 
to their number than does the fork-tailed katydid. The insect has 
never been seen to attack blossoms or fruit. 
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FOOD PLANTS. 

In the San Joaquin Valley orange section the angular-winged 
katydid, like the forked-tailed katydid, confines itself all but exclu- 
sively to orange trees. Its eggs have been found a few times upon 
an undetermined native weed, the latter always growing near orange 
trees. Adults have been found upon grapevines adjoining an orange 
grove, and males have repeatedly been heard loudly stridulating 
in large pepper trees (Schinus molle) about Lindsay, Cal. According 
to Riley’ an allied species, Microcentrum retinerve (Burm.), feeds upon 
a great variety of foliage, including oak, apple, and cherry. 

DISTRIBUTION. 

The angular-winged katydid has apparently about as wide a range 
as Scudderia furcata, having been reported from the New England 
States, Florida, and California. It occurs throughout the central 
California citrus belt with the fork-tailed katydid, though it is not so 
often found because less numerous. 

LIFE HISTORY. 

Tue Eae. 

The egg (Pl. IV, fig. 1) may be described as follows: Length, 5.18 
mm.; breadth, 2.47 mm.; thickness when first deposited, 0.5 mm.; 
thickness just before hatching, 2.2mm. Color light grayish brown; 
elongate ovoid, flat to almost cylindrical] laterally, depending upon 
the degree of development. 

The eggs are glued in double rows along the sides of twigs from 
one-eighth to one-fourth inch in diameter. These selected twigs 
may be inside the leaf shelter of the tree or on the exterior. There 
may be from 3 to 28 or more eggs in a batch, each egg overlapping 
the one above it. The two rows always occur if more than one egg is 
deposited, each egg of one row alternating with an egg in the other 
row. The larger egg groups of this insect, composed of 24 or more 
eggs, each about one-fifth inch long, are decidedly conspicuous. 

INCUBATION PERIOD, 

The average duration of the egg stage is about 225 days. Hggs 
deposited the last of September hatch in about 228 days, while those 
deposited about the middle of October hatch in approximately 212 
days. The time required for incubation thus depends upon the 
time of season deposited, the period of hatching being shorter than 
the period of deposition. Eggs laid from September 20 to Septem- 
ber 30 hatched from May 10 to 15, while those deposited between 
October 20 and 30 hatched from May 15 to 20. 

1 Op. cit., p. 165-161. 
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HATCHING. 

When the ege is ready to hatch, the lateral halves split at their 
juncture along its edge for about one-third the length from the 
upper end, the nymph slowly forcing itself through the opening 
thus made. 

ENEMIES OF THE EGG. 

The greatest natural check to the increase of the angular-winged 
katydid in California is the egg parasite, Anastatus sp., already 
referred to im connection with Scudderia furcata. Anastatus para- 
sitizes a large percentage of all eggs deposited by this msect each 
year. It is quite usual to find large batches of katydid eggs, each 
egg showing the small, circular exit hole of the parasite (Pl. IV, 
fig. 1). It is, m fact, rare to find eggs of this katydid entirely free 
from evidence of parasitism. Anastatus oviposits in the katydid 
eges in September and October, the larva feeding upon the egg 
contents durimg the remainder of the fall and the adult emerging 
the following spring. All reared specimens have emerged between 
March 19 and May 18. It seems probable that 80 per cent or 
more of all eggs deposited by MV. rhombifolium are destroyed by 
this little insect. For example, a lot of eggs collected in widely 
separated locations in the fall of 1911 produced 43 adult Anastatus, 
representing 86 per cent parasitism. Of another lot of 109 eggs 
35 per cent produced living parasites and the remainder failed to 
hatch. 

THE NYMPH. 

DESCRIPTION OF INSTARS. 

The nymph of the angular-wmged katydid may be easily distin- 
guished from that of the fork-tailed katydid by its plump body and 
highly arched back, which gives it a decidedly humpbacked appear- 

Wa ance. ‘The nymphs vary in length 
ve from one-sixth to three-fourths 

vy Oe inch, depending upon the stage 
ye om of development. Their color is 

Ue ee grass-green throughout, including 
: ee the long, threadlike antenne. 
oe : There are six periods of develop- 

‘ Oe A. ment, or instars, which may be 

Fia. 11. _The angular-winged katydid icrocen- described as follows: T-wing atydid ( Microcen E y 

trum thombifolium): First-instar nymph. Furst wnstar (fig. 11).—Measure- 

Slightly over twice natural size. (Original.) ments: Length of body, 4 janpoclae 

length of head (vertex to tip of jaws), 2 mm.; length of pronotum, 
0.72 mm.; length of posterior femur, 4.75 mm.; length of posterior 
tibia, 5 mm.; length of antenna, 16 mm.; subovate, convex along — 
dorsum and nearly flat along ventral surface. Color grass-green, 
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Fig. 1.—E@es OF THE ANGULAR-WINGED KATYDID (MICROCENTRUM RHOMBIFOLIUM), 
SHOWING ExiT HOLES OF THE PARASITE, ANASTATUS SP. TWICE NATURAL SIZE. 

(ORIGINAL. ) 

FiG. 2,—THE ANGULAR-WINGED KATYDID: ADULT MALE. THREE-FOURTHS ENLARGED. 

(ORIGINAL. ) 

THE ANGULAR-WINGED KATYDID. 
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Fic. 1.—A RoW OF SPRAYED ORANGE TREES BEFORE PICKING. [THE TREE IN FORE- 

GROUND REPRESENTATIVE OF ALL SPRAYED TREES.] (ORIGINAL.) 

Fia. 2.—VIEW IN AN EXPERIMENTAL ORCHARD IN CALIFORNIA. (ORIGINAL.) 

CONTROL OF KATYDIDS ON ORANGES. 



KATYDIDS INJURIOUS TO ORANGES IN CALIFORNIA. 17 

with minute black dots in longitudinal rows, forming one crossrow 
upon each abdominal segment near hind margin; legs marked with 
more conspicuous black dots. 

Second instar (fig. 12)—Measurements: Length of body, 6 mm.; 
length of head, 2.4 mm.; length of pronotum, 1.14 mm.; length of 
posterior femur, 5.8 mm.; length 
of posterior tibia, 6mm.; length of 
antenna, 21.96 mm. Shape and 
color of body about as in first instar. 

Third instar (fig. 13).—Measure- 

ments: Length of body, 7.5 mm.; 

Fic. 12.—The angular-winged katydid: Second-in- 

starnymph. Somewhat over twice natural size. nymph. Nearly three times natural size. (Origi- 
(Original. ) nal.) 

length of head, 2.9 mm.; length of pronotum, 1.6 mm.; length of 
posterior femur, 8 mm.; length of posterior tibia, 8 mm.; length 
of antenna, 20.25 mm. Color and shape of body as before, except 
that black spots are less conspicuous. 

Fourth instar (fig. 14) —Measurements: Leagth of body, 10 mm.; 
length of head, 3.75 mm.; length of pronotum, 2.66 mm.; posterior 

femur, 10 mm.; posterior 
tibia, 11 mm.; antenna, 
20mm. General color of 
body light green, merging 
into yellow on sides of ab- 
dominal segments; abdo- 
men white beneath, or 
nearly so. Wing-pads 
sufficiently developed to 
be distinctly recognizable 
as such, hind pair show- 
ing well-developed veins 
and just overlapping first, Kia, 14,—The angular-winged katydid: Yourth-instar nymph. 

Two and one-half times natural size. (Original.) 
abdominal segment; tips 

of wing-pads directed downward and slightly backward. 
hifth imstar (fig. 15).—Measurements: Length of body, 15 mm.; 

length of head, 4.5 mm.; length of pronotum, 4 mm.; posterior 
Or 

femur, 13.25 mm.; posterior tibia, 14.5 mm.; antenna, 29 mm. 



18 BULLETIN 256, U. S. DEPARTMENT OF AGRICULTURE. 

Color about as in preceding instar; body more strongly arched. 
Wing-pads more distinctly veined, their tips directed backward over 
the abdomen, reaching to middle of second segment. 

Fie. 15.—The angular-winged katydid: Fifth-instar nymph. Two and one-half times natural size. 

(Original.) 

Siath instar (fig. 16).—Measurements: Length of body, 17 mm.; 
length of head, 5.7 mm.; length of pronotum, 5 mm.; posterior 
femur, 16.5 mm.; posterior tibia, 17.7 mm.; antenna, 37.4 mm. 
Body strongly arched above, sloping about equally abruptly in both 

: Gqug ss 
tye CLR tee 

A 

Fic. 16.—The angular-winged katydid: Sixth-instarnymph. Almost three times naturalsize. (Original.) 

directions from second abdominal segment; wings projecting upward 
and backward at an angle from abdomen; tips considerably elevated 
above latter. 

Nymphal instars each described from a single specimen shortly after 
molting. 
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DURATION OF INSTARS. 

The average duration of the nymphal instars of the angular-winged 
katydid, as determined from a number of individual rearings, was as 
follows: Instar I, 13.8 days; instar II, 8.6 days; instar III, 9.5 days; 
mstar IV, 10.2 days; instar V, 13.7 days; instar VI, 17.2 days. The 
average duration of the complete nymphal stage is therefore 73 days, 
or about 24 months. Molting is accomplished in about the same 
manner as by the fork-tailed katydid (see pp. 10-11. The nymph 
always eats the greater part of its cast skin after each molt, rejecting 
only the mandibles, claws, and certain hard parts of the head cast. 

THe ADULT. 

GENERAL APPEARANCE. 

The body of the adult is broad and compact, and comparatively 
very wide dorsoventrally (Pl. IV, fig. 2). The humpbacked appear- 
ance so characteristic of the later stages of the nymph is retained, but 
to a lesser degree, owing to the broadly rounded angle of the fore- 
wings. The hind wings extend the full length of the body beyond 
the tip of the abdomen. The color is uniform grass-green over most 
of the body, becoming yellowish green on the ventral surface. The 
insect is fully 2 inches long, the wings measuring, when spread as for 
flight, about 34 inches. 

MATING, 

Mating rarely or never occurs earlier than 18 days after emergence, 
and the period between emergence and the first union of the sexes 
ranges from 18 to 26 days. Coitus is succeeded by the extrusion of 
a small, bilobed mass of albuminous material, which, as in Scudderia 
fureata, may be seen clinging to the abdomen at the base of the 
ovipositor in the female for several hours subsequent thereto. The 
favorite time for mating is at night, when the males are very active 
and may often be heard sending forth a loud and sustained clatter 
for several hours at a time. The stridulating note, once heard, is 
readily recognized, and to trace it to its source will often. disclose both 
male and female katydids, as stridulation appears to be closely con- 
nected with courtship. The stridulating song of an allied species, 
Microcentrum retinerve Burm., has been described by Riley as con- 
sisting of ‘a series of from 25 to 30 raspings, as of a stiff quill drawn 
across a file” at the rate of “about five of these raspings or trills per 
second, all alike, and with equal intervals, * * * the whole 
strongly recalling the slow turning of a child’s rattle.” This deserip- 
tion is equally applicable to ML. rhombifoluum. 

OVIPOSITION AND LENGTH OF ADULT LIFE, 

In captivity females have deposited from 3 to 123 eggs each during 
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the course of life, and in the orchard under normal conditions they 
probably deposit more than the maximum number here given, since 
on one occasion 133 eggs, showing advanced development, were re- 
moved from the ovisac of a female which had not oviposited durmg 
her entire life in captivity. The number of eggs laid at one time 
varied from 3 to 28. The adults live from three to three and one- 
half months, and are present in the orchard almost continuously 
from the middle of August to the middle of November. Adults lived 
in screen cages from 85 to 111 days. j 

SEASONAL History. 

Most of the eggs of this species are deposited during September and 
October, and all eggs secured from females in captivity in 1911 and 

1912 were deposited between September 4 and October 29. The 
eggs hatching the following spring, the nymphs make their appearance 
about the first of May. They reach the maximum abundance be- 
tween May 15 and July 15 and will seldom be seen after the middle of 
August. Adults are most numerous during the period from August 
15 to October 15; they are scarce in November and rare in December, 
finally disappearing entirely in January. 

CONTROL OF KATYDIDS ON ORANGES. 

Several methods have been suggested for the control of katydids on 
oranges, among which the following have been found to be imprac- 
tical: Destroying the nymphs by hand; gathering by hand and 
destroying the eggs; poisoning by the use of trap crops or by poisoned 
baits. It would be extremely difficult, if not impossible, to find any 
large percentage of eggs or nymphs, and the method would certainly 
prove too slow and tedious. The katydids can not be attracted from 
the fruit and foliage of the orange by any crop or bait while such an 
abundance of food so much to their liking is always at hand. Unless 
practically forced to quit the orange tree, they spend their entire lives 
upon the tree on which they are born. 

‘ SPRAYING EXPERIMENTS. 

Spraying with arsenicals is generally considered to be impractical 
for the control of grasshoppers and locusts because of the large dose 
necessary to kill these robust insects and the difficulty of applying 
such a dose evenly and with safety to the trees. These objections 
would doubtless hold with the citrus katydids if the spraying were 
done after the insects had reached an advanced nymphal or the adult 
stage. They do not hold, however, when the trees are properly 
sprayed while the insects are still largely in the first, second, or third 
nymphal instars. 
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PRELIMINARY TESTS WitH ARSENICALS. 

Four groups of 10 Washington navel trees each were sprayed on 
April 15, 1912, for the purpose of determining the maximum strength 
of the different arsenicals that could be used with safety to the trees 
and to compare the adhesive qualities of the insecticides. The 
spraying was done in bright, warm weather and the trees were thor- 
oughly drenched. The test trees were examined on April 19, and 
although covered with tender, new leaves not the slightest trace of 
burning resulted. Subsequent examinations in no case revealed 
burning or damage resulting from the spray application. It was 
later found safe to use considerably stronger solutions of the arseni- 
cals, the maximum strengths of which were (1) arsenite of zinc, 2 

pounds (powdered) per 100 gallons of water, and (2) arsenate of lead, 
8 pounds (dry) per 100 gallons of water. The distribution of the 

arsenicals over the leaf surface after the spray dried did not seem 
entirely satisfactory, especially on the young leaves, whose waxy sur- 
face had caused the water to gather in drops, leaving the poison in 
spots. The addition of lime-sulphur solution to the arsenical sprays 
and the regulation of the nozzles so as to deliver a moderately fine 
spray remedied this objection. 

PLAN OF EXPERIMENTS. 

The principal spraying experiments conducted against the katy- 
dids are outlined in Table II. Each of the sprayed plats consisted of 
two rows of 33 trees each, or 66 trees to the plat. Three pairs of 
rows of trees extending through the midst of the sprayed area and 
the trees adjoiming the sprayed area on the west were left unsprayed 
as checks. (See experimental orchard, Pl. V, fig. 2.) 

Tape Il.—Plan of spraying experiments against citrus katydids, Lindsay, Cal., 1912. 

Insecticides in gallons and 
pounds per 100 gallons of 
water. 

Arsenite | Arsenate 
sulphur | “or zinc, | of lead. 
solution. 

Gallons. | Pounds. | Pounds. 
9 ‘ 
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Plats 1, 2, 4, and 5 received two applications containing lime-sulphur 
and arsenicals and one application of lime-sulphur alone; plats 3 and 6 
received one application containing both lime-sulphur and arsenicals 
and two applications of lime-sulphur alone; plats 7, 8, and 9 received 
only two applications of arsenicals alone. The chief purpose of adding 
lime-sulphur to the sprays was to make them effective against the 
citrus thrips. The third application was directed solely against this 
insect, only two applications of arsenicals being made in any case. 
The applications were timed, also, partly with a view to controlling 
thrips as well as katydids, and the dates of beginning were May 22, 
June 3, and June 24, respectively. 

RESULTS. 

The efficiency of the sprays in killing katydids was determined by 
a comparison of the number of living insects occurring in the sprayed 
and unsprayed blocks some days after spraying was completed. 
Arsenite of zine at the rate of 2 pounds per 100 gallons killed 93.1 
per cent of the fork-tailed katydids and 100 per cent of the angular- 
winged katydids. Arsenate of lead at the rate of 4 pounds per 100 
gallons killed 100 per cent of the insects in each case. 

The results of the season’s spraying work were principally mani- 
fested in three ways: (1) By preventing a complete loss of a certain 
amount of fruit by dropping; (2) by almost complete prevention of 
katydid injury to the mature fruit and the leaves and reduction in 
the amount and severity of thrips injury; and (3) by improvement 
in the amount and vigor of growth of the sprayed over the unsprayed 
trees. 

_ PREVENTION OF DROPPING. 

During July, fruits injured by both katydids and thrips were very 
conspicuous on the unsprayed trees, at once attracting the attention 
when one entered the orchard. While in the orchard on August 9 
the senior writer noted that badly injured outside fruit was decid- 
edly less in evidence on unsprayed trees than had been previously 
the case. The cause of this disappearance of fruit was soon found; 
it had fallen to the ground. By counting all the fruit on and under 
10 unsprayed trees it was found that 18.7 per cent of the crop had | 
fallen from these trees. Examination of the fruit which had fallen, for 
the location of the insect injury, disclosed 62.8 per cent of it full of 
holes, while 83.3 per cent were severely marked by thrips. Many of 
these fruits had been eaten into near the point of attachment to the 
stems. However, much of the dropped fruit during this period was 
caused by thrips injury, the most severe dropping due to katydids 
coming earlier in the season when very small fruits were chewed to 
pieces by these insects. At all events, the 18.7 per cent of dropped 
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fruit at this time was principally due to katydids and thrips. No 
fruits had fallen at this time from sprayed trees, as examination 
of the ground under 15 trees disclosed. 

At picking time it became evident that a much larger saying of 
fruit than that just indicated resulted from spraying. During Octo- 
ber and November all the fruit of ail sprayed plats and checks was 
counted, from which it was found that from 60 to 100 per cent more 
fruit was produced in each of the sprayed plats than in their unsprayed 
checks. (See Pl. V, fig. 1.) The trees of the different plats varied 
greatly in size and condition, however, and it was therefore necessary 
to know how many trees in each plat produced the fruit of that plat. 
By eliminating the stunted, rebudded, and dead trees, resets, and 
blank spaces in each plat it was found that the full-bearing, un- 
sprayed trees matured only 54.2 per cent, or just a little over half 
as Many oranges per tree as the full-bearing trees of the sprayed 
plats. The saving of crop in all sprayed plats taken together due 
solely to spraying was, therefore, practically 100 per cent. A greater 
saving was effected in plats sprayed with lime-sulphur and arsenicals 
mixed than in those sprayed with arsenicals alone, the former pro- 
ducing a little over twice as much and the latter only one and one- 
half times as much fruit per tree as the checks. 

PREVENTION OF INJURY TO MATURED FRUIT. 

The results of the spraying experiments in preventing katydid 
injury to the final crop of fruit were determined by examination, in 
the field at picking time, of all oranges in all plats. For convenience 
of reference these results are shown in Table IIT. 

Tapie III.—fesults of spraying experiments with lime-sulphur and arsenicals in pre- 
venting injury to oranges by katydids, Lindsay, Cal., 1912. 

Sprayed fruit. Unsprayed fruit. 

Insecticides and dilution. Percentage | Percentage | Percentage | Percentage 
of sound of culled of sound of culled 

fruit. fruit. fruit. fruit. 

Plat 1: Arsenite of zinc, 2 pounds; lime-sulphur, 2 gal- 
Ions; per100 gallons Water; 3-2... = 56 ntcc cern erececes ROO SOO R Meetat sere SIR e ALA ee Roe eee ee 

Plat 2: Arsenite of zinc, 3 pounds; lime-sulphur, 2 gal- 
Jons, per.100 gallons WALEr. ... 20-22. cece nnn connec enn 99. 99 0. 01 80.5 |. 19.4 

Plat 3: Arsenite of zinc, 4 pounds; lime-sulphur, 2 gal- 
lons, per 100 gallons W RITES 0 Sane SE eee © See 99. 85 eb 38 Be Mee llivgoieetapeed 

Plat 4: Arsenate of lead, 4 pounds; lime-sulphur, 2 gal- 
lons, per 100 gallons eR EM tie oc i eau. «Rae | 99. 85 14 80.9 19.0 

Plat 5: Arsenate of lead, 6 pounds; lime- sulphur, 2 gal- | 
lons, per 100 gallons water........-..:2-0220-++-- - 99. 86 ae esecb eee Betta agua ate eVotevers 

Plat 6: Arsenate of lead, 8 pounds; lime-sulphur, 2 gal- 
lons, per 100 gallons water..........-.-+-.-- 99.77 . 22 82.3 17.6 

Plat 7: Arsenite of zinc, 2 pounds, per 100 gallons ‘water. 99. 92 07 
Plat 8: _ senite of zine, 3 pound ’ per 100 gallons water. | 99. 92 07 
Plat 9: Arsenate of lea: d, 4 pounds, per 100 gallons water. 99. 84 15 

Average....... 99, 88 saith! 81, 45 18, 55 
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As shown in Table III, two applications of arsenite of zinc, at the 
rate of 2 pounds per 100 gallons plain water (plat 7) or dilute lime- 
sulphur solution (plat 1), gave practically the same results as one 
application at the rate of 4 pounds per 100 gallons (plat 3), being 
sufficient in each case to kill the katydids and insure approximately 
100 per cent sound fruit. Two applications of arsenate of lead, at 
the rate of 4 pounds per 100 gallons plain water (plat 9) or dilute 
lime-sulphur solution (plat 4), were practically as effective as the 

arsenite of zinc and gave just as good results as when used at the 
rate of 8 pounds per 100 gallons with but one application (plat 6). 

The addition of lime-sulphur to the arsenicals, besides being abso- 
lutely essential where it is desired to control both katydids and the 
citrus thrips, increased the adhesive quality of the arsenicals and 
facilitated their even distribution over the leaves and fruit. This 
was especially noted after a shght ram, occurring May 25, when the 
combination sprays appeared to be very little affected. Lime- 
sulphur solution itself without the addition of arsenicals proved 
deterrent to the katydids and measurably reduced the amount of 
injury to the fruit. It also, therefore, appears to have some insec- 
ticidal value against these insects. 

RECOMMENDATIONS. 

On the basis of the foregoing results the writers make the following 
recommendations for the control of katydids on oranges in the San 
Joaquin Valley: 

1. Two applications of arsenite of zinc at the rate of 2 pounds per 
100 gallons of water; or, 

2. Two applications of arsenate of lead at the rate of 4 pounds per 
100 gallons of water. 

The first application should be made, at the latest, immediately 
after most of the petals have fallen; the second application, from 10 
days to 2 weeks after the first. If it seems desirable to spray for 
the citrus thrips also, lime-sulphur should be added to the above at 
the rate of 2 gallons per hundred, and a third application of lme- 
sulphur only, at the same dilution, should be made about two or 
three weeks after the second. 

The cost of spraying will vary somewhat according to size of 
trees, cost of labor, team hire, insecticides, etc., but with ordinarily 
good management will not exceed $5 per acre. 

WASHING™ON : GOVERNMENT PRINTING OFFICH ; 1915. 
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EXPERIMENTS AT LEMON CITY, FLA. 

OILS, TAR PREPARATION, CALCIUM CHLORIDE-CORALLINE ROCK.! 

The second series of experimental bituminous treatments of coral- 
line rock roads in Dade County, Fla., under the direction of the 
United States Office of Public Roads, was installed on Biscayne 
Drive about one-quarter of a mile north of Lemon City. The bitu- 
minous materials used were several barrels of the oils remaining from 
Nortr.—This bulletin reports the results from a number of experiments in dust prevention and road 

preservation conducted by the Office of Public Roads in 1914. The materials used and methods employed 

in the experiments, the several kinds of roads and varying conditions of traffic, and analyses of materials 

and cost data are given, 

! Information regarding a similar serles of experiments constructed at Miami, Vla., in 1913, will be found 

in Bulletin of the United States Department of Agriculture No. 105. 

93652°—Bull. 257—15—1 
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the 1913 experiments at Miami and two water-gas tar products 
donated by the manufacturers for this purpose. The oils had been 
stored without protection from the weather, and were in poor con- 
dition, principally through the presence of water. 

The excellent results obtamed in experiment No. 6 of the original 
series of experiments at Miami could be attributed beyond question 
to the use of screened rock instead of the ‘‘run of the bank” material 
used in the other experiments. Consequently only the screened-rock 
type of construction was followed in these experiments. The rock 
was quarried from the Lemon City pit, which was the nearest source 
of supply. It was comparatively soft and decidedly unsuitable for 
bituminous work of this nature, due to its tendency to crush to pow- 
der when the screened-rock course was even lightly rolled to make it 
conform to cross section. In some portions this created a surface 
condition similar to that existing in experiments 38, 4, and 5 at Miami, 
described in the previous report. This soft quality and the presence 
of a considerable proportion of fine material, which it was found 
impracticable to screen out, made the surface very susceptible to the 
binding effects of ram. 

The “Wenz began at station 0+00 at the north end of the project 
on January 6 and continued intermittently until February 7. 

The general method consisted in scarifying and regrading the old 
surface, after which a course of new screened rock was spread to a 
loose depth of 24 inches. This course was shaped by a very light 
rolling before spreading the bituminous material over it. The excess | 
cf bitumen was absorbed by a covering of sufficient fine white sand 
from near-by pits, and the road was finished by thorough rolling. 

Frequent rains and showers during the work considerably delayed 
its progress and produced surface conditions which prevented the 
best results bemg obtained. It is clearly demonstrated that the 
ereatest difficulty to be overcome in any future large-scale construc- 
tion of bituminous coralline-rock roads is the harmful effect of rams 
on the prepared surface before the application of the bitumen. The 
high cementing power of the rock causes it to bind strongly when 

- wet, unless the dust is entirely removed in the screenmg. ‘The sur- 
face is thus rendered more or less impervious, and the treatment 
becomes in effect only a surface treatment. This difficulty may be 
met by performing such work in the dry season of the year, or by 
keeping at all times the prepared surface work and the bitumimous 
application well together. 

The equipment was the same as that used at Miami, consisting of 
a 10-ton gasoline roller, scarifier, grader, two 1-barrel heating ket- 
tles, and hand- “pouring pots. Analyses of the bituminous materials 
eed are given in the tables following. 
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Tasie 1.—Analyses of asphaltic petroleums used in experiments at Lemon City, Fla. 

Light. | Heavy. 

E-xperi- Experi- 
ment 2. ments i,3. 

SPEED Seay ZIPS? O BS sees oe be aac n SRE ESeeenee aocsee ce nS d oko SoRecEaAeSSeeee 0.860 0. 992 
Flash BRE ee ERS ra eh De oe 5 - 2 5 ee Cea ee 42 105 
2 RSLS (DUES 22-2. Sesbosgess deseoccuseosodsonasesstossecsssuecdocsosandes "Ges 67 145 
WHsgeteh ys idle Gp Go@oitss So Sse ose. ncn Foe sOpeErenn arobtccesoce be cdosedagcmessobes 1152. 4 29.0 
PRISSe MNOUES Ta bil Gas Cy) 20/OTAINS © of cs. k Lica ln} eine esi wersielae per cent. . 27. 53 16. 33 
iilasiaLestOmimesiGHe xo 0p > (LMC) = seas sae anise = ee eee eee emt ee eno = 3 2/ 19’” 2/ 40!" 
Percentage of total bitumen insoluble in 86° B. naphtha_...............-.------ 10. 40 10. 83 
ei GR a0. ooo see see eose ee scopes sons omsueeageegecoscoasasesosecces 5. O1 5. 82 

Soluble in CS:2 (total bitumen) -.-. Beaé 99. 94 99. 94 
Gresmiennap ier mSoluble2 = Ae isha j- seen -- 2 eee Bede -06 04 
TPE ETERS? GARODMNIGES - oor ee seco s Gee GenBeBeoObe> Sho eccoondesougeed - -00 02 

TABI Sos doe ice seem ase oe ead Nae Eo oR ER MEMEG ES OGe kono seSeeseuBeS do 100.00 100.00 

1 At 25° C., 50 c.¢. 2 At 100° C., 100¢.c. 3 Soft, sticky, with slight flow. 

Tasie 2.—Analysis of water-gas tar preparation used in experiments at Lemon City, Fla. 

No. 1. No. 2. 

Specific gravity 25 °/25°C ...... poo pes seosceaseesEdcoos-ssces00¢ 1.084 1.120 
WMaseosthyeenpler LOO .c:) Specine. 55 -\5..---.-\5- sdameieeeeee = 113.3 224.5 
CAN OUI ta ota ealninls (nie Soe aiwinta c micpsin stele na belo wees per cent... 1. 54 1.75 

By vol- By By vol- By 
ume. weight. ume. weight. 

Distillation: 
DURE eee one ole ciginiwiee)=s Pacinos s ese cice eee ee sci per cent... 0.0 0.0 0.0 0.6 
Perse ueniAOUsibOLON Cos. 22 sssce sc. s+ -- 25. cere do.... 3.7 25 31.0 .6 
Second light oils (110°-170° C.) : 41.1 8 3,8 5 
Heavy oils (170°-270° C.) .-. E 334.6 31.1 3 20. 4 17.5 
Heavy oils (270°-315° C.) domes) e141 12.5 613.4 11.7 
PEIN CSIO GM 2 oie ines ar ieialoicla sib Sela =ini == See eae 749.5 55. 0 864.4 69. 6 

SN ese a te tan cae othe nix avisiciaeneis wee < + 2 do. 100.0 99. 9 100.0 99. 9 

1At 25°C 
2 At50°C 
3 Clear. 
4 Cloudy. 
5 led! stigwed 15.0 per cent insoluble in dimethyl sulphate. 
6 Clear, showed 12.5 per cent insoluble in dimethy] sulphate. 
7 Ward, glossy. A 315°-350°C. fraction showed 17.5 per cent, and a 350°-375°C. fraction showed 12.5 per 

cent insoluble in dimethyl sulphate. 
® Hard, glossy. A 315°-350° C. fraction showed 11.25 per cent, and a 350°-375° C. fraction showed 10 per 

cent insoluble in dimethyl] sulphate. 

Experiment No. 1 (Heavy Om—Pernetration Mernop). 

Location: Station 0+-00 to station 04-35.8=35.8 feet. 

Area: 71.6 square yards. 

Method.—lt was attempted to produce a surface similar to that 
of experiment No. 6 at Miami, but with a heavier application of 
bituminous material. The conditions were adverse in the uneven 
texture of the surface caused by crushing under the roller, as men- 
tioned above, and in the low temperature at which the bitumen had 
to be applied on account of its tendency to foam when heated. The 
application, though made evenly, puddled badly and produced, after 
the spreading of the sand, a rough mat. The bitumen was applied 
at an average rate of 1.26 gallons per square yard, and allowed to 
stand for about four hours, when it was covered with sand and rolled, 
This treatment, in general, appeared to be a failure. 
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ExpEeRmMENT No. 2 (Light Om—PENETRATION METHOD). 

Location: Station 0-+35.8 to station 0-++-58.1=22.3 feet. 

Area: 44.6 square yards. 

Method.—This section was intended to be a part of experiment 
No. 1, but owing to the destruction of the barrel markings during 
storage, a kettle of the light oil was heated by mistake and applied 
here at an average rate of 1.12 gallons per square yard. It was 
entirely absorbed during a half hour’s standing, after which it was 
covered with sand and rolled. 

Experiment No. 3 (HEAvy O1—PENETRATION METHOD). 

Location: Station 0-+58.1 to station 1+65.9=107.8 feet. 

Area: 215.6 square yards. 

Method.—The apparent failure of experiment No. 1 necessitated 
a return to substantially the same method as was used in experiment 
No. 6 at Miami, although the poor working conditions did not promise 
equal success. The application of hot bitumen was reduced to an 
average rate of 0.89 gallon per square yard. From station 0+58.1 
to station 1+ 39.0 the actual rate of application was 1.01 gallons per 
square yard. From station 1+39.0 to station 1+ 65.9 rains during 
the previous night had so bound the surface that the rate of applica- 
tion had to be reduced to 0.54 gallon per square yard, and little more 
than a surface treatment was obtained. The sand was applied and 
rolled as usual. 

ExpermmMent No. 4 (WateR-GAas Tarn PREPARATIONS—SURFACE TREATMENT). 

Location: Station 1+65.9 to station 1+95.4=29.5 feet. 

Area: 59 square yards. 

Method.—Owing to the postponement of the work from January 13 
to 29, this section of the road had become completely water bound by 
rains and heavy traffic. The surface was thoroughly swept with 
rattan brooms, and water-gas tar preparation No. 1 applied without 
heating at a rate of 0.25 gallon per square yard and allowed to 
stand for 24 hours. Water-gas tar preparation No. 2 was then 
applied at the rate of 0.42 gallon per square yard and allowed to 
stand for about four hours. By that time it appeared to have reached 
its maximum penetration and was covered with sand and rolled. 
By the use of the light tar preparation applied directly to the surface 
of the rock and followed by the heavier product, it was hoped to 
secure greater adherence of the bituminous surface than had pre- 
viously been obtained in strict surface treatment, and at the same 
time build up a comparatively thick wearing coat. 

EXPERIMENT No.5 (WaTerR-Gas Tar PREPARATION—PENETRATION METHOD). 

Location: Station 1+95.4 to station 3+34.4=139 feet. 

Area: 278 square yards. 

Meihod.—TYhe screened-rock course was constructed as usual, but 

by rescreening the rock the proportion of fine material was consider- 
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ably reduced. Conditions were generally better than in the other 
experiments of the series. The bitumen (water-gas tar preparation 
No. 2) was heated to an average temperature of 90° C., and applied 
at an average rate of 1.08 eallen per square yard, covered with 
sand, and rolled. 

EXPERIMENT No. 6 (Catcrtum CHLORIDE). 

In connection with the foregoing series of bituminous experiments, 
a section of ordinary coralline-rock surface was treated with an 
application of calcium chloride, which is a hygroscopic salt obtained 
as a by-product in the manufacture of soda by the Solvay process. 
No record of the cost of this work was obtained. 

The coralline-rock road is at its best when slightly wet or moist, 
and its rapid wear occurs when dry. It was hoped, therefore, that 
the application of a hygroscopic salt in this area bordering on the 
ocean would have the effect of keeping the surface damp, thus secur- 
ing a serviceable and lasting condition. 

Seyen drums of calcium chloride, each weighing 350 pounds net, 
were furnished by the manufacturer. Five of these drums were 
used, the remaining two being reserved for a second application to 
the center of the roadway when necessary. The section which was 
treated on January 28, 1914, lies immediately north of experiment 
No. 1 and is 590 feet long and 18 feet wide, containing an area of 1,175 
square yards. The rate of application was 1.49 pounds per square 
yard, heavy in the center and light on the extreme sides. The mate- 
rial came from the drums in a lumpy condition and was difficult to 
spread evenly. After several weeks of wear the surface was damp ~ 
at all times, but pitted to some extent, showing bare rock in spots. 

SUMMARY OF EXPERIMENTS AT LEMON CITY, FLA. 

When inspected, on January 16,1915, none of the experiments on 
which bituminous materials were used showed any decided evidence 
of failure. No. 1 appeared to be in slightly better condition than No. 
3, on which the same heated oil had been used. It was fairly smooth, 
hada good cross section, and the bitumen still possessed life. 

Experiment No. 2, where the light oil was used, was in good con- 

dition, but the bitumen had a brownish, dead appearance, and the 
individual rock particles showed throughout the section. 

ixperiment No. 4, which received the double surface treatment, 
showed a fine-grained mosaic surface with a few incipient potholes. 
It had not worn appreciably below the adjacent section. 

ixperiment No. 5 had a perfect mosaic surface, with slight indenta- 
tions around the individual particles of stone. The bitumen had 
become quite hard, and the section should be given a light surface 
treatment at an early date. One depression was noted in this experi- 
ment, on the west side, at the joint about 55 feet from the south end. 
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EXPERIMENTS AT WEST PALM BEACH, FLA. 

OIL, TAR, OFL-ASPHALT, CORALLINE ROCK. 

These experiments, located on the Miami-Quebec highway, about 
2 miles south of West Palm Beach, were constructed in April and 
May, 1914, by Palm Beach County, under the direction of the Office 
of Public Roads. The purpose was to develop a more economical 
and durable road surface than is obtainable by the use of coralline 
rock under ordinary methods of construction. 

There are in this county about 150 miles of hard-surface roads. 
The material used exclusively for this surfacing is a soft, odlitic 
limestone known as coralline rock, or locally as simply ‘‘rock.” 
It is obtained from two pits in Dade County, which borders Palm 
Beach County on the south. One of these pits, located at Fort 
Lauderdale, furnishes a coralline rock which is softer than the average 
and contains a considerable proportion of sand. For ordinary con- 
struction, it has given apparently satisfactory results. The rock 
quarried from the other pit, located at Ojus, is blasted and excavated 
from under water. It is comparatively hard and contains a relatively 
small amount of fine material. It was therefore chosen as the more 
suitable of the two for bituminous construction, and used in the 
experiments. 

The experience gained from the construction of the experiments 
at Miarnit and from their inspection after long usage by traffic 
showed conclusively that the best method of treatment involved 
the use of rock from which the finer particles had been removed to 
provide for uniform penetration of the bitumen. The experiments 
at West Palm Beach were therefore all constructed on this basic 
principle. The general method of construction preparatory to the 
application of the bitumen was, in brief, as follows: 

The preparation of a thoroughly compacted subgrade parallel 
to the finished surface and composed of the rock originally in the 
roadbed; upon this, a course of screened rock with a uniform loose 
depth of 3 inches, lightly compacted to allow a maximum penetration 
of bituminous material. 

The screened rock used was produced at great disadvantage and 
consequently high cost. Furthermore, in addition to screening out 
the material below one-half inch in size, it would have been desirable, 
if practicable, to screen out all above 24 inches. These larger sizes 
had to be picked out by hand by the rakeman on the screen and by 
the spreaders on the road. In any large-scale future work, a small 
crushing plant, elevator, revolving screens, and bins should be 
installed, preferably at the quarry. All rock was spread by shoveling 
back from piles dumped a little in advance of the work. 

! Bulletin of the U. 8. Department of Agriculture No, 105. 
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The sand used, from which roots and grass were removed by the use 
of a 2-inch screen, was a clean, white silica obtained at the roadside. 

Dustless screenings, so-called, were obtained by rescreening on a 
1-inch screen all rock that had passed the $-inch screen. All material 
passing the 4-inch mesh was classed as ‘‘extra fines.” About 33 per 
cent of the rock passed the 4-inch screen, of which one-half was 
recovered on the }-inch screen. There was no appreciable change 
in volume between the pit run and the sereened rock above one-half 
inch. 

It was found necessary to extend the width of the subgrade from 
12 feet to 15 feet on account of the thin depth of the original rock 
outside the former width. This was done by trenching the sides and 
backfilling with sufficient rock to give the required grade. About 15 
per cent of the total cost of the work was expended in this manner. 

EXPERIMENT No. 1 (ReEesmpuaL AsSpHALTIC PETROLEUM—PENETRATION METHOD). 

Location: Station 0-00 to station 1+02=102 feet. 

Area: 170 square yards. 

TABLE 4.—Analysis of residual asphaltic petroleum. 

Speeitic eraiyitys 2p year Cyne eee ye Peel pesnebe ck mayest - eye 0. 989 
Flash: pou tre. o2 5 7 Seen es MEE ee papers eeu sca See Shs: Ons 130 
Burning point. . 25a eee ee sis ah Ramee ee cata vai ie ane LG 155 

Viscosity, Breter, 100ics ceatm00> Ce tspecities e226 22. 4.5 Se ee eee 9.8 

Float test at'32° O.Geume)eaes Pe IS OOP EES OILE OSS Se eS cee 44/7 
Float'testiat 50°@5 (tise): 228 facil ves) POMBE aS, eee. Oe ate 
Loss, 5 hourayat 163° C2 20leramanie ss eee oe an eee percent.. 13.74 
Moat test em residuesat/ 327 Cx (ime) i. 7. eee eee 74 AQ’ 

Eloatitest om residue atio0 > ©s(iame)) so. 6 camer se aie 5 ea pO 

Percentage of total bitumen insoluble in 86° B. naphtha.......-......------ 10. 05 
Fixed carbon 2s: S05 2255, SOR Ge SEP ENS ASK Ea percent... 4.68 

Soluble m:CS> (total ibitumen) 2) seen see eee eee eee eee doz see) e9ae2 
Greante*matternsolubles.<c2o scenes s+ oe See er a eee ae donc . 05 

Inercanic matter-insoluble: sce eee ee ee ee ee doses . 03 

Total se seis ee gee Aes SR, <i eE Sen a tec i Set ae |e ona 100. 00 

Method.—The screened-rock course was lightly rolled to bring the 
surface to a smooth cross section and leave an open surface which 
would allow deep penetration of the bitumen. The rate of applica- 
tion for the penetration course was 1.76 gallons per square yard, at 
an average temperature of 95° C. No excess of bitumen remained 
on the surface, which was then covered with sand and thoroughly 
rolled. Before applying the seal coat all free sand was swept from 
the surface with rattan brooms. The rate of application of the seal 
coat was 0.56 gallon per square yard. A top dressing of sand was 
applied and the surface thoroughly rolled. 

A. From stations, 0+00 to 0+50, the seal-coat application was 
allowed to stand two hours before sanding. 
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B. From stations, 0 + 50to 1+ 02, approaching rains necessitated the 
sanding of the seal coat immediately after application. This caused 
a marked difference in the resulting surface condition of portions A 
and B of the experiment. The mat on the latter contained an 
excess of bitumen, and more sand had to be added from time to time 
until a thick, mushy top was formed. About a month after con- 
struction this mat was removed, heated, and respread to a thickness 
of about one-quarter of an inch. 

The bituminous material used in this experiment was found to 
contain a small percentage of water, probably due to seepage through 
the barrels during transit. In heating, when the temperature reached 
the boilmg point of water, the material foamed so excessively as to 
cause overflowing from the kettles. It was necessary, therefore, to 
apply the oil at a temperature of about 95° C., which was lower than 
desirable for best results and caused the ae of application to be 
greater than necessary. Tt was also found that the top voids, although 
assisting in securing excellent penetration, were too large to assure 
good results when filled with sand dressing. 

ExPERmMENT No. 2 (REFINED Coat TARS—PENETRATION METHOD). 

Location: Station 1+02 to station 1+94=—92 feet. 

Area: 153.3 square yards, 

TABLE 5.—Analyses of refined coal tars. 

Lot No. 2. 

EU OR AVG ie) 7) de Crm clea scinlcincinisisign ice «c='soe0 = saan 1. 288 1. 282 
Float test at 50° C. Cine) Ee Re 22 Gelcles - ade sige c'cins 6 «vs Seer ; 3! 33!" 
LRG SLGIE. Bee EG Ae Ae i Se le eS uP I 28. 30 

By BY By By 
volume. | weight. | volume. | weight. 

Distillation: 
tee nos hatha ia odo aii © «aig pnisininiein'nin'® 0,4 per gent 0.0 0.0 
PUISPHERY OUSTO LILO OLS. cee ete ces cecac see Sau 2.4 Ay 
Second lig SH OURKIROPHL Ol CO.) ener nsnensesscacmclien 2.3 a4 
Heavy oils (170°-270° C.)...... B 84.4 3.4 
Heavy oils (270°-315° C,) 511.4 9.0 
Pitch residue............ 6 83.5 86.8 

MU UB A eR RS ae A Sa ee RD, af A 100. 0 99.8 

1 One-half solid. ’ Cloudy. 6 One-fifth solid. 
2 Solid. 4 One-eighth solid. 6 Ffard, dull, brittle. 

Method.—The rock course was rolled more heavily to reduce the 
voids below the percentage obtaining in experiment No, 1. The 
heavy refined tar, designated as lot No. 1, was then applied at the 
rate of 0.98 gallon per square yard. The average temperature of the 
tar was 175° C. The rock was dry and hot from the sun, the tar 
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flowed readily and, after standing a few minutes, entirely pene- 
trated into the rock course. Sand was then applied and swept into 
the voids. The sand dressing, however, while filling the voids, did 
not incorporate with the bitumen, but remained for the most part 
dry and loose. The individual tar-coated rock particles were left 
projecting and unprotected and would have worn away rapidly 
under traffic. All free sand was therefore swept from the surface, 
and a light coal tar was applied cold at the rate of 0.33 gallon per 
square yard and allowed to stand for about four hours until com- 
pletely absorbed. The surface was then covered with sand and 
thoroughly rolled. The sample of the light tar was lost in shipment, 
and consequently no analysis is given. 

EXPERIMENT No. 3 (REFINED CoaL TAR—PENETRATION METHOD). 

Location: Station 1+94 to station 3+68.8=174.8 feet. 

Area: 291.5 square yards. 

Material: Refined coal tars, analyses of which are given in Table 5. 

Method.—The general nature of this experiment is the same as that 
of the preceding, except for the omission of a second application of 
bituminous material and the use of dustless screenings instead of sand. 
From station 3+25 to the end of the next experiment heavy rains 
had so bonded the rock surface that it had to be harrowed, regraded, 
and rolled in order to provide for suitable penetration. The smooth- 
ness of the original cross section could not be restored, and the surface 
of this portion of the road remains slightly irregular. The applica- 
tion of bituminous material was made at the rate of 1.20 gallons per 
square yard, and was immediately covered with dustless screenings, 
filling the voids and thinly covering the surface, which was then 
thoroughly rolled. The screenings crushed somewhat under the 
roller, but seemed to absorb the bituminous material and form a 
firm, rigid surface. 

Tar of lot No. 1 was used from station 1+ 94 to station 2+ 76. 
From the latter point to the end of the section material from a second 
shipment, designated in Table 5 as lot No. 2, was used. This mate- 
rial did not flow and penetrate as satisfactorily as lot No. 1, even 
when heated to 185° C. 

ExreRIMENT No. 4 (Restmpuat AspHattic PETROLEUM—PENETRATION MeEtTHopD). 

Location: Station 3-+-68.8 to station 5+84=215.2 feet. 

Area: 358.6 square yards. 

TaBLE 6.—Analysis of residual asphaltic petroleum. 

Specihicvoravaty 200/250 Ce eo 2 amie ee Ree es een ee 0. 980 
FASH SO OMNG. oto. cies ee OE Oe | ot RR ec ce ee een eRe 125 

Bum enpornt 22s Gel es eo) 2 NEAR RR SCs 143 

Wascosity,yEmeler al00;ecvatw00° Ca 7speciticseeeeeaa eee ee eee eeee eee 5, 5 
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peneme taco ct O.og ULE C) tc ML Ls. IE RN SOE ee PLO 
eiereee iti ins Gentile) ¢= ye arg= L243 ers CON EE het « Deas 14” 
Merrebants au NGa 2 20eTams: ee a ee WewCenitaas. Ges? 
Here steOETesGue ab ose O. (UIE)... chee eo ses sec oe ese rns 640074 
Men OMrreaie ato ©. (time): . 1: Vereen te se eee 17 467 

Percentage of total bitumen insoluble in 86° B. naphtha........-.......... 9: 37 
parte rier Te OPENNESS GER ECL RSIS Os Se x OL yoni. Je 52 per cent... 4, 64 

SeepresnEC)S) CEOtal bILUIMeN) --.--.... one eee eee donaes= 99ST 
ercermesrnaeter INSOlU ple sie 28). 2 Ye PS Le dozes: . 05 
Reem iatter msolubless. 225 5..). 202. ES Seas Fos. dows . 08 

LT 3 SE Ss ee as 2d. calamari, ek ae doee <5) S007 00 

Method. —The rock course was rolled until firm, after which dust- 
less screenings were scattered lightly over the rock surface, partly 
fillme the larger voids. The rate of application of the bitumen was 
1.39 gallons per square yard at an average temperature of 105° C. 
The bitumen flowed readily and penetrated completely when allowed 
to stand for a sufficient time. Frequent rains during the treatment 
of this section handicapped the performance of the work and at times 
necessitated sanding immediately after the application of the bitumen. 

A. From stations 3+ 68.8 to 5+ 15.5, sand was used as a top dress- 
ing. This section bled profusely and unevenly for about two weeks 
after construction, forming a sand mat of uneven thickness. In those 
areas where there was no bleeding the surface had a light brown color 
and the bitumen seemed to have become somewhat absorbed in the 
rock itself. Traffic was permitted the use of this portion of the 
experiment immediately after construction. 

B. From stations 5+ 15.5 to 5+84, dustless screenings were used 
as top dressing and there was no bleeding over this area. Traffic did 
not use this section until three weeks after construction. 

ExpeRIMENT No. 5 (Or-ASPHALT—PENETRATION METHOD), 

Location: Station 5+84 to station 6+32—48 feet. 

Area: 80 square yards. 

Taste 7.—Analysis of oil-asphalt. 

DM MOTLUNLY D0 (20° Coe oo ove. - - Et et oe so tae See einete 1. 008 

yl a ae: So Oe Doe eee aera LO Sr emis.) 
Fenetration, 25° ©.; 100 prams, 5 seconds. 20.2 ec hate. secs c nese ese Tope meee One 

Boas © hours at 163°"C:)/20 grains: ... See sees AS per cent... . 44 

Peneiation Of TEsUe, AB'abDOVe!. wi: .i2; . ile eb toes « nLeee tae. oaks 7.9 

Percentage of total bitumen insoluble in 86° B. naphtha................... 23. 97 

eS) a ee aay ee S| a ee eee per cent.. 11.06 

Bowie in OS, (total bitumen) oo. Js: .: 5 apenas, eels ist). ocd do.... 99.86 
OR CAL G thls) 11) a ne . n eara do . 10 

MOREA TUACEOE LISOLIDIC . «cn nete nn «2 6:0 ecg Beebe ata n anaes nda .s do 04 

SOLD oe Od BO rn ee ey er a Gone L00R00 
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Method.—The work on the experimental road was discontinued 
from April 16 to May 18, owing to delay in the arrival of the oil 
asphalt. During this time heavy rains had rendered the prepared 
rock surface unfit for penetration work, and it was therefore har- 
rowed, regraded, and rolled to proper condition from station 5+ 84 
to station 8+60. The larger voids were partly filled with dustless 
screenings. The rate of application of bituminous material was 1.75 
gallons per square yard, and the average temperature was 175° C. 
The penetration was not good, owing to the rapid congealing of the 
oil asphalt on a dense surface of this type. The top dressing of dust- 
less screenings was immediately applied in sufficient quantity to fill 
the voids and thinly cover the surface, which was then thoroughly 
rolled. 

EXPERIMENT No. 6 (O11 ASPHALT—PENETRATION METHOD). 

Location: Station 6+32 to station 7+17=85 feet. 

Area: 141.6 square yards. 

Material: Oil asphalt, analysis of which is shown in Table 7. 

Method.—The rock course was compacted with a rather heavy 
rolling. An application of oil asphalt was made at the rate of 1.52 
gallons per square yard and at an average temperature of 185° C. 
This was immediately covered with sand. As in experiment No. 2, 
the sand did not become incorporated with the bitumen, but remained 
to a large extent dry and loose. All free sand was swept entirely 
off the road, and a sand-asphalt mixture was spread upon the penetra- 
tion course. This was composed of 1 cubic foot of roadside sand to 
1 gallon of oul asphalt, both at a temperature of 175° C. The mix- 
ture filled the interstices and formed a wearing surface about one- 
quarter of an inch thick above the topmost particles of the rock. 
It bonded with the lower course both by irregularities in the latter 
and by reason of the melting of the first bituminous coat through 
contact with the hot mixture. 

EXPERIMENT No. 7 (WATER-BounD Macapam). 

Location: Station 7+17 to station 8+60=143 feet. 

Area: 238.3 square yards. 

Method.—As in the previous experiments, the subgrade was pre- 
pared and compacted parallel to the cross section of the finished road, 

and a course of screened rock spread to a uniform depth of 3 inches. 
This was heavily rolled until there was no visible yielding under the 
roller. No material was available from the first screening through 
a }-inch screen. Dustless screenings and dust were therefore mixed 
in equal parts and spread over the surface, after which the roadway 
was flushed with water and thoroughly rolled. 
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One purpose of this experiment was to provide a basis of compari-- 
son between the various bituminous treatments and a well-constructed 
coralline-rock road. Another and more important one was to demon- 
strate, if possible, that the principal defect in the existing roads, 
the rapid development of an uneven surface, could be overcome by 
proper methods of construction. By the method here used a surface 
of uniform strength is secured by reason of the uniform strength of 
the subgrade and the uniform depth and consistency of the screened- 
rock course. Such uniformity can be obtained in no other way, 
apparently, than by screening the rock and following the general 
method of construction used in this experiment. 

In the cost data, which follow, the cost of bituminous materials 
was taken from bid prices for carload lots. 
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SUMMARY OF EXPERIMENTS AT WEST PALM BEACH, FLA. 

These experiments were carefully inspected on January 20, 1915, 
and their general condition reported upon as follows: 

Expervment No. 1.—The surface of this experiment throughout is in 
uniformly good condition. The bitumen is still lively and possesses, 
to a certain extent, its original characteristic odor. The flow of the 
excessive bitumen is noticeable here and there along the side of the 
road, but there are no waves or irregularities that would be apparent 
to traffic. 

Experiment No. 2.—The general character of this experiment is 
about the same as that of No. 1, except for its darker color and the 
fact that the bituminous material has become very hard and brittle. 

Experiment No. 3.—The tar used in this experiment has become 
hard and friable. The excess present in the original construction, 
as well as the top dressing of fine rock, has disappeared. The surface 
has worn almost uniformly to a perfect mosaic or terrazzo appear- 
ance, and the large particles of soft rock now exposed are wearing 
very rapidly. A surface treatment will therefore be applied before 
any serious wear occurs. 

Experiment No. 4. —This section, while it is in good condition naa 
free from any wearing defects, prea a varied appearance. Where 
sand was used there are ailncee which bear a close resemblance te 
experiment No. 1, while other areas show a mosaic appearance due 
to the wearing of the rock in the wearing course. These differences 
are undoubtedly due to the varied weather conditions under which 
the experiment was constructed. 

Where rock screenings were used the surface is much lighter and 
somewhat mottled, and evidently more susceptible to wear than the 
sanded surface. 

Experiment No. 5.—This experiment has a mottled appearance due 
to the fact that the bitumen has bled to the surface and formed a 
mat over some areas, while the rock is exposed to wear in others. 
The bituminous material is still lively. 

Experiment No. 6.—This experiment is reported as having been 
somewhat soft and sticky during the summer of 1914, but at the time 
of this inspection it was in excellent condition and presented a smooth 
surface true to the original cross section. 

Experiment No. 7.—This experiment offers an excellent example of 
the relative wear of water-bound coralline rock as compared with 
the bituminous-bound. The surface is smooth, unbroken, and true 
to cross section, but measurements made where it joins the adjacent 
bituminous-bound section indicate that the water-bound macadam 
has worn down about seven-cighths of an inch below the adjacent 
bituminous-bound section. 

93332°—Bull. 257—15——3 
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The following table shows the results of a traffic census taken be- 
tween 6 in the morning and 12 midnight on three successive days in 
January, 1915. 

TaBLE 9.— Volume and character of traffic over experiments at West Palm Beach, Fla., on 
three successive days in January, 19165. 

Saturday, Sunday, Monday, 
Jan. 23.1 Jan, 24.2 Jan. 25.3 

Aver- 
Vehicles. rere Share Faw aa" | PEPE RINEEE Tie eee 

North- | South- | North-| South-| North- | South-| 44Y- 
bound. | bound. | bound. | bound. | bound. | bound. 

Loaded 1-horse wagoms ....-...-....--.-.-.--. 7 6 2, 1 3 7 8.7 
Unloaded 1-horse wagons 4 4 1 3 7 ‘4 8.7 
Loaded 2-horse wagons. ..-.- 5 2 1 1 5 0 4.7 
Unloaded 2-horse wagons. . . 4 2 0 0 1 4 3.7 
1-horse pleasure vehicles. . - - 3 4 i 2 2 2 4.7 
IMOLOnICyiCleS acm ae= ene e eee ener 15 19 12 10 16 15 29.0 
Moon LUN abDOULSs sae eee eee Eee eee 11 14 0 3 8 14 13.3 
IMOTODALOUTIN ES }CaLS see eee: eee sere eee Pee e ee 127 114 82 84 97 102 | 202.0 
Moadedimo bor ticks. seem eee eee eee eee 1 2 0 0 1 3 aes 
Unloaded motor trucks.-....-..-------------- 1 mae 1 1 3 0 2.3 
IBGE o coocosacosnescScc ose sasoScaos0acen6 101 141 49 65 118 130 201.3 

1 Heavy rain morning and evening; showers all day. 
2 Heavy rain 6 to 7a. m., 12 to 6 p. m.; showers balance of day. 
3 Heavy rain 10 a. m. to i p. m.; showers balance of day. 

SUPPLEMENTARY REPORT OF EXPERIMENTS AT MIAMI, FLA., 1913. 

OIL-CORALLINE ROCK. 

The original report of these experiments will be found in U. S. 
Department of Agriculture Bulletin No. 105. When inspected and 
repaired on January 29, 1914, the surface treatment in experiments 

Nos. 1 and 2 had worn so badly that repairs were out of the question. 
It had broken through in a number of places, exposing the soft under- 
lying rock to excessive wear, and this finally resulted in such a rough 
and objectionable surface that both sections were later scarified, 
regraded, and rolled without further treatment. The remaining 
experimental sections were repaired where necessary by patching all 
holes and breaks in the surface in the following manner: 

The surface was cut away around the seed areas to form ee 
about 4 inches deep, with straight, sharp edges. These were filled 
with a thorough mixture of pit-run rock and the light-oil product, 
with care to use only sufficient oil to coat all the particles. The mix- 
ture was tamped in place in layers about 1 inch thick. The following 
table shows the extent and cost of these repairs: 

TaBLE 10.—Cost of repairs to experiments at Miami, Fla. 

Area of Cost per 
Experiment No. patches Cost. square 

(square yard 
feet). - 

Bea Pais iz ae he paste a oe ae ee 0 $0. 00 $0. 000 
ape te as oe ee NR st APE aR AIG a 5. ci rrr i 3 8 . 002 
(5) inh ks ee ICR SE ee et pe a eR NI cS oka 24 lsh - 013 
Gs daeeebbina MEO SISU ETE Ss cor See tei eae Mae aot nS 0 00 . 000 
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The following report covers the condition of the existing experi- 
ments on January 16, 1915: 

ExpERmMENT No. 3 (PENETRATION MetHop—Hort, Heavy Ort). 

This experiment remains in fairly good condition, although it has 
worn to a somewhat rough and uneven cross section. No breaks have 
occurred, however, and only one worn depression was noted. 

ExPerRmMeEntT No. 4 (PENETRATION MetHop—Cotp, Lieut O1z). 

This experiment continues in fair condition, although it does not 
present as good an appearance as No. 3. A group of small worn 
places were noted just north of the middle of the section. 

ExPerm™eEntT No. 5 (PENETRATION MzetHop—Hort, Heavy O11). 

This is decidedly the poorest of the remaining sections, and appar- 
ently demonstrates the lack of economy in reducing the wearing 
course of rock to less than 24 inches of uncompacted material. Sey- 
enteen worn depressions, ranging from one-half square foot to 2 square 
feet in area were distributed throughout the section, and it was appar- 
ent that they had been brought to grade by filling with coralline rock. 
These will be patched with bituminous material and rock. 

Exrerm™MeEntT No. 6 (PENETRATION Mretnop—Hot, Heavy Om). 

This experiment continues in excellent condition after having been 
under rather heavy traffic for over 18 months, and is a successful 
demonstration of what can be accomplished in this form of construc- 
tion. The bitumen has flowed in a couple of places and is still lively, 
but the cross section is well preserved, and there is no evidence of ex- 
cessive wear. 

SUPPLEMENTARY REPORT OF EXPERIMENTS ON ROCKVILLE PIKE, 
MARYLAND, 1913. 

The original report of these experiments was given in U. 8. Depart- 
ment of Agriculture Bulletin No. 105, and the following information 
covers their history to and including an inspection on February 9, 1915. 

ExreRmeENT No. 1 (Rerivep Coan Tar—Hor Apprication). 

This experiment has shown somewhat marked fraying along the 
edges, and a very noticeable deterioration of a strip along one edge 
for about 400 feet where trees overhang the road. The underlying 
macadam is fast becoming exposed over fairly large areas, and at the 
time of inspection it appeared probable that the restoration of the mat 
will be necessary early in the spring of 1915. One single-track trolley 
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crossing has somewhat increased the surface-repair costs. No re- 
pairs, however, have been large in size. The experiment is in gener- 
ally good condition except for the uniform wear, and it is free from 
holes or weak spots. 

The part of this experiment in Bradley Lane is suffering severely 
by reason of the very heavy traffic in both directions. The frequent 
passing compels practically every vehicle to run off the metal at some 
point, and the continual wear at the edges has reduced the effective 
width and caused damage that can not be satisfactorily repaired short 
of reconstruction. This is an obvious case of the traffic being too 
heavy for a single-line road. 

EXPERIMENT No. 2 (REFINED WaTER-Gas Tar—CoLp APPLICATION). 

In the early summer of 1914 the surface of this experiment began 
to fail so rapidly through numerous breaks in the mat that it became 
practically impossible to prevent total failure by means of patrol 
maintenance. The failureseemed more pronounced over that portion 
of the experiment where gravel had been used, and this is attributed 
to the fact that the gravel was coarser than it should have been. 

Therefore, between June 29 and July 3 a second treatment was 
applied. Refined water-gas tar purchased under the specification for 
the original treatment was used, and the application was made by 
means of an automobile pressure distributor. The tar was brought — 
directly from the stills of the manufacturer and applied at a tempera- 
ture of 150° to 175° F. Clean trap-rock chips and 3-inch gravel were 
used as a covering material, each over the same parts of the experi- 
ment where it had been originally used. The characteristics of the 
bituminous material are given in the following table, and the cost data 
will be found at the end of this supplementary report. 

TaBLE 11.—Analysis of refined water-gas tar. 

Spectiie gravity :25°/25° Css. Sree sear sey eee eae ees ee ial 
Vaiscositys Enpler, 501C ce. atjo0o Oe :s pec tlic eae ease meetin eee 27.0 
Bree carbomes <2 325 shee eS ee ee ore ce per cent.. 0.80 

Distillation: ate. Seene 
Wraiters..fs-e (ob Sodas Suse ease baie ease a percent.. 0.0 0.0 

Hirst light oils to WOOO 25m aoc se o>... eerie eer dois) iat uk 
second lishtoilsi@ilO°=E70 2X9) 2. 2-6 4.2 ees cere ee dont Sb a0 
Heavy oils\(170°-270° Ceo eas 23 3.2 er eee Clee Ai) 2a), 4! 

Heavycoils!(270°=3 15 YMG: an see) 0s ee ae doz sas le Sele 

Pitch :residued... 22k es. feu eek os ee eee ee do: .5 . 2159 0RiGae4 

Mota eee oS. geen ees | Se do. -- A005 OR g929 

This surface is now fully as good, if not better, than at the time of 
original construction. There are two sections of surface, near Nor- 
wood trolley station and south of Edgewood station, where the 

1 Trace solid. 2 One-fourth solid. 3 Fairly hard and glossy. 
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original construction left the road flat and inadequately drained. 
These are now showing the strain of more or less continued dampness 
from underneath. The gravel section of this experiment has a 
markedly better appearance than the trap section. | 

The surface of experiment No. 2 in Bradley Lane is in fairly good 
condition and free from bad holes or depressions. 

EXPERIMENT No. 3 (ASPHALTIC PETROLEUM—COLD APPLICATION).. 

The surface of this experiment also began to fail rapidly during the 
summer of 1914, and the failure seemed most pronounced at first on 

‘the section where rather coarse gravel had been used for a covering 
material. Moreover, during the winter of 1913-14, not only was the 
surface cut through because of culvert repairs, but several rather large 
areas heaved as a result of frost action. This latter damage was due 
to the partial burning out of some of the surfacing bitumen by bonfires 
set along the outer edge of the road. In a few places along the sides 
of the road the surface mat had cracked to some extent. 
A new treatment was therefore applied between September 23 and 

27, im which the same grade and character of oil as that originally 
applied was used. The application was made by permitting the oil 
to run from the bung of the barrel and sweeping it over the surface 
with rattan push brooms. From station 135+ 00 to station 144+00, 
where the original surface was still fairly smooth and intact, the appli- 
cation was at the rate of 0.13 gallon per square yard, while over the 
remainder of the experiment it was at the rate of 0.18 gallon per 
square yard. The average was 0.176 gallon per square yard. The 
application was immediately covered with clean torpedo sand. 

Table No. 12 shows the characteristics of the bituminous material 
used, and the cost data will be found at the end of this supplementary 
report. 

TABLE 12.—Analysis of asphaltic petroleum. 

SRBC IPL ANU LOI Or. o's... 2. - ee Acta REIN Pee oe acco 0. 932 
MERIDIA Ent? teak 2S)... .. . amin itech es ee ED, Blas 35 
MR MTOMNG 2. 22-15. eel) 2). i. - . 2s Sennen merge on ssn SOx 70 
Pm EMrler bO Cc. ab 20° C., specifigteras stone 200d oe v0c cc cont aces 61.9 

Epes) Sipura AtGos C.,- 20. prams... . ... See eau. ee per cent.. 22.94 

MACHU LCALLNC Aude” ©. (time) . ..... cee eae aiocn S55. he clecduene 57587 

RiOaL Lest Of residue at 50° C. (time)... .2peiiecc.sccees ences Mes Seg tae IR We Pye 

Percentage of total bitumen insoluble in 86° B, naphtha.................... 13. 67 

CEUNIOL 5 aitkb Orin ah fa Ddliclaido\sc » aM MENGIE A. Fas bore Lobied percent.. 7.62 

Bamipre rn C6, (total DIMEN). 2... ---- senate soe ne ek cceceecace. do.... 99.90 

ireapromutterinsolubless, ones oti) 5... aR EE, SEU eis dow see . 10 

eporeonio matter insoluble..: <i)... .: -deeeeia til 5 so. cea estado. cnn 00 

LS tee ed ols ork Ce oe oso st RINT Ok wine hoes cote do.... 100. 00 
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At the date of inspection this experiment was in essentially as good 
condition as at the time of construction. The surface was noticeably 
better on the gravel half of the section and had a corky feeling to the 
tread throughout. . In wet weather the surface has become somewhat 
muddy, especially in the bottoms, and this action appears character- 
istic of all the experimental surfaces treated with petroleum products. 

In deducing maintenance costs for this section, proper allowance 
has been made by excluding the cost of subsurface repairs not due to 
failure of the surface treatment. 

EXPERIMENT No. 4 (REesmpuaL ASPHALTIC PETROoLEUM—HotT APpPLicaTIon). 

This experiment presented probably the best appearance of any of 
the original construction at the time of last inspection. During the 
winter of 1913-14 its surface remained practically intact, but in the ~ 
winter of 1914-15 it cracked in a few places and became slightly 
muddy. The muddy condition rapidly disappears in dry weather 
and a smooth leathery surface results. 

The surface has had about the same amount of attention as that of 
experiment No. 1, and will probably not require a general re-treat- 
ment during the coming season. This experiment, together with 
No. 5 and No. 6, all of which were given hot surface treatments, 
required considerable top-dressing during the first warm days of 
spring to stop further bleeding. The surface still has a few humps 
in spots where the distributor leaked at the time of spreading the 
bitumen. Many of these humps have been cut down with a mattock 
or hot shovel, but all are not yet entirely removed, because their 
tendency to bleed and consequent addition of top-dressing tend to 
build them up again. Three or four potholes were noted, and at one 
place on the east side of the road there appears to be a stripped track 
that has developed since the late fall of 1914. This may have been 
a long repair made at the time of construction after an automobile 
ran over the section before top-dressing was spread. Along this strip, 
some 500 or 600 feet in length, and between it and the edge of the 
surface the underlying macadam is generally bare, but is not raveling. 

EXPERIMENT No. 5 (Resipuat AspHauttic PerroLEUM—HotT APPLICATION). 

The surface shows a tendency to crack in cold weather, and in wet 
weather works into a mud more readily than the surface of experi- 
ment No.4. Like experiment No. 4, the surface is soon ironed into a 
smooth, leathery mat when dry weather permits. During the year 
the cost of surface work has been greater than on No. 1 or No. 4. It 
was also slightly higher than on No. 6. The hilltop at the north end 
of the experiment is better than elsewhere, probably on account of 
more thorough subdrainage. Any areas poorly drained are at once 
noticeable through this surface. 
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EXPERIMENT No. 6. (WaTER-GAs TAR PREPARATION—HoT APPLICATION). 

This experiment bled rather freely in the spring and required con- 
siderable top-dressing and repairs, especially on the trap section. 
The surface does not become muddy, although dampness shows 
through along several areas where subdrainage is poor. Most of the 
repairs so far have been due to some little stripping of the bitumen 
that occurred early in the spring before top-dressing could be applied. 
Such repairs have, however, been few, and less bitumen has been 
required than on any of the other experiments. 

ExpPERmMENT No. 7 (AsPHALTIC PETROLEUM—CoLD APPLICATION). 

The surface of this experiment worked into a rather objectionable 
muddy condition as soon as the winter of 1913-14 brought continued 
wet weather and frost. In the spring it ironed out and presented 
a very satisfactory appearance until about September. At this time 
numerous small weaknesses began to develop which, owing to cold 
weather, could not all be repaired before winter. Nevertheless, the 
surface has not become so muddy this winter (1914-15) as last, but 
the mud which is formed is in some spots a lighter brown color, indi- 
cating that the oil is losing its effect. This experiment is expected to 
require re-treatment at the earliest possible time in the spring, and 
may require considerable patching, as indicated by the rapidly increas- 
ing breaks in the surface during the late fall of 1914. 

Tasie 13.— Materials and cost data for renewal treatments of experiments Nos. 2 and 3 

Rockville Pike, Maryland, 1914. 

Experi- 
Experiment No. 2.| ment 

No. 3. 

Torpedo Trap. Gravel. Ema 

RAR hs Pee ore asain Stoic aye cboe con cacciseh one > av ecient ecucbus cum feet. -/4., 330 3, 050 7,400 
ee eee ele olecranon oo > = << -)- ee square yards..|7,216.6 [5,083.4 12,333 
Bituminous material, per square yard........-.-..--.-.+-------- gallons. . . 294 . 294 . 176 
Covering material, per square yard..........---.---e-cosne- eubic yards. . 012 . 012 . 009 

Cost (cents per square yard): | aT) 
Sweeping LC OS AS AR oe OE ee ee 5-3}, See iP Ae Q) () 0. 048 
PAUELIIMILOUIO TIHLOLIAN, 's onic bos ic vin tle co vo oo - cen op pen eee aE sank we cele cn 2.79 2.79 1. 284 
APP eANe DICMIMINOTIS TMSLOLIAl . 2. oc. od 2 = oso Ee cie e sides a acces () (@) . 393 
SECO IMAUIEI OLIN omc eiiws var cdccvesccss- RE 2 SS See 4,39 2. 52 1. 994 
ppresding coveriig misteriale se o053. 2.5.2... ..- Lee oepee oeeeesl lek ihe . 53 58 . 197 

Daihen gee. ed, 771|. 5.84) 3,866 
———eEEEEeeeEeEEE——————E—E———————— a — 

! Automobile distributor used; sweeping and applying included in cost of material. 

A traflic census on the Rockville Pike is taken every 13 days for a 
24-hour period. <A tabulation of the maximum and average of each 
class of traffic for the period between January 1, 1914, and January 1, 
1915, is given in Table 14. 
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TabiE 14.— Volume and character of traffic on Rockville Pike at its intersection with 
Bradley Lane. 

Maximum. Average. 

Vehicle. oe 
f North- | South- | North- | South- 

bouna. | bound. | bound. | bound. 

Loaded i-horse wagon .....------- 25 23 13 13 
Unloaded 1-horse wagon 26 26 12 11 
Loaded 2-horse wagon :-. 2... 522.222. =---- 31 71 13 27 
Unloaded 2-horse wagon 59 14 20 6 
Loaded 4-horse) WagOnss ce oa. See ee ad See os See ee ee ee 4 4 1 1 
Unloaded 4-horse wagon 5 3 1 ; 0 
d=horsespleasureyviehiGl ef eer eee Ge reece = sss Ee eee eee eee 22 24 12 14 
2-horse:pleasune:viehiclee = 3. 5- seek insect ce eci- =e 2 Eee ee eRe eens ete 5 5 1 2 
Rubber-tiredshorsenvienicle=s sae" sae ae ea fa occ Eee eee eer eee 3 2 0 0 
Saddlehorse osc Se se ea soli occa eeiniale ci =» oe eee cee ee see 18 19 5 5 
Motor. Cy cle tse sites sate ete Sete fen eee eee acs oeae eee aeeereee one 39 35 20 18 
Excessively: heavy vehicles sess eee seein <a. silo eee eee eae 12 18 3 4 
Motor:runaboutis22 tig. Seeke-ber sees asece spss s sos dbs eee eee eee eee 98 91 42 42 
Motor tounine. Carve sae cen Se a eeyseleis Seale aiken. cn isle: s soos See eee cite 243 | = 187 96 89 
Woadedsmiotor dray ote sca sesceees Pee soon bee es 3 LAE See eee 24 38 12 16 
‘Unloaded/imotor Grayaeina-pee sce aee eae ese ak eo eee eee eee 29 12 a 5. 

The total cost of maintenance and cost to date of each experiment 
are shown in the following table: 

TABLE 15.— Maintenance cost of erperiments on Rockville Pike, Maryland, to December 
31, 1914. 

| Surface? | Total cost ~~ ; 
inte- | of surface} Surface | Tota 

Ex- Cost! per ince F = 5 e per mainte- | mainte- 
pent| Bituminous material. Pee en roan per snare nance per suanee Ger 
Wot (cents). | Sdvare | yard to | mile for | mile for 

yard Dee. 31, | lyear. 1 year. 
(cents). 1914. 

1913. 
1 | Refined coal tar (hot)-.-.| Sept. 22 6, 105 12. 34 1.58 13.92 | $139.04 $332. 93 
2| Refined water-gas tar 

(Cold) ee See eee Sept. 24 7,380 9. 55 7.56 17.11 665. 28 739. 11 
3 | Asphaltic petroleum 

(Col) sees S555 eee Sept. 30 7, 400 9. 05 6. 00 15. 05 528. 00 576. 26 
4 Residual asphaltic pe- 

troleum (hot)...------ Oct. 15 7,100 11. 28 1.61 12. 89 141. 68 215. 18 
5 IDO peace ahaa csdecrs Nov. 21 6,775 11.30 2. 00 13. 30 176. 00 237. 37° 
6 | Water-gas tar prepara- 

WiiN (NOI) > ssacssacccec Nov. 26 6,325 11.71 1.88 13. 59 165.44 219. 47. 
7 | Asphaltic petroleum 

(cold) Saseeee i eS ee Dec. 5 6, 689 10..03 - 71 10. 74 62. 48 106. 82 

1 Average for trap and gravel. 2 To Dec. 31, 1914. 

SUPPLEMENTARY REPORT OF EXPERIMENTS AT WASHINGTON, 

D. C., 1912. 

TAR PREPARATIONS AND OILS—SURFACE TREATMENT. 

The original report of these experiments was published in Circular 
No. 99 of the Office of Public Roads, and the inspection report for 
the first year was given in U. S. Department of Agriculture Bulletin 
No. 105. The following report gives the extent of the repairs during 
1914 and the condition of the experiments when inspected on March 
11, 1915: : 

All four sections in the summer of 1914 showed considerable wear. 

The surface mat of section No. 1 apparently was becoming somewhat 
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brittle, especially along the sides of the road, although the treatment. 
‘still remained generally intact. Section No. 2 had developed several 
holes of considerable area, but otherwise the surface was in excellent 

condition. Section No. 3 had several small holes, and the surface 
mat was largely worn off. The surface of section No. 4 was smooth 
and regular, but the large stones of the macadam were generally 
showing. ‘The only repair necessary in this section was a water-bound 
patch approximately 6 square yards in area on the northwest side of 
the curve leading toward Twelfth Street, where there is practically 
no traffic. 

In addition to this large patch, others of water-bound macadam 
were placed in sections 2 and 3. The total area of such patches was 
about 11 square yards. : 

The sections were then swept with hand brooms and given.a sur- 
face treatment of the same type of bituminous material as that 
originally used, and covered with a fine torpedo sand. Some bitu- 
minous material had remained from the previous treatment, as fol- 
lows: 130 gallons of residual petroleum for section No. 3, which was 
sufficient to treat the entire section, and 50 gallons of water-gas tar 
preparation, which was used on the south end of section No. 1. 

Application of the bituminous material was accomplished by allow- 
ing it to run from the bungs of the barrels or drums directly upon the 
road and distributing it with push brooms. It was covered imme- 
diately with sand. 

Analyses of additional materials purchased for this work are given 
in the following tables: 

TaBie 15.— Mechanical analysis of sand used in surface treatment at Washington, D. C., 
1914. 

Spa OID ALC SCTCON oe io 5 oo oo cw aie s <a > > seeeeyre #2 are eslae = percent... 11.8 
Passing }-inch screen, retained on 10-mesh sieve..............-.-----.- CD evecare orton Oitl 
Passing 10-mesh sieve, retained on 20-mesh sieve..........2..-.------- dowaerg 79 
Passing 20-mesh sieve, retained on 30-mesh sieve..........-.--.------- dO ease ONS 
Passing 30-mesh sieve, retained on 40-mesh sieve......-.....--.------- don tian l2as 
Passing 40-mesh sieve, retained on 50-mesh sieve.........-..-..--.---- dors SeeOng 
Passing 50-mesh sieve, retained on 80-mesh sieve...........-...------- toy 

Passing 80-mesh sieve, retained on 100-mesh sieve..........--..------- dose a8) i 
Passing 100-mesh sieve, retained on 200-mesh sieve...........--------- COsee ll Sei 

SE CP O-TCSLU BIC Cad oreo ot = oot - - » «oI olan ch» c\e vain 0 0.5) iu a)ny Chases mum a Rete 

DUAR eR 8 tes Pee Be ane ole lo ooo» = p MMMM Pt ate ooo Gin Se omipe e do.... 100.0 

Tasie 16.—Analysis of water-gas lar preparation used on section No. 1. 

Ber Creiiy oP (20 Osis cogs edees > > - emmy ald aes bo RS h MEET. We oe traicle: a. 1. 091 
mencomtr, Papier, 100.c..c. at 60° O,, SpecthiG yin in. cee. oo e's an aia lane ne om viele 18. 4. 
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By vol- By 
Distillation: ‘ume. weight. 

WWBHSie 5 See scocce ss eSe sou ssaecucuccecoae cron sssoues= per cent: 2: 40/1>. 9.1 

Hirst lightoilsito W103 @.=. - 22. 2... - 5) ee ee eee ee dat: 7 nt S6 4 

Second Jreaht ouls| OC SOS 0) eee eee eee dos): Ae .8 

Heavy oils (170°-270° C.).....-.------------.-------------- doz... 1235) “2050 
Heavy oils-(270°-315° C.).-..--.----- 5. 2+ -- 2-2 -- 22+ + dees VAG 
Pitichoresi@wes | i Dearie. S02... Seer Set a do..:. 364.6 68.8 

NOMS oS SC Sco we Ged dee beets 2525 s5oceesonseeese do---> 10020) 9956 

TABLE 17. 7 Analyses of asphaltic petroleums used on sections Nos. 2 and 4, Washington, 
105 Oo, iipile. 

Section Section 
No. 2. No. 4. 

Specific gravity 25°/25° C..-...-------5--- +--+ 2-52 eee eee eee eee 0.957 0.936 

Hkash  woimteeery. 222-2. cesses - |: Sf: fee eee ei Gers 38 30 
IBM OMNIS sa 2 let ea =~ ne eee Pes 70 68 
Wiscositys Hugler. 0 cic. at 20 C:, Specitic ease seen eere ae 104.5 87.5 
Wossomioursyateliba Ose2O Crane: so: -)= 2) ot eee eet per cent.. 26.66 24.01 
Float ‘testion:residueat 822°C: (imme). .<) - Aaa ace SEs ae HAAG? 92 
Mlost test.on, residue at. 50° ©s Gaume) -. 2 eee ee eee 17, 3947 AZ ARS, 
Percentage of total bitumen insoluble in 86° B. naphtha ........... 8.04 13.94 
Tmiiexevel @aloN Gas ac Lon ceee cscs sarcgnaeorcoassncseaseds percent... 4.93 7.10 

Sohrbléun iCS5 Giotal bitumen) 2= 2 See eee ee do.... 99.91 99.89 
Oreanie matter imsoluib) Cos sseeo 2. =. - - . aoe ee eee do.... . 07 -10 

Inorganic matter, insoluble.......-... Se Ae oe een do...- . 02 01 

AN oie) Me else) erie Sc boob at yee aes do.... 100.00 1090. 00 

In the computation of cost data for the renewal surface treatment, 
shown in Table 18, the following unit prices were used: 

Laborer, per 74-hour day. .-..-.-- a ar oe era ee ene Pee i | $1. 75 
Cart; peri —nour Caiy sees e ee ee - 2 eee eee 3. 50 
Sand; per cubicryard, onbworles.2-\-- . - -- ape een See ile eo 1. 64 
Bituminous material (per gallon): 

Section ae icc weieecci ete eee os <> - ene eee ee ere ee . 100 
DECHON 2. cc ees cae See elie Se See) 5212S 2 er Ooo ee . 099 
SectlOMSi ss... 5. Se Se ecie ee e - = eee See seansnoce 223350755225 . 085 
Section 4a... deseo e abe AES ae ese. . a Pe ara I et aL Use pole . 0775. 

TaBLE 18.— Materials andcost data for renewal surface treatments, Department of Agri- 
culture Grounds, Washington, D. C., May 14-20, 1914. 

Quantity of 

Oe areas Cost per square yard (cents). 
yard. 

TD 
us} ’ 3 b 5 o [da 4, 
& ae es a {->) Oo ae 

Bituminous material. Sy eieniaee | 5 |e See ait a 
: e | 28 | cal B | @ fgss|as| 8 

Oo —i— So =e n bo 

ei S ae 08 ae 2 = ae 2a Ei 
° - Ga ro gq Q ct = Ao Sa a ale 
s te fare | q 8 |jSh2|/ a4 
= Pea | cae Esai ee| 2 | 3 
D <q | rp) ea) Q ‘S) a if i =| a 

1 | Water-gas tar preparation _| 1,363) 0.177\0. 0063) 1.770} 1.035) 0.205] 0.000} 0. 479] 0.538] 0.034) 4. 061 
2 Asphaltic petroleum S5eRe 1,095, .137] .0063) 1.36 | 1.033} .234| .192) .330) .287] .085| 3.521 
3 | Residual petroleum....... 706) .184| .0063) 1.565] 1.034) .165} .198| .644| .545} .066} 4.217 
4} Asphaltic petroleum...... 1,321} .145 -0065| . 133) 1.066 :106| .123} .459| .441| .053| 3.381 

1 Clear. 
2 Clear, showed 0.0 per cent insoluble in dimethyl sulphate. 
3 Soft, sticky, semisolid; a 315°-350° C. fraction showed 27.5 per cent, and a 350°-375° C. fraction showed 

382.5 per cent insoluble in dimethyl sulphate. 
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. Section No. 1 (ReriIneD WartER-GAS Tar PREPARATION). 

The first 100 feet of this section from the south end presented a 
markedly different appearance than the remainder, owing to the use 
on this portion of the section of bitummous materials of apparently 
different character for the 1914 treatment. The bituminous material - 
used on this 100 feet was that remaining from the original treatment, 
and yielded a fine-grained, smooth appearance of a yellowish-gray 
color. The remainder of the section was treated with material 
obtamed during the summer of 1914, and the treatment, which had 
at the time of inspection a reddish-brown color, had largely worn 
off in well-defined areas, showing the smooth mosaic surface of the 
original treatment. The section was smooth and had a true crown 
and uniform cross section. 

Section No. 2 (AspHattic PETROLEUM). 

This section, although it had a good crown, had developed several 
small pot-holes, which were rapidly becoming deeper, and along 
the south edge toward the east end of the section the drainage from 
the embankment adjomime the road had evidently been mstrumental 
in causing deterioration of the surface mat. A surface treatment 
will be required the coming season. 

Section No. 3 (Resipuat PETROLEUM). 

The surface treatment applied on this section during the summer 
of 1914, like the previous treatment, has shown a tendency to become 
muddy in wet weather and to shove gradually toward the side of 
the road. At the time of inspection the mat in the traveled way 
was largely worn off. Several small pot-holes were scattered over 
the road, and adjoining. the Thirteenth Street intersection and 
toward Twelfth Street there were several large worn depressions 
which would require extensive patching. In general the road had 
a smooth regular crown and a smooth mealy surface. 

Secrion No. 4 (Aspuautic PerRroLEuM). 

This section had a smooth, hard surface free from waves and an 

especially good crown. Along the middle of the road there was 
evidence of slight and uniform wear over large areas, and the under- 
lying macadam was beginning to show. 

SUPPLEMENTARY REPORT OF EXPERIMENTS AT CHEVY CHASE, MD. 
1912. 

BITUMINOUS CONCRETE, CEMENT CONCRETE, OIL-CEMENT CONCRETE, VITRIFIED 

BRICK, BITUMINOUS SURFACE TREATMENTS ON CONCRETE. 

The original report of these experiments was published in Cir- 
cular No. 99 of the Office of Public Roads and U.S. Department of 
Agriculture Bulletin No. 105. The following report covers the con- 
dition of the experiments when inspected on March 14, 1915. 
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Experiment No. | (Birumrnous CoNncrETE—TOPEKA SPECIFICATION). 

This experiment presents a hard firm surface, with some slight 
indication of waviness. The latter condition is most pronounced in 
the trap-rock section adjacent to the curb. The wear in this pave- 
ment is most evident where the surface is slightly below the top of 
the concrete curb, and in one place this has been broken and a slight 
depression has developed. The trap-rock section has a slightly 
darker color than that i which limestone was used, and the line 
between the two is easily discernible. Two ihtecel cracks were 
noted in the limestone section about 20 and 40 feet, respectively, 
south of its juncture with the trap-rock section. These cracks 
extend from the west curb about half way across the road. A 
small cup-hole was noted in the middle of the road about 60 feet 
north of Bradley Lane. 

EXxpreRIMENT No. 2 (Brrumrnous ConcrEeTE—District or COLUMBIA SPECIFICATION). 

This experiment presents a smooth uniform surface on which the 
seal coat still remains practically intact. Two lateral cracks, both 
beginning at the east curb, were noted near the middle of the section 
in which trap rock was used. One of these extends about one- 
quarter of the distance across the road and the other about one-half 
the distance. 

During the early summer of 1914 expansion in the concrete again 
caused a buckling of the surface at the joint between experiments 
Nos. 2 and 3. The stress developed was sufficient to force out the 
bricks which had been used in providing for this condition previously. 
The bricks were therefore removed, a clean trench was cut out en- 
tirely across the pavement for a width of about 1 foot and filled with 
Portland cement concrete. 

EXPERIMENT No. 3 (CEMENT CONCRETE AND OiL-CEMENT CONCRETE—SURFACES 

TREATED WiTtH BituMINOUS MATERIALS). 

The several sections of this experiment have been permitted to 
wear without repairs, and the condition of the various sections at the 
time of this inspection was noted as follows: 

(A) Refined coal tar.—The surface treatment has worn off in oS 
large areas throughout the entire section. 

(B) Water-gas tar preparation No. 2.—The surface has worn off in 

small areas throughout the entire section, in most cases not exceeding 
1 square foot. This section is in an appreciably better condition 
than No. 1 through its retention of more of the original treatment. 

(C) Fluxed natwe asphalt No. 2.—The bitumen in this section is 
still quite pliable, but the surface treatment has largely worn off over 
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the west half of the section, and there are a number of small worn 
areas in the east half. : 

(D) Fluxed native asphalt No. 2 over water-gas tar preparation 
No. 1.—The surface treatment is almost intact on the north half of 
this section, and the bitumen is still pliable. Over the south half, 
which includes the intersection with Thornapple Street, the surface 
treatment is in general worn off. 

(E) Fluxed native asphalt over native asphalt emulsion.—-The surface 
treatment is about two-thirds worn off this section, and the mat 
appears to be rather brittle. 

(F) Oil asphalt No. 1 over water-gas tar preparation No. 1.—The 
surface treatment is almost entirely gone from this section. 

(G) Refined coal tar.—The surface treatment is worn off to a great 
extent over the entire section. 

(A) Water-gas tar preparation No. 2.—The surface treatment is 
still largely intact, although there are quite a number of small areas 
ranging in size from one-half square foot to 1 square foot where it is 
worn off. The majority of these are west of the center line of the 
roadway. 

(1) Fluxed nate asphalt No. 2.—On the east half of the roadway 
the surface treatment remains in fairly good condition, but the 
bitumen has become hard, and the surface treatment has disappeared 
from more than half of the area west of the center line of the roadway. 

(J) Oil asphalt No. 2.—On the west third of this section, adjacent 
to the gutter, the surface treatment is about one-fourth gone, while 
over the remainder it is practically intact, excepting for one worn 
place about 1 square foot in area. Apparently the bitumen still 
possesses life. 

ExpPerRIMENT No. 4 (Om-CEMENT CONCRETE) AND EXPERIMENT No. 5 (CEMENT 
CONCRETE). 

No particular difference was noted in the relative wear on the two 
classes of concrete. It is, however, interesting to note the difference 
in wear on the section constructed with trap rock on the grade adja- 
cent to the vitrified brick experiment. The west half of the road, 
which carries the heavy traffic coming up the hill, is worn to an 
appreciably greater extent than the east half. The mortar appears 
to have abraded from around the particles of rock, thus yielding a 
much roughened surface. Over the remainder of the concrete ex- 
periment, extending south from the brow of the hill, the wear has 
been quite uniform over the entire surface. The table following 
shows the distance between cracks when measured on March 10, 1915. 
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TABLE 19.—Average and maximum distance between cracks in concrete experiments at 
Chevy Chase, Md., March 10, 1915. 

Character of pavement. : 
i p Average pone 

distanee ncpomien 
| Length. | between ores 

Concrete. Aggregate. eracks. CHIE S. 

Surface coated with bituminous material: Feet. | Feet. Feet. 
Cement ; Gravyele- eee. 67 37 90 

Do aaaeeesS --.----.-| Limestone... . 575 64 139 
Oil-cement Mere | EL VIR es Se ore 370 25 55 

Digit 22. Sage ee ea elle Limestone... - 226 75 77 
Surface exposed: 

Cementy: sa5-cced eer ee peeetehcbae sna ee EEE Gravel.......- 425 Di 63 
DO 2 ee Cee ai sok ae Limestone. - - 625 78 148 

O5,a5:n 5A Foes ee ee ee ec ceebs cae ee eee EETAD Boe: 3555 300 23 50 
Oil-Cement: 5...) east Ae ae sae oi. = Hae ee Gravel. ....--- 260 26 47 

Onee ace ee ee ee RE Re Sa ha ee Limestone - 200 50 84 
Do erat arses ssa sacl sr yes Oe es le aM i AUS (zh oye ee 290 36 60 

As noted in the previous progress report, the relative distances 
between cracks continue greater on sections constructed with a 
limestone aggregate than on those where trap rock or gravel were 
used. 

EXPERIMENT No. 6 (VitRIFIED BRICK). 

An inspection of this experiment showed no appreciable difference 
in wear between the several brands of brick. Three longitudinal 
cracks were noted, as follows: 

In section D, a crack about one-third the length of the section 
and about 6 feet from the west curb. In section F, a crack about 
half the length of the section, beginning at the south end, and about 
6 feet from the east curb. In seetion G, a crack about 6 feet long 
and about the same distance from the east curb as that in section F. 
These cracks are practically straight and so fine that they would 
hardly be distinguished in a casual observation. Their cause has 
not thus far been clearly ascertained. 

A traffic census on this experimental road is taken every 13 days 
for a 24-hour period. A tabulation of the maximum and average 
of each class of traffic for the period between March 1, 1914, and 
March 1, 1915, is given in Table 20. The east side of the road carries 
outgoing traffic and the west side incoming traffic. 
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TasLE 20.— Volume and character of traffic on Conneetieut Avenue north and south of 
Bradley Lane. 

North ci Bradley Lane. South of Bradley Lane. 

Vehicle. Maximum. | Average. Maximum. Average. 

East. We East. | West. | East. | West. | East. | West. 

Loaded 1-horse wagon .....-....-.---- li | 25 4 13 20 18 10 9 
Unloaded 1-horse wagon ......-..--.-- 8 24 3 1 17 20 8 9 
Loaded 2-horse wagon...........-.--- 15 103 6 35 32 96 12 28 
Unloaded 2horse wagon -. : 40 7a 10 19 83 52 25 10 
Loaded {horse wagon. ..-.......--.- 2 5 0 E 5 5 0 1 
Unloaded {horse wagon. --_-_..-.---.. 2 2 0 0 2 1 0 0 
1-horse pleasure vehicle --........---- vi 18 3 8 21 18 8 8 
2-horse pleasure vehicle ---.--.......- 3 3 0 1 20 5 2 1 
Rubber-tired horse vehicle ---........ 1 2 0 0 12 14 1 0 
Si LIST eee 8 12 2 3 15 il 3 4 
Lo UG Gl ee eae 7 42 4 15 39 33 13 11 
Excessively heavy vehicle. -......--- 3 ll 0 1 5 5 1 1 
LU Ye 1 ee a 23 173 Z 54 169 139 60 44 
LTS To 137 308 30 129 454 335 151 7 

eet mrnibnrdray.. --— 2+. -..-4 ‘ 12 47 4 20 31 3+ 19 14 
Unloaded motor dray ----...-....--.- 14 20 2 8 17 19 5 8 

SUPPLEMENTARY REPORT OF EXPERIMENTS AT CHEVY CHASE, MD., 
1911 PROJECT. 

BITUMINOUS CONSTRUCTION AND SURFACE TREATMENT. 

The original reports of these experiments are given in Circulars 
Nos. 98 and 99, Office of Public Roads, and a supplementary report 
in U.S. Department of Agriculture Bulletin No. 105. The following 
report is based upon an inspection made January 28, 1915, after an 
extended period of cold wet weather. 

Section No.1 (ReFmvep Coat TaAR—PENETRATION METHOD). 

In the summer of 1914 the surface presented a well-bound but 
rough appearance and gave evidence of considerable wear on the 
stone of the upper course. Therefore, on August 5 a cold surface 
treatment was applied, using a crude coal tar of the analysis given 
in the following table: 

TaBLe 21.—Analysis of crude coal tar! used in cold surface treatment of section No. 1. 

US Us eb PN ae inn ~- - = - op RE ete is <p Sk oi aeniace = ~- 555 1. 146 
EOE Gt COG. Ga... |... . eee oem en oe 5.0 
eens ok SAL... |... Se Reet es per cent.. 8. 62 

Distillation: mene ree 

Sets oe a Ae le i: le per cent-- 73:5 3.0 

ene hionvorsto LM Us! oo ec... .. . epee eek Soe DOee AROS MDG 

Becoum noht oils: (110°-170° C.)........<caaeeeieeee ee ae oeneen doestaate 5 .O 

meaee Gus (170°-270° ©)... + ---- - - See es ge ae do..-. * 23. 0° 20.0 
SEeEUe CIS (270 -G10 O.). ccc. -+--- - «REE onan ness aos. leo L.'s 

OMNI 82 ici sis chin « oh'bn'- «= > - SR de = oe dp.% 22,557. 2, 62. 4 

Ee ta, ele ee oon Sala Tes ae + oo eet ta 2 wees do.... 100.0 99.7 

1 Thin fluid. ? Ammoniacal. 2 Clear. 4 One-third solid. 6 Hard, fairly dull, brittle. 
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The surface was swept by means of a rotary broom drawn by the 
automobile distributor, which applied the bituminous material. The 
application was immediately covered with 32-inch washed gravel, and 
the road opened to traffic. The bituminous material is charged at the 
rate of 6.6 cents per gallon, and sweeping and applying at 2.5 cents 
per gallon. The cost data for the treatment are given in Table 24. 
When inspected the surface was smooth and hard, with but few 
irregularities. 

Section No. 2 (RerineD CoaL Tar—MopirieD GLADWELL METHOD). 

This section, although presenting a well-bound surface, is irregular 
and shows bicideeable wear, so that a surface treatment ll be neces- 

sary during the coming season. 

Section No. 3 (Ftuxep NativE ASPHALT—PENETRATION METHOD). 

This section continues to present a smooth, well-crowned surface, 
but during the past year the seal coat has worn so that at the present 
time the surface has a mosaic appearance in some areas. ‘There are 
‘a few other areas, especially in the north half of the section, where 
the seal coat is still intact, and no general treatment will be required 
during the coming season. 

Section No. 4 (GrsonitE Or ASPHALT—PENETRATION METHOD). 

This section, although well bound together, has an irregular sur- 
face, especially toward the gutter, so that it is rather rough under 
automobile traffic. In the depressions the stones are generally 
exposed, and probably considerable patching will be necessary in the 
spring. 

Section No. 5 (Om AspHALT—PENETRATION METHOD). 

The appearance of this section has not changed appreciably since 
the last inspection, described in U. 8S. Department of Agriculture 
Bulletin No.105. The surface is uneven, and in a few depressions the 
stone is somewhat loose. No raveling has occurred, however, and 
only minor repairs are now required. 

Secrion No. 6 (Om AsSpHALT—PENETRATION METHOD). 

In general, this section has the same appearance as section No. 5. 
At the north end and on the west side of the trolley tracks the grade 
is 2 to 3 inches lower than that of the adjoining asphaltic concrete 
experiment, and it will be necessary in the spring to bring the sur- 
face to a corresponding grade. 

Section No.7 (A anp B; Om AspHALT—PENETRATION METHOD). 

The appearance of this section is not uniform. A has quite a 
mosaic effect, the northern portion of B has several small breaks 
which will need patching in the near future, and the southern portion 
has developed a few slight irregularities. 
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Section No. 8 (REFINED WareR-Gas Tar PREPARATION—SURFACE TREATMENT). 

The surface presents a very uneven appearance, owing apparently 
to the motion of the surface mat under traffic. A few small chuck 
holes have formed where raveling seems imminent, although in general 
the surface is very well bound. The section will probably require 
some repair and a surface treatment during the coming spring. 

Secrion No. 9 (AspHattic PEeTROLEUM—SURFACE TREATMENT). 

Toward the close of the season of 1914 this section began to give 
evidence of considerable wear. As in previous seasons, deterioration 
became more marked in the third of the road nearest the gutter and 
was most evident over the south half of the section, where an ex- 
ceedingly heavy rain had interrupted the progress of the previous 
surface treatment. Two badly raveled places, each about half a 
square yard in area, and a few smaller depressions were patched by 
the penetration method with new 14-inch limestone and a heavy oil- 
asphalt, rolled with a 10-ton roller, and finished by the application 
of a seal coat of the same bituminous material. Several humps were 
removed by cutting them flush with the surface by means of a mattock. 

Immediately after these repairs had been made, on October 17 and 
19, a surface treatment was applied over the entire section, using the 
same trade product as in the two previous treatments, and a fine 
torpedo sand. The surface was first thoroughly swept with fiber 
hand brooms, and the oil applied by allowing it to run from the bungs 
of the barrels and distributing it with push brooms. The oil was 
immediately covered with sand and the road opened to traffic. The 
bituminous material cost 8 cents per gallon, and the sand cost $2.12 
per cubic yard on the work. 

Table 22 gives an analysis of the bituminous material, and the cost 
of surface treatment is given in Table 24. 

Tasie 22.—Analysis of asphaltic petroleum } used in surface treatment of section No. 9. 

EON AU IL 207,20 ° Os Si... 2. OCR eee ass sateen ss ee 0. 964 

Ck LI ep AA ee ey A ge 2 Ceerara0. 
MEER MISONEM eos Pe ea Shea So oo, « 0 Zn RID eterno zara shove mae) Sch ae Oi teh, 

REE MAaRCOR bY, Pngier 20° CO, 50°C. C.nseepeee tenes scott sft cscs les keneee 113.3 

Poe uOuTA Ab LOS CO. CO OTAMG!... » », -\-- paebieieiatieis co ojvewe2.2,.< per cent.. 26.46 

MaPETeaT OL LCLAUC ~ Atioa- C. (LINC): . . <jommneney tis atts cre cls aie tid dee eal eee 3/ 46/7 

MIGAt Testor reside abvo0s ©: (time)... eRe ee ee ere At2ICG 

Percentage of total bitumen insoluble in 86° B. naphtha...............-... 7.43 
MERU E DOU, ue aie tpi whe io ie oll» . - SER Netra) op bred auc percent... 5.04 

Soubiein ©8,\(total bitunien)ii20). 00) .: Sie eet tk Lk dowas.)) 995.92 

Smranrenater insoluble 22s sss ide sld - 2. SPEAR ~ bye cle Sk GPS ee GOs -tere . 06 

STEAL INL ATIBOLU DLO j=. > sixjent «. asevsiaye pe eRaMe Bis © nictere o\croib .s oyers areveaie GOme.- . 02 

LOURU TLS seb et ATES ee ot SO Ue elo! do.... 100.00 

1 Fairly viscous, sticky fluid, 2Very viscous, sticky fluid; glossy. 
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At the time of inspection the section generally presented a firm 
smooth surface. A few small cup-holes had formed where repairs 
were made before the last surface treatment, and were undoubtedly 
due to a poor distribution of oil asphalt in placing the patches. 

Section No. 10 (REsipuAL PETROLEUM—SuURFACE TREATMENT). 

The development of irregular humps and ruts upon this section, 
noted in U. S. Department of Agriculture Bulletin No. 105, con- 
tinued during the past year, until the surface was in such condition 
that it was deemed advisable to remove the surface mat as far as 
possible and re-treat the entire section. Accordingly the surface mat 
was broken up by means of a 3-ton scarifier, and as much of it re- 
moved as could be easily separated from the macadam stone. The 
old surface was then loosened by scarifying and picking, shaped with 
rakes, and brought to grade by the addition of a thin course of ?-inch 
limestone. After rolling, limestone screenings were scattered over the 
surface just sufficient in quantity to fill the surface voids. The sur- 
face was then thoroughly bonded by sprinkling with water and rolling. 

The following table gives the materials and cost data per square 
yard for the reconstruction of the water-bound macadam surface. 

TABLE 23.— Materials and cost data for reconstruction of section No. 10, Chevy Chase, Md. 

Materials used per square yard: 
13-inch limestone ies an serc 2 = \-\- = + eee Pism See cubic yard.. 0.001 
#-ineh mestoneeasee- renter. c= =, .< 7 eee Te cate cerns Ree eae dos 22. ols 

‘Limestone-screenmmpa: <= -525 0 4.--.:. 5. pens rea ee eee doolt 71 06F 
Cost per square yard: 

1}-Inch dimestone-2s Bea Beit as cee oe Ae ee ee ee cents... 178 
inch limestone escort Ae ee ee ee oa eas do.... 4.060 

TimMesione ScKeeniB ess pera eee ck - .-. - eee ne ete ee In eee do. Aces 
Sweeping Old sutiaces:.cc2 seco... . eee eee he nee dor sae eee 

Removing old! surfacemat..: =2s=— 4. Saas eee oe = ee eens do? e2he ay 
Scarifying, and raking scarified surface............---.--...--.----d0.... 2.674 
Spreading stone: oF. 222. a2. eee. ; a ee eee ee eer do. ol Uae 
Rey TeLTU KH ry ee ss ae cose aoe eee 52 «se ROE a ois eee BiosIne ee do. 2e ua eee 

Rolling esos oe ees. oe ee ea eh en do. 2.979 

POtal co 2o 3 eee oe ee as oa 2 ee ae ee do...-. 16. 629 

On November 3 and 4, after several days’ traffic over the water- 
bound surface, the section was given a cold surface treatment with 
an asphaltic petroleum of the analysis given in Table 22. This was 
covered with washed ?-inch gravel. The bituminous material was 
applied by allowing it to run from the bungs of the barrels directly 
upon the road, which had previously been swept with hand brooms 
to remove loose material. The oil was broomed over the surface 
until no uncoated spots remained, and it was found that considerable 
-breoming was necessary, owing to the fairly large amount of dust 
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stillremaining. The oil was almost immediately covered with gravel, 
and finally the entire section was rolled lightly with an 8-ton tandem 
roller. After several days’ traffic a subsequent light application 
of sand was found necessary to absorb the bituminous material that 
came to the surface. The material and cost data for the surface 
treatment is given in Table 24. 

At the time of inspection the section had passed through a long’ 
spell of unfavorable weather, and its appearance demonstrated that 
the treatment was applied too late in the season. Numerous small 
but deep cup-holes had formed, extending into the water-bound 
macadam, and in general the entire surface had become very muddy. | 
Considerable patching will be necessary at an early date. ; 

Section No. 11 (Native AspHatt Emutsion—MacapaM RESURFACING). 

The section has had no treatment since it was resurfaced, and dur-~ 

ing the past year it has worn very uniformly, so that at the time of 
inspection the large stones were generally exposed over the entire 
surface. There are a few long waves and in a few places the large 
stones have apparently broken under traffic, but otherwise the surface 
is in excellent condition. 

MAINTENANCE DURING THE YEAR 1914. 

In addition to the general re-treatment above described, the patrol 
system of maintenance was continued during the year. Table 25 
presents the total cost of this maintenance and the re-treatments, 
together with the total cost of each experiment to December 31, 1914. 
A traffic census is taken every 13 days for a 24-hour period. A 

tabulation of the maximum and average of each class of traffic for 
the period between March 1, 1914, and March 1, 1915, is given in 
Table 20. The east side of the road carries outgoing traffic and the. 
west side incoming traffic. 

TasLe 24.— Materials and cost data for surface treatment in 1914 of sections 1, 9, and 10 | 
at Chevy Chase, Md., 1911 project. 

| 2 
| Quantity of mate- 
col Hf ) 2 rial per square : Cost per square yard (cents). 

| a yarc 
} er 

Sec- | inous mate- | 8 : = Se Sec- | Bituminous mate- | 6% |7 | 2 = a 2 5 : eae es 
tion rial - 3 .| A a. ta) a} 5 ao elgg? 

No SP lona|s.|s oa |B./ 5 .] & 80a rs 
2eieo8|/ 25] oo) ee lls] eal ws ah 

| 3 |BSel Se | 2 | 28 | se | <2 | 2e Base eE) & > Has | palud Si/relgo@l as leaalagal : ol 
re) S | ,| 3 =| A i] fame] os 

|\@ Ba e-i sg” fapar|g S&S |AEAlanh|! 3 6 
| |A oO a a) oS Rh Oo | 4 aa] ical 

———————————— es ae ee ae : oes eran 
} 

1 } Coal tar, crude. .... | 1,581) 0.316; 0,007]...... 2.088), 1.588).....-|.e..05 10. 791) 0. 625)...... 5.042 
9 | Asphalticpetroleum| 761) .209)... 0. 0085] 1.672]...... 1.811) 0.356} .436] .434]...... 4.709 

: || Bee RN Si hard oh | 1,013) . 476) -O1i} LPs 3.807) 2.328) .419) .339| .548) .571) 0.099) 8.111 

1 Includes cost of sweeping. 
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TaBLE 25.—Surface maintenance of 1911 experiments at Chevy Chase, Md., to December 
oul, iis 

Maintenance cost of experiment. Cost per square yard (cents). 

. Date Area 

ment No ate d Cone Construc-| Mainte ey eted. | yards). = - Pp 1912 1913 1914 Total. ee Agnes! de leu 

1911 
a eS cane oo Oct. 31 1,581 $0. 00 $0. 00 $91. 33 $91. 33 46.18 He 107 51.96 
tee eR co! Kea do 705 - 00 -00 00 77.62 - 000 77. 62 
See Ores Nov. 18 1,555 - 00 00 - 00 - 00 64. 69 - 000 64. 69 
(eee Nov. 8 1,55: : 4.05 1.90 5.95 57.16 - 383 57.54 
Lara neeS Dec. 2 1, 447 260. 26 2.31 . 67 263. 24 58. 27 18. 192 76. 46 
LED has Nov. 23 1,555 - 00 3. 47 - 00 3.47 68. 22 - 223 68. 44 

(Ps teres oe Dec. 5 131 1. 43 00 1.43 59. 96 1.092 61.05 
7B do 848 67. 88 00 1.33 69. 21 54.80 8. 162 62.96 

1912 
Bree ae Aug. 24 URC Nes aa aeee 80. 64 - 00 80. 64 39.59 5. 460 45.05 
OFe Sers a2 Abin Zzb ee — 7G Sos. Seas 39.65 44.78 84. 43 42.01 11.095 53.11 

LOR sce 23a Nov. 22 ROLE Ree Oe 19.05 284. 04 303.09 44.31 29. 920 74. 23 
ese ees Dee. 16 CCA (| Geren -00 - 00 - 00 81.51 - 000 81.51 

SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT JAMAICA, N. Y., 
1911. 

OIL-CEMENT CONCRETE, OIL-ASPHALT, TAR, AND FLUXED NATIVE ASPHALT. 

The original report of these experiments was published in Circular 
No. 98, and reports of annual inspection and repairs may be found 
in Circular No. 99, Office of Public Roads, and in U. S. Depart- 
ment of Agriculture Bulletin No. 105. The following report covers 
the condition of the sections when inspected January 18, 1915. 

EXPERIMENT No. | (Om-CEMENT CONCRETE). 

Tn May, 1914, the Borough of Queens highway department patched 
the bare spots which were reported in the inspection of December, 
1913, with an application of hot, refined coal tar and sand, and the 
addition of ?-inch stone in the deeper holes. The bare spots had 
developed somewhat larger in the section treated with water-gas tar 
products than in that treated with refined coal tar. At the time of 
the mspection the entire section was in very good condition with the 
exception of about 20 small bare spots where the carpet coat had 
worn off. The entire coat seemed to be worn very thin. 

EXPERIMENT No. 2 (Cut-Back Om AspHALT—MrixIne METHOD). 

In May, 1914, the condition of this experiment was a little worse 
than in December, 1913, and in consequence the entire section was 
searified to a depth of 3 inches and about one-third of the soft 
bituminous top mixture was thrown away. The remaining mixture 
was then shaped and lightly rolled to a thickness of about 2 inches, 
after which it was covered with a thin layer of 23-inch stone, thoroughly 
rolled, and opened to traffic. The following day a thin layer of 
trap-rock screenings was rolled in. 
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At the time of the inspection the experiment was again in very bad 
condition, and it appeared to be breaking up throughout its entire 
length. Numerous potholes, extending through the full thickness 
of the road, were forming, and the bituminous material appeared to 
have lost its life. The easterly 50 feet, however, continued in 
somewhat better condition than the remainder of the experiment. 

EXPERIMENT No. 3 (Ftuxep Native ASPHALT—MIxInG METHOD). 

Except where openings have been made for house connections, 
at about stations 5+40, 5+80, and 6+80, this section remains in 
very good condition. The patches placed at the openings are now 
somewhat below the original grade. Along the north side for the 
last 30 feet and for a width of from 3 to 4 feet there are a few waves 
about 3 feet long and 1 inch or less in depth. It is also possible in 
wet weather to notice slight waves, perhaps not over one-sixteenth 
inch in depth, extending entirely across the roadway. These were 
evidently caused by the manner of pouring the seal coat at the time 
of construction. 

ExperIMEeNnT No. 4 (REFINED Coat Tar—Mrxine MeErHop). 

This section is in excellent condition except for the following 
imperfections: The edges on both sides are a little wavy, the waviness 
being more pronounced between stations 8+00 and 8+45 for a width 
of 5 feet on the north edge and between stations 8+45 and 9+00 
on the south edge for a width of about 10 feet. At station 9+54 a 
pothole is forming on the north edge. The seal coat is gone from 
stations 10 +68 to 10 +98 for a width of about 5 feet on the south edge. 
At station 10+90, on the north side, a house connection was made and 
as the work of restoration was not properly done, the pavement at 
this point is not in first-class condition. 

Experiment No. 5 (Cut-Back Om AspHaALT—MIx1na METHOD). 

A rut developed in this section during the winter of 1913-14, and 
this, together with the holes reported in the last inspection report, 
was repaired in May, 1914. The deeper holes were patched with 
14-inch stone and hot refined coal tar, applied by the penetration 
method at the rate of 14 gallons to the square yard. The rut was 
patched with }-inch stone, sand, and hot refined coal tar. 

At the time of inspection the surface of the following portions of the 
experiment was found to be good: An irregular strip through the 
center from 6 to 8 feet in width, the whole intersection opposite 
Hardenbrook Street for a width of about 35 feet, the south side from 
stations 13+00 to 13+23, and the north side from stations 12 +50 

to 13494. Over the remainder of the experiment the seal coat is 
disappearing, and potholes are forming. The whole section is wavy 

> 
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on the edges, particularly the north edge, and there are indications 
that the bituminous material is losing its life. A pothole is forming 
just south of the center and on the west side of a patch at station 

Bice EXPERIMENT No. 6 (Om ASPHALT—PENETRATION METHOD). 

This section continues in good condition, except for the fact that 
the seal coat seems to be wearing, while it is nearly gone on a strip 
about 2 feet wide 8 or 9 feet in from the south side from station 
13+ 94 to station 14+38. The bituminous material of the seal coat 

over this area seems to lack life, and indications are that the strip 
will extend to the eastward. ‘There is a narrow strip south of the 
center where the seal coat has been picked up by the wheels of some 
heavily loaded vehicle. 

ExpreRIMent No. 7 (REFINED CoaL-TAR—PENETRATION METHOD). 

The general condition of this section is good. The surface is very 
satisfactory in the center, but along the sides the seal coat appears 
thin and is gradually disappearmg. There is a bad depression on 
the north side at the junction of experiments Nos. 6 and 7, and three 
potholes were observed to be developing along the south side at 
stations 16+03, 16+15, and 16494, respectively. The patch pre- 
viously made over the conduit across the roadway is in excellent 
condition, but where one was made at station 16+90 near the south 
edge of the roadway the surface is below grade. Other than as 
above noted, the condition of this experiment remains about the 
same as when inspected, in December, 1913, 

EXPERIMENT No. 8 (Fiuxep Native AspHALT—PENETRATION METHOD). 

This section is in about the same condition as reported in U. S. 
Department of Agriculture Bulletin No. 105, with the exception that 
a slight waviness has developed over the entire roadway. This is 
more noticeable at the sides, where the excess of bituminous material 
cused in the original construction has pushed out. 

EXPERIMENT No. 9 (Om AspHALT—PENETRATION METHOD). 

The surface of this experiment is in good condition, with the ex- 
ception of a few spots where the seal coat has been picked up or 
worn off, and these have partially healed over. Some would not be 
noticeable except on a rainy day. From station 19+20 to station 
19+34 the seal coat has been worn off in the center of the road. 
From station 19+34 to the east end of the experiment there is a 
narrow strip where the seal coat was partially stripped off by the 
_wheel of some heavily loaded vehicle. 

There are some wayes on the edges and a small hump on the south 
‘side at about station 18+54. The work done to fill in between this 
section and the wood-block pavement east of the experiment is in 
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very poor condition; the seal coat is gone, and quite a number of 
potholes have been formed, especially on the south side. 

SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEW YORK, 
N. Y., AND RIDGEWOOD, N. J., 1910. 

OIL-CEMENT CONCRETE. 

The original report of these experiments was published in Circular 
No. 94, and the reports of annual inspections appeared in Circulars 
Nos. 98 and 99, Office of Public Roads, and in U. S. Department of 
Agriculture Bulletin No. 105. The following report covers an in- 
spection made in October, 1914. 

EXPERIMENTS aT New York, N. Y. 

This roadway was torn out in its entirety the week of September 
27, 1914. The general condition of the surface of the road had 
gradually deteriorated from the condition shown by the inspection 
reported in December, 1913, and it was decided by the road main- 
tenance department of the Borough of Richmond that the entire 
roadway should be torn up and a new one laid. It has therefore 
been replaced by bituminous concrete on a cement-concrete founda- 
tion. 

EXPERIMENTS AT Ripgewoop, N. J. 

Expervment No. 1.—The oil-cement concrete floor of the bridge over 
Saddle River was covered with a bituminous surfacing, as reported 
in the inspection made in December, 1913. The bituminous-macadam 
surfacing is in first-class condition, and the oil-cement concrete is not 
exposed. 

Experiment No. 2.—The oil-cement concrete floor of the bridge 
over the Hohokus River is apparently in similar condition to that 
reported in December, 1913, excepting for the fact that it is a little 
more worn. The surface is even and smooth and has a rather flat 
cross section. The wear on this bridge floor still continues in the 
center of the roadway, since the sides for a width of from 3 to 4 feet 
from each edge are protected by dirt and leaves. In the center the 
large stones of the aggregate show on the surface, and at the ends of the 
bridge the edges of the concrete are rounded off to meet the surface 
of the adjoining macadam road. 

SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT BOISE, IDAHO, 
1910. 

OIL-GRAVEL MACADAM. 

The original report of this experiment was published in Circular 
No. 94, and reports of annual inspections were given in Circulars 
Nos. 98 and 99, Office of Public Roads, and in U.S. Department of 
Agriculture Bulletin No. 105, The following report covers an inspec- 
tion made on January 2, 1915: 
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The section which was constructed directly under the supervision 
of the Office of Public Roads carries voluminous and heavy suburban 
traffic, both vehicle and motor, and has received no maintenance or 
repairs since its original construction. A new 40-foot steel truss 
bridge was constructed across the slough last October, which resulted 
in unusually heavy additional traffic. For 20 feet on either side of 
the new bridge the macadam has been destroyed. The remainder 
of the experiment now presents an unsatisfactory appearance and is 
very wavy and much worn. ‘There is a series of potholes of various 
sizes and depths, but there is, however, no apparent disintegration. 
The former shoulders have been used as a roadway until they have 
worn through the subgrade and are largely used by lghter traffic 
to avoid jolting. The crown is well maintained, and the penetra- 
tion has been effective in general, with an excess of oil in places. 
The unevenness of wear, as previously noted, has been due primarily 
to a weak and poorly prepared foundation. Wherever the bond is 
broken the contributory cause appears to be large water-worn gravel 
too near the surface, and lack of uniformity in the distribution of 
the bituminous material, which latter permits early raveling. 

SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT AMES, IOWA, 

1910. 

OIL-ASPHALT GRAVEL. 

The original report of this experiment was published in Circular 
No. 94, and reports of annual-inspections were given in Circulars 
Nos. 98 and 99, Office of Public Roads, and in U. S. Department 
of Agriculture Bulletin No. 105. 
When visited on December 19, 1914, there was about 1 inch of 

snow on this road. Scraping this snow from spots revealed about 
one-half inch of oily dust, covering a well-bonded surface. On 
warming bits of bituminous material in the hands it still developed 
a perceptible stickiness. 

It was learned that an attempt was made in August to remove 
certain irregularities on the surface and to raise the center of the 
crown by means of a light two-wheeled single-blade grader. This 
cut away the high smooth places on the surface, leaving the gravelly 
mixture exposed. However, the traffic compacted this surface and 
it bonded again in very good shape. There was and is now some 
roughness perceptible to automobile travel caused by the uneven dis- 
tribution of the material which was brought to the center for the 
purpose of raising the crown. 

Traffic on this road is considerable, although it consists mainly of 
automobiles, carriages, and light wagons, since most of the heavy 

trucking enters the college grounds by another road. 
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SUPPLEMENTARY REPORT CF EXPERIMENTS MADE AT KNOXVIELE, 
TENN., 1916. 

TAR AND OIL PREPARATIONS. 

The original report cf these experiments was published in Circular 
No. 94, and reports of annual inspections are given in Circulars Nos. 
98 and 99, Office of Public Roads, and in U. S. Department of Agri- 
culture Bulletin No. 105. The sections were again inspected Novem- 
ber 18, 1914, and the following report was made: 

The weather had been dry for some time, and the temperature was 
slightly above freezing. No repairs have been made or maintenance 
work done during the past year. , 

Section 1 (REFINED Coat TaR—PENETRATION METHOD). 

This section is worn out, and the only places showing that tar was 
applied are those areas which were repaired a short time after the 
road was constructed. These patches stand out as islands about 2 
inches above the surface of the road. Along each edge of the original 
pavement is a border of the tar mat from 12 to 18 inches in width and 
of varying thickness, caused by bleeding of the tar. Between these 
borders the surface has worn down to the foundation course of stone 
except at the islands referred to. This course of stone is wearing 
unevenly, and save for a few places where the tar penetrated it is 
water-bound macadam. It serves no further useful purpose as an 
experiment and should be rebuilt. 

Section No. 2 (Rerinep Tar PREPARATION—PENETRATION METHOD). 

Between the south end of this section and a street intersection 340 
feet north, the surface is a succession of depressions and holes. About 
300 feet from the south end of the section the tar-treated wearing 
course is continuous across the pavement for a short length, affording 
the first opportunity of studying the cross section of the pavement as 
affected by wear only. From the street intersection northward for 
some distance the surface is in fairly good condition; and although it 
is pitted with depressions of various sizes, there are few holes. In 
the Jast 100 feet there are quite a few holes, especially on the west 
side. This section should be reconstructed. 

Secrion No. 3 (Om-AspHaLtt—PENETRATION MeETHOD), 

Except for a few depressions on the west side, the surface presents 
an excellent appearance. It has worn down to the wearing stone in 
places, resembling a bitumen-bound mosaic, but in no place has it 
lost its character as # bituminous surface, nor is there any evidence of 
raveling. Throughout the traveled portion the cross section is uni- 
formly well preserved. Such bitumen as was dug out with a knife 
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blade was tough and pliable. The section will not require repairs to 
keep it in serviceable condition, but should the other sections be re- 
constructed the depressions im this section ought to be brought to 
grade. 

SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT YOUNGSTOWN, 
OHIO, 1509. 

SLAG, SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARATION, AND SLAG 
AND TAR. 

The original report of these experiments was published in Circular 
No. 92; and reports of annual inspections were given in Circulars Nos. 
94, 98, and 99, Office of Public Roads, and U.S. Department of Agri- 
culture Bulletin No. 105. The following report covers an inspection 
made October 26, 1914, after a period of about 10 days’ rain: 

Sreetion No. 1 (Brast-FurNace Snac). 

A length of approximately 65 feet of this section, beginning at the 
south curb of Mahoning Avenue, has been’surfaced with a bituminous 
paving material and serves as an intersection apron to that avenue. 
Beyond the end of this pavement the section has not been disturbed, 
and it is in generally good condition. The ruts have become well de- 
fined, but they are shallow and wide, except for three depressions 
about 30 inches long in the west rut. In these depressions the binder 
has disappeared from the surface interstices of the stone of the wear- 
ing course, but the stones do not appear to have been loosened. The 
surface is otherwise smooth, uniformly worn, and free from large 
protruding stones. 

Section No. 2 (Brast-FuRNAcE Stace AND Live). 

Wide shaliow ruts extend the entire length of the section, and a 
few large stones about 3 inches in diameter protrude about one-half 
inch above the general surface. Aside from these, the section has a 
clean-cut appearance and does not appear badly worn. 

Section No. 3 (Brast-FurNAcE Stag AND WASTE SULPHITE LiquoR PREPARATION). 

The ruts referred to in the two preceding sections contmue un- 
broken to the top of the slight grade near the middle of section No. 
3, and there is no noteworthy difference in appearance between this 
and the preceding section. About the same number of large pieces 
of slag protrude from a unit of area, and there is no visible difference 
in wear. From the middle of the section down the grade to the be- 
ginning of section No. 4, neither the ruts nor the protruding stone 

are as pronounced as in the north half of the section. 
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Section No. 4 (Buast-FuRNACE SitAG AND REFINED CoKE-OVEN Tar). 

The middle third of this section has settled very unevenly. Sand 
and slag chips have lodged in the depressions, from several of which 
the tar has entirely disappeared; in others, the pavement itself is 
disintegrating. The tar is hard and ‘dead,’ and the stone and tar 
can be separated under heel pressure. The ridges between the de- 
pressions are cracking. | 

While not as uneven as the middle third, the two end thirds are 
beginning to fail. The surface is so full of irregularities that riding 
over it is uncomfortable. In no place does the surface seem to have 
failed, but the tar is dry and lusterless and can be readily separated 
from the stone. 

Section No. 5 (Buast-FuRNAcE Srae). 

Section No. 5 is still about 14 inches below section No. 4 at their 
junction. The northern two-thirds of this section is on a grade in 
a cut which shows evidence of seepage water. The surface of the 
road is rutted wider and deeper over this part of the section than 
over any other part of the experiments. However, there is no indi- 
cation of failure of the pavement through raveling in the ruts. The 
south one-third of the section has a very satisfactory appearance; 
the ruts are not more than one-fourth inch deep, and the surface 
has a smooth, evenly worn, and uniform appearance. 

Ssection No. 6 (Biast-FuRNAcE SLaAaq). 

This section is wearing down into wide deep ruts. While in 
general the east rut is more pronounced than the west, there are 
several elongated depressions in the latter which have been swept 
clean of their binder and look as though they would ravel when dry. 
There are also three small spots in the section that seem to be the 
result of settlement rather than wear. The entire surface is mottled 
with large stone about 3 inches in diameter, protruding above the 
general surface. 

Section No. 7 (Buast-FurNAcE SuAG AND OpEN-HeEarts SrAc). 

Some time during the summer, section No. 7 was swept clean of 
its screenings and dust, apparently in preparation for a surface treat- 
ment. In spite of this, there is no evidence of raveling. The whole 
section shows wide shallow ruts, with the large pieces of slag pro- 
truding. On the fill, from 100 to 200 feet from the south end of 
the section, the west rut is between 2 and 3 inches deep, and the 
depression over the culvert at the north end of the fill is a menace to 
traffic. 

About 50 feet of the south end of the section was given a surface 
treatment of asphaltic oil during the summer when Price Road was 
treated. The treatment has worn uniformly. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT NEWTON, 
MASS., 1908. 

ASPHALTIC PREPARATIONS, TAR PREPARATIONS, RESIDUAL OIL, AND MOLASSES- 
OIL-LIME. 

The original report of these experiments was published in Circu- 
lar No. 90, and reports of annual inspections were given in Circulars 
Nos. 92, 94, 98, and $9, Office of Public Roads, and in U. S. Depart- 
ment of Agriculture Bulletin No. 105. No repairs have been made 
during ane. past year, and the followmg report covers an inspection 
made on October 5, 1914. 

$ 

EXPERIMENTS Nos. 1, 2,3, 4, 5, 6, AND 7 (ASPHALTIC PREPARATION—MIxiING Meruop), 

The first four of these sections, which have been reported as 
badly worn and in need of resurfacing, have continued to deteriorate 
so that almost none of the original surfacing shows. All of these 
sections are badly rutted and full of holes, with the exception of one 
piece of road, about 30 feet in length, at or near the beginning of 
experiment No. 3. This is in practically perfect condition for the 
‘entire width of the roadway. 
_ Experiment No. 5 in its entirety is now in about the same condition 
as the first four experiments and is in need of resurfacing. ? 

Experiment No. 6 continues to be in very good condition. 
Experiment No. 7 contains about 20 places varying from depres- 

‘sions to holes, with about 14 holes which vary from 6 inches in diame- 
ter to an area of 4 square feet. It is evidently deteriorating rapidly 
through the “cupping” action. The three holes reported in Circular 
No. 99 as needing patching now show only traces of the binder, but 
there is a good mechanical bond in the foundation stone. 

_Exprrmient No. 8 Cisiepep Perroreum—Mrxine Merson). 

2 The en email holes which were reported in U. S. Department of 
Agriculture Bulletin No. 105 have developed so that they vary from 
6 inches in diameter to an area of 2squarefeet. On this section there 
are indications of rutting and raveling near each quarter-point. The 
section should be patched and surface-treated if further deterioration 
is to be prevented, otherwise it seems probable that an inspection next 
year will show that it will need resurfacing. At the westerly side ef 
Langdon Street there is evidence of a trench having been dug acros 
the entire roadway im order to supply a fire hydrant, and the old 
material has been thrown back without any attempt at surface 
patching. 

EXPERIMENTS Nos. 9 AND 10 (RerineD WaTeR-GAs Tar—Mrxine METHop). 

These experiments appeared to be in practically as perfect condition 
as reported in U. S, abe ae of Agriculture Bulletin No. 105. 
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SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT GARDEN CITY, 
DODGE CITY, BUCKLIN, AND FORD, KANS., 1908. 

SAND-CLAY. 

The original report of these experiments was published in Circular 
No. 90, and reports of annual inspections are given in Circulars Nos. 
92, 94, 98, and 99, Office of Public Roads, and in U. S. Department 
of Agriculture Bulletin No. 105. The following are reports of 
inspections made in 1914: 

EXPERIMENT AT GARDEN CITY. 

This road was inspected November 10, 1914, and wheat hauling 

with 4-horse teams was in progress at that time. There had been 
practically no rain since June, but the road had not deteriorated 
seriously. 

There are no unrepaired holes. On the day of inspection 12 small 
holes and depressions were filled with fresh clay. There are five 
depressions varying from 2 feet square to 5 feet square which should 
be filled with clay before they are cut through. 

The entire section has gradually flattened and should be reshaped. 
There are long wide ruts from one-half to three-fourths inch deep 
and the entire surface is finely pitted. It is not so rough, however, 
as to make riding uncomfortable. 

The road is being maintained by dragging and by filling worn 
places-in the manner indicated. 

EXPERIMENTS AT DopGE Crirty. 

This road was inspected November 10, 1914. There had been no 
rain in this vicinity for some time and the soil was very dry. Wheat 
was being hauled to market, and the road was in such poor condition 

that the traffic from a large territory used a roadway 1 mile east of 
this. 

About two-fifths of the sand-clay surface was broken through, and 
the sand from below had come to the surface. The failure had 
taken place over irregular areas. In some places it was confined to 
the rut or to the middle half of the road. There were occasional 
stretches 30 or 40 feet long that were in excellent condition., Con- 
sequently, the surface was so irregular and so deeply cut that traffic 
was confined to the ditches entirely. 

The failure was no doubt largely due to the fact that the road had 
not been properly dragged after the heavy spring rains, and the weak 
places developed at that time were worn through by the heavy 
traffic during the long drought of the ensuing summer and autumn. 

The road is now beyond repair, and reconstruction is necessary. 



A4. BULLETIN 257, U. S. DEPARTMENT OF AGRICULTURE. 

EXPERIMENT AT BUCKLIN. 

This road was inspected November 11, 1914, when wheat hauling 
had begun. 

The cross section of the road had gradually flattened, and two 
wide ruts (12 inches wide by 1 inch deep) had formed throughout 

its entire length. There were numerous places where the surface 
had begun to fail in the ruts, but only a few where the sand-clay 
surface had entirely cut through. The largest of the latter were in 
the immediate approach to the bridge. There were about 25 de- 
pressions and 5 holes.through the surface. 

Outside the ruts a slight ridge had formed, the outer edges of 
which were overgrown with grass. The ditches were covered with 
a heavy growth of grass, but were well defined and open. 

The depressions and holes should be filled with clay, and the road 
should be reshaped with a grader to prevent the formation of second- 
ary ditches inside the existing ones. 

EXPERIMENT AT Forp. 

This road was inspected November 11, 1914. It was generally in 
good condition except within 100 feet of the bridge, where there 
were three holes cut through the sand-clay surface. In the remainder 
of the road there were several depressions which should be filled 
with fresh clay before dragging the road. There were two ruts 
extending the entire length of the road, which were about 12 inches 
wide and 1 inch deep. The ditches were well defined, and the road- 
‘way would be in excellent condition if it were dragged and repairs 
made at the places noted. 

SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT BOWLING 
GREEN, KY., 1907. 

_ KENTUCKY ROCK ASPHALT. 

The original report of this experiment was published in Circular 
No. 89, and reports of annual inspections are given in Circulars Nos. 
90, 92, 94, 98, and 99, Office of Public Roads, and in U. 8S. Depart- 
ment of Agriculture Bulletin No. 105. The inspection on which the 
following report is based was made on November 5, 1914. 

The experiment has had no maintenance whatever, and owing to 
the accumulation of dirt on the surface it was impossible to make a 
thorough inspection. Such information as could be gained by clean- 
ing the surface in places and digging imto depressions seemed to in- 
dicate that the condition was not greatly changed since the last in- 
spection. ‘There are numerous holes throughout the west end, but 
the relative number decreases as the east end is approached. In 
many of these holes the rock asphalt has practically disappeared, 
and the remaining stones are loose. In areas where the rock asphalt 
has not failed the surface remains quite smooth. 

O 



UNITED STATES DEPARTMENT OF AGRICULTURE 

BULLETIN No. 258 Wz 
Contribution from the Office of Experiment Stations =a 

A. C. TRUE, Director 

Washington, D. C. VY July 13, 1915. 

LESSONS IN ELEMENTARY AGRICULTURE FOR 
ALABAMA SCHOOLS. 

OUTLINED BY MONTHS. 

By EH. A. Mrcter, Specialist in Agricultural Hiducation. 

CONTENTS. 

Page Page. 

OCC OM oa ee 1 | Samay Se ee eS ee Se ae 20 

SEG iG 2) a P4i( INADA He 23 

Gigimsperp= es 2s oe ee 6: | iy Mia chia si os See ee ae 20 

VIDIO) Sa 51:55 A me Se EL 3 

DitvesMibieii= eo 2 2h is oI ee 16 

INTRODUCTION, 

The fact that many States now require the teaching of agriculture 
in the elementary grades makes it important that much attention be 
given to the subject matter. This bulletin presents lessons in agricul- 
ture adapted to the conditions in Alabama. The purpose is to suggest 
a plan by which the States may adapt instruction in agriculture to 
local needs. The selecting of a particular State in this instance has 
been made to show the manner in which such a plan may be definitely 
worked out. Although the department does not contemplate issuing 
publications of this kind for other States, it stands ready to co- 
operate in making studies as to agricultural and school conditions and 
in outlining courses adapted to the conditions. 
A monthly sequence plan is followed in the presentation of these 

lesson topics, the purpose being to teach principles at the season 
when they are or should be practiced. Only the salient features of 

each lesson topic are outlined in this publication, but specific refer- 
ences are made to the State adopted textbook in agriculture and to 

1 Prepared under the direction of C, 11. Lane, Chief Spectalist in Agricultural Iducation, 

Office of Experiment Stations, United States Department of Agriculture, in cooperation. 

with the Alabama Volytechnic Institute, C. C. Thach, president, Auburn, Ala, 

Nore.—This bulletin is prepared especially for the use of rural school teachers in Ala- 

bama. 

93333°—Bull, 258—15——1 
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bulletins of the Alabama Polytechnic Institute, Auburn, Ala., and 
to Farmers’ Bulletins of the United States Department of Agricul- 
ture, Washington, D. C. The references are made for two purposes, 
namely, to supplement the textbook material and to provide a reading 
course for the teacher. Any teacher who secures these bulletins and 
studies them carefully will have completed a good elementary course 
in agriculture. It is suggested that agriculture and some other sub- 

ject such as physiology be alternated throughout the school year. 
Two lessons a week for eight months are necessary to complete the 
work in agriculture. If the school year is shorter, it will be neces- 
sary to have three lessons a week to complete the course. 

Practical exercises are suggested In connection with each lesson. 
If this course is to be made most effective, however, the practical 
work should take the direction very largely of club activities or home 
projects. 

The correlation exercises in connection with each lesson are in- 
tended to be suggestive. The teacher should vitalize the other public- 
school subjects by utilizing things most familiar to the pupils, such 
as farm, home, and school-life facts and incidents. It is understood 
that the correlation suggestions are not necessarily a part of the 
lesson in connection with which they appear, but are to give local 
coloring to the other subjects. 

SEPTEMBER. 

LESSON ONE. 

SUBJECT: SOIL. TOPIC: WINTER COVER CROPS. 

Importance.—During the summer and early fall the plant life in 
the soil makes available much valuable plant food. Unless this is 
conserved the weathering agencies leach it out and wash it away 
during the winter months. 

Kinds of cover crops.—(1) Small grains, such as rye, barley, wheat, 
and oats; (2) legumes, such as crimson clover, bur clover, and vetch. 
Seeding.—Such crops are seeded while other crops are occupying 

the ground, hence the necessity of hand sowing or using a one-horse 
drill. 

Class assignment.—Duggar’s,| pp. 86-92. Teachers supplement 
this lesson with notes from Farmers’ Buls.? 326, 427, and 507; Ala- 
bama Experiment Station Buls. 147 and 165. 

Practical exercises—Study roots of leguminous plants and compare 
them with the roots of nonleguminous plants. Note the tubercles. 

1 Duggar’s Agriculture for Southern Schools. 

2Warmers’ Bulletins may be had, as long as available, by writing to the United States 

Department of Agriculture, Washington, D. C, 
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Of what value are they? Club members should sow cover crops on 
plats. 

Correlations—Language and drawing: Make drawing and describe 
a leguminous plant, including roots with tubercles, stem, leaves, and 
seed pods. History: Read “Alfalfa,” p. 229, Farm Life Reader, 
Book Five. 

LESSON TWO. 

SUBJECT: CROPS. TOPIC: SEED-CORN SELECTION. 

Select in the field stalks that have surpassed their neighbors 
under average conditions as to distance and soil fertility; that are 
thrifty, of average height, strong, and tapering; that have strong 
brace roots and an abundance of leaves; that have at least two good 
ears at a medium height, possessing moderately long shanks, close- 

fitting husks, and well-covered tips. 
Mark ears that are 8 to 10 inches long, with an average circumfer- 

ence three-fourths of the length of the ear; that have medium-sized 
cobs, straight rows of kernels extending to the tips and butts; and 
that have long, wedge-shaped, firmly set kernels true to type as to 
denting and color. 

Storing seed—tLater, when seed is mature, gather and store out 
of reach of small animals. If necessary, fumigate for weevils or 
grain moths. 

Class assignment.—Duggar’s, pp. 129-185. Teachers should sup- 
plement the lesson with notes from Farmers’ Buls. 313, 415, 537, and 
617. 

Practical exercises —Teacher should accompany pupils to near-by 
field and give them practice in selecting proper stalks and marking 

ears. Club members should select seed for the next crop. 
Correlations —Language: Write an account of the field trip. 

Drawing: Ideal and improper ears, ideal and ill-shaped grains fur- 
nish drawing material. History: Study the development of the 
corn-club movement. Organize a school club. Get extension litera- 

ture from the Alabama Polytechnic Institute, Auburn, Ala. Arith- 
metic: Collect community data on increased yields due to seed selec- 
tion and develop problems adapted to the needs of the pupils. 

LESSON THREE. 

SUBJECT: POULTRY. TOPIC: TYPES AND BREEDS. 

Class assignment.—Duggar’s, pp. 310-313. Teacher should sup- 
plement the lesson with notes from Farmers’ Buls. 51 and 528. 

Practical work.—Make a poultry survey of the community, ascer- 

taining and tabulating the different types and breeds. Secure the 
help of the members of the class and other pupils. 
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Correlations Language: Tabulating the facts with reference to 
the poultry of the community furnishes language material. Draw- 
ing: Make sketches of feathers from different parts of the body of 
an individual of each breed studied. Arithmetic: Develop problems 
on the value of the poultry of the community as indicated by the 
survey. 

LESSON FOUR. 

SUBJECT: SOILS. TOPIC: MOISTURE. 

Kinds of moisture.—Free, capillary. Each defined. Movements 
of each kind. 

Effects of moisture on breaking land, subsoil plowing, preparing 
seed bed. 

Class assignment.—Dugegar’s, pp. 65-68 and 70-72. 
Practical exercises.—Perform exercises suggested in Duggar’s, pp. 

66, 67, and 69. 
Correlations Language: Write up results of practical exercises 

and copy in notebooks. Drawing: Make sketches of materials used 
in practical exercises. 

LESSON FIVE. 

SUBJECT: CROPS. TOPIC: SMALL GRAINS AND CLOVERS. 

Small grains.— Wheat, oats, rye, barley. Preparation of soil, time 
of sowing, fertilizers, rate of seeding, varieties, treatment to prevent 

diseases. a 
Clovers.—Kiinds, uses, time, manner and rate of seeding, need and 

methods of inoculation. 
Class assignment.—Dugegar’s, pp. 1386-143 and 174, 177, and 178. 

Teacher should supplement the lesson with notes from Farmers’ Buls. 
497, 436, 518, 550, 579, and 646. 3 

Practical exercises—(1) Collect in bottles, bring to school, and 
label the different kinds and varieties of grains and clovers studied in 
this lesson. See Farmers’ Bul. 586. (2) Study these seeds to learn 
to identify them. (3) Take a given amount of seed of each kind, 
pick out the good, pure seeds and separate from the impure and the 
unsound. Would it be advisable to sow impure seed ? 

Correlations —Language: Develop the notes taken in connection 
with the foregoing exercises and copy in the notebooks. Drawing: 
Make enlarged drawings of each kind of seed, giving proper color. 
Arithmetic: Develop problems on the purity of seed, based on results 
obtained in the practical exercises. 
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LESSON SIX. 

SUBJECT: FARM ANIMALS. TOPIC: SOW AND PIG MANAGEMENT. 

Since it is possible to have fall, winter, and early spring pastures 
in Alabama, a fall litter of pigs is desirable. September seems to be 
the most desirable month for the pigs to be born. The following 
points should be emphasized in this connection: (1) Providing the 
farrowing pen with fenders to prevent mashing or overlying pigs, 
(2) providing bedding for young pigs, (3) feeding the sow, (4) 
teaching the young pigs to eat, (5) feeding pigs before weaning, 
(6) time of weaning, and (7) selecting breeding stock. 

Class assignment.—The teacher should be provided with Farmers’ 
Buls. 205 and 566. Give pupils notes covering the foregoing points 
found on pages 28-34 in No. 205, and pages 9, 10, and 11 in No. 566. 

See also Farmers’ Bul. 411. 
Practical exercises—Insist on pig-club members getting their pigs 

in condition for the county fair. Make a portable hog house like the 
one described on page 12 of Farmers’ Bul. 566. This may be used for 
a permanent house. One of its advantages is that it can be moved 
from place to place. 

Correlations—Language: Describe a portable hog house. Draw- 
ings: Make simple drawings of the portable hog house and the open 
farrowing pen. Geography: Iowa, Illinois, Missouri, Indiana, Ne- 
braska, Ohio, and Kansas are the seven leading hog-producing States. 
Locate them on the map. What is the relation between the crops 
grown and raising hogs? Is it necessary for Alabama to buy pork 
from these States? History: Organize a pig club. Study the pig- 
club development in the State. Arithmetic: Find the cost of con- 

structing portable hog houses. Base calculations on size of house 
and local prices of materials. 

LESSON SEVEN. 

SUBJECT: INJURIOUS INSECTS. TOPICS: BOLL WEEVIL, POTATO BEETLE, COTTON BOLL- 

WORM, 

Class assignment.—Dugegar’s, pp. 260-271. Teachers should sup- 
plement the lesson with notes from Farmers’ Buls. 290, 500, and 512; 
Alabama Experiment Station Buls. 178, 164, and 146. 

Practical exercises.—Collect specimens of insects studied, place 
them in bottles, and bring to school. Furnish them with materials 
on which to feed and study their development. 

Correlations.—Language: Copy in notebooks results of observa- 

tions with insects. Drawing: Make sketches of the insects in the 

different stages of their life history. Also make drawings of the 

parts of plants attacked showing the nature of the injury. History: 
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Study the origin, spread, and extent of damage of the boll weevil. 
Arithmetic: Secure data from the homes of the pupils and develop 
problems as to the damaze done to crops by insects studied in this 
lesson. 

LESSON EIGHT. 

SUBJECT: FARM ANIMALS. TOPICS: (1) POULTRY MANAGEMENT; (2) DISEASES— 
DIARRHEA, SCALY LEGS. 

Class assignment.—Duggar’s, pp. 306-309. The teacher should sup- 
plement the lesson with notes from Farmers’ Buls. 287 and 530. 

Practical exercises—Have pupils report to the class any diseases 
or insect pests of poultry inthe community. Comparesymptoms with 
those found under the different diseases in Farmers’ Bul. 530. Study 
remedies and apply them. Have each member of the class make 
drinking fountain for poultry. 

Correlations —Language: Have each pupil describe the poultry 
watering device used at his home. Drawing: Sketch a drinking 
fountain. History: Organize a poultry club. Read Farmers’ Bul. 
562. Arithmetic: Have members of class report the loss of poultry 
at their homes during the year due to disease. Develop problems 
on the value of the poultry lost. 

OCTOBER. 

LESSON ONE. 

SUBJECT: POULTRY. TOPIC: HOUSES. 

The site should be convenient to the attendant, well drained, and 
protected from exposure. 

The house should be so constructed as to be convenient, cheerful, 
dry, well ventilated, free from drafts, and economical. 

The styles are colony, continuous, and double-decked. 
The parts—The floor may be cement, board, or earth; walls, single 

with outside coat of paper or double; the roof, shed, gable, combina- 
tion, A-shaped, or sloping front. There should be 4 to 6 square feet 
for each bird. For ventilation have an open front facing the south. 
Fixtures——These consist of droppings board, roosts, nests, feed 

hoppers, water pans, and dust baths. 
Class assignment—F armers’ Buls. 287, pp. 7-11, and 528, p. 9; 

Dugegar’s, p. 309. 
Practical exercises—(1) Have pupils make drinking fountains. 

See Duggar’s, p. 309. (2) Require pupils to report on the poultry 
houses at their homes. If possible have pupils visit a modern poulley 
house in the community. 

Correlations. 

house at each sirninlls fre Drawing: Sketch drinking fountains 
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and feed hoppers. Geography: State the geographical conditions to 
be considered in locating and building a poultry house. Arithmetic: 
Have pupils submit plans for poultry houses; develop problems on 
the cost of material. 

LESSON TWO. 

SUBJECT: CROPS. TOPIC: THE COTTON PLANT. 

Subtopics.—Importance of the crop; kinds of cotton; short staple 
upland varieties; satisfactory varieties; and improving cotton. 

Class assignment.—Duggar’s, pp. 144-150; supplement with notes 
from Alabama Experiment Station Buls. 180 and 153. 

Practical exercises—Have members of the class bring to school the 
different varieties of cotton found in the community. Classify the 
varieties under the main groups, p. 147, Duggar’s. 

Correlations—Language: Have pupils write letters to the United 
States Department of Agriculture, Washington, D. C., and the Ala- 
bama Experiment Station, Auburn, Ala., for the bulletins referred to 
in this publication. Select and mail the best letter in each case. 
Drawing: Require pupils to sketch stalks and bolls of varieties of 
cotton examined. Arithmetic: Pick and weigh 25 bolls of each va- 
riety studied. Develop problems as to the number of bolls per pound. 
How many stalks per acre of each variety examined would be neces- 
sary to produce 1,500 pounds of seed cotton ? 

LESSON THREE. 

SUBJECT: HORTICULTURE. TOPIC: HOME ORCHARD. 

Destroying sources of disease—Remove from the orchard and burn 
all rubbish, mummies, decayed fruit, and dead trees. 

Selecting site for new orchard.—Select a good loam soil, elevated, 
with north or northwestern exposure and protected from strong pre- 
vailing winds. 

Preparation of soil—Remove stumps, stones, and rubbish; break 
the soil thoroughly to a reasonable depth and harrow thoroughly. 

Class assignment.—Supplement the foregoing outline with notes 
from Alabama Experiment Station Buls. 132 and 156, and Farmers’ 
Buls. 154, 491, and 631. 

Practical exercises —Practice distinguishing diseases by the ap- 
pearances of mummies of apples, peaches, pears, and quinces. See 
Alabama Experiment Station Bul. 132. Mummies should be brought 
to school for this purpose. 

Correlations —Language and drawing: Make written descriptions 
and drawings of mummified fruit. Geography: Have each pupil 
outline the home farm, showing the location of the orchard with 
reference to dwelling, barns, etc. History: List the leading varieties 
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of apples and peaches, and have each member of the class prepare an 
account covering the date of introduction, productivity, keeping and 
shipping qualities of some one variety. Arithmetic: Make out an 
order for a given number of trees and find the cost based on nursery 
prices. 

LESSON FOUR. 

SUBJECT: FARM ANIMALS. TOPICS: (1) MANAGEMENT OF MEAT HOGS; (2) PRO- 
VIDING WINTER PASTURES. 

Management of meat hogs.—it is too expensive to fatten meat hogs 
on corn, hence a fall pasture of peanuts, cowpeas, or soy beans should 
be ready for use this month. Turn hogs on pasture and supplement 
with corn. When the pasture is exhausted finish off the hogs with 
corn. 

Winter pastures—Any one of the following crops furnishes pas- 
turage within 60 to 120 days: Rye, wheat, rape, bur clover. oats, and 
vetch. 

Class assignment.—Give the pupils notes on the foregoing topics 
from Farmers’ Bul. 411 and Alabama Experiment Station Bul. 168. 

Practical exercises.—Have each boy in the class assume charge of 

at least one pig that is to be fattened. The pig should be weighed to 
begin with. If abundant pasturage is furnished, feed the pig 2 per 
cent or one-fiftieth of its weight of concentrated food each day. If 
pasturage is not provided, feed 4 per cent or one twenty-fifth of the’ 
pig’s weight of concentrated food. The pig should be weighed once 
each week. When the pasture is exhausted place the pig in a small 
lot and finish off with concentrated feed. 

Correlations—Language: Have pupils- prepare tables to keep 
weekly records of the weights of the pigs and daily records of the 
weight of the feed. History: Require members of the class to make 
a survey of the community as to the breeds of hogs and write accounts 
covering the dates on which each breed was introduced and the 
success with which each has been grown. Arithmetic: Develop prob- 
lems as to cost of feeding the pupils’ pigs. 

LESSON FIVE. 

SUBJECT; DAIRYING. TOPIC: CARE OF YOUNG CALVES. 

Feeding.—Calves should be taken from the mother when 2 days 

old and fed out of a bucket. Feed each calf 14 to 2 quarts of whole 
milk three times a day until 2 weeks old. At two weeks of age 
begin to substitute some skim milk for whole milk and decrease the 

whole milk so that the calf will be on a skim-milk ration when a 

month old. When the calf is 2 weeks old teach it to eat ground and 
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eracked food by rubbing bran on its nose just after feeding it milk. 
Calves learn early to eat hay and should be fed a beral amount of 
good hay. They should have an abundance of water and salt and 
should have access to a pasture. 

Shelter and attention—Sheds should be provided at night and on 
rainy, stormy days. Should disorder of the alimentary canal de- 
velop as a result of feeding skim milk the following treatments are 
suggested: (1) Tablespoonful of castor oil. (2) Mix an ounce of 
formalin with a pint of water and give five teaspoonfuls in milk at 
night. . 

Practical exercises—Raise funds and secure a Babcock tester. 
One may be bought for $5. Learn to test milk for butter fat. Have 
pupils bring to school samples of milk for this purpose. 

Correlations Language: Record in the notebook results of milk 
tests. Drawing: Require pupils to draw the devices used in testing 
nilk. Geography: Jefferson, Mobile, Montgomery, and Blount are 
among the leading counties engaged in the dairy business. Locate 
these counties on the State map and suggest reasons for their engag- 

ing in this industry. Arithmetic: Develop problems as to the 
_ amount and value of butter fat produced by each cow tested. 

LESSON SIX. 

SUBJECT: CROPS. TOPIC: SWEET POTATOES. 

Subtopics —(1) Varieties, (2) when to harvest, (8) how to har- 
vest, (4) handling, (5) storing, (6) selecting seed, and (7) marketing. 

Class assignment.—Duggar’s, pp. 163, 164. Supplement the lesson 
with notes from Farmers’ Buls. 533 and 548. 

Practical exercises—(a) Have members of the class bring to school 

specimens of each variety of sweet potatoes grown at their homes. 
Learn to identify each variety. (b) Have each member make a 
written statement covering the following points as practiced at home: 
(1) Tools used in digging potatoes, (2) vessels used in carrying 

potatoes to storing place, (3) kind of potatoes selected for seed, and ~ 
(4) method of storing. 

Correlations.—Language: The foregoing report provides written 
work. Drawing: Different varieties of potatoes and tools used in 
digging furnish material for drawing exercises. Arithmetic: Have 
pupils report areas and yields and develop problems as to the yield 

per acre in each case, the average yield per acre in the community, 
and the value of the potato crop of community based on present 
prices. Estimate profit to the community if the potato crop should 
be well handled and stored and sold in midwinter and in early spring. 

P x 
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LESSON SEVEN. 

SUBJECT: POULTRY. TOPIC: FEEDING LAYING HENS. 

Subtopics——(1) The importance of feeding, (2) kinds of feeds, 
(3) methods of feeding, and (4) grits and other substances. 

Class assignments.—Duggar’s, pp. 806-309. Supplement the lesson 
with notes from Farmers’ Buls. 287, pp. 19-26, and 528, p. 10. 

Practical exercises —Practice testing eggs. See directions in Farm- 
ers’ Buls. 287, p. 28, and 562, pp. 9, 10. 

Correlations—Language: Describe a good egg and a bad egg as 
they appear when tested. Drawing: Make drawings of good and 
bad eggs as they appear when tested. Geography: Answer the fol- 
lowing questions: Are the eggs tested in the homes of the community 
before being marketed? Are eggs sold to a general merchant, poul- 
try dealer, or shipped by parcel post direct to the consumer? Are 
eggs sold by the dozen or by the pound? Locate on the map the com- 
munity’s principal egg market. How are eggs prepared to ship by 
parcel post? (See Farmers’ Bul. 594.) Arithmetic: Develop prob- 
lems on the cost of feeding flocks of chickens at homes of the pupils 
or flocks belonging to club members. Estimate 4 pounds of dry feed 
daily to each 100 pounds of live weight of poultry. 

LESSON EIGHT. 

SUBJECT: CROPS. TOPICS: (1) SUGAR CANE; (2) PEANUTS. 

Sugar cane.—The plant, varieties, soils, fertilizers, yields, uses. 
Peanuts—Importance, varieties, harvesting, uses, best type of soil 

for successful growing. 
Class assignment.—Duggar’s, pp. 154-161, 165, 166. Supplement 

lesson with notes from Farmers’ Bul. 431. 
Practical exercises.—(1) From what is sugar cane grown? Exam- 

ine several stalks to note the number of nodes (joints), the length of 
the internodes at different parts of the stalk, the buds from which 
‘young plants grow. (2) Carefully remove a number of peanut plants 

from the soil. Examine the roots for tubercles. Are peanuts borne 
on roots or stems? Take the nuts from several vines and measure or 
weigh each lot separately. 

Correlations —Language and drawing: Require members of the 
class to write descriptions and make drawings of peanut plant, show- 
ing all the parts. Arithmetic: Count the peanut plants on a plat 20 
feet square. Find the average yield per vine. From these figures 
develop problems as to the yield per acre and the value of an acre’s 
yield at local prices. 
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NCVEMBER. 

LESSON ONE. 

SUBJECT: CROPS. TOPIC: THE BLACK WEEVIL OF CORN. 

Subtopics —Life history, damage done; preventive measures—seed 
selection, value of husk covering, resistant varieties, harvesting, 
storing; fumigation—room, dose, application of carbon disulphid, 
precautions. 

Class assignment.—Alabama Experiment Station Bul. 176. The 
teacher should give pupils notes on the subtopics from this bulletin. 

Practical exercises——(1) One ounce carbon disulphid is required 
as a dose to fumigate 3 cubic feet of ear corn. Secure a small box, 
fill it with ears of corn affected with weevils, apply the proper dose 
over the surface of the corn, cover the box tightly, and keep it away 
from fire. After 7 to 10 days remove the cover, ventilate the box, 
examine the corn, and note results. (2) Secure 10 ears of sound corn, 
10 partially damaged by weevils, and 10 seriously damaged. Shell 
each lot, carefully weigh equal measurements of each, and compare. 

Correlations Language: Describe an ideal weevil resistant ear of 
corn. Drawing: Make drawings of ears and grains seriously affected 
by weevils. Arithmetic: From the facts ascertained in exercise 2 
develop problems as to the damage done the crops from which the 
ears were selected. 

LESSON Two. 

SUBJECT: HORTICULTURE. TOPIC: SETTING AN ORCHARD. 

Distance between trees—Apples: 16 by 32 feet, 20 by 20 feet, 
24 by 24 feet. Good distance for the cultivation of other crops. 
Peaches: Trees may be set in squares or triangles, the rows parallel. 

Squares 18 by 18 feet seem preferable. Plums, cherries, and pears 
- usually require same distance as peaches. Pears and cherries may 
require greater distance. 

Seasonal varieties —Apples: Yellow Transparent, Red Astrachan, 
Red June, Golden Sweet, Maiden Blush, Horse, Hackworth, Ben 
Davis, Winesap, Shockley, Mammoth Blacktwig, Yates, Reese Seed- 
ling. Peaches: Mayflower, Sneed, Greensboro, Carman, Hiley, Cham- 
pion, Belle of Georgia, Elberta, Crawford Late. Plums: Red June, 
Abundance, Wild Goose, Burbank, Gold, Satsuma. Cherries: Early 
Richmond, English Marrello. Figs: Celeste or Celestial, Brown 
Turkey, Lemon. Pear: Leconte, Kiefer, Goshen, Russet or Apple. 

Digging holes, pruning tops and roots——These are important 

features of the lesson, and should be given proper emphasis. 
Class assignment.—Duggar’s, pp. 219-224. Teacher should sup- 

plement lesson with notes from Farmers’ Buls. 113, 154, 482, 491, 
631, 632, and 633. 
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Practical work.—Make a trip to a farm where fruit trees are being 
set. Take notes on the method. Set trees and shrubbery on school 
grounds this month. See Farmers’ Buls. 185 and 218. 

Correlations Language: Require of the pupils written reports 

as to the kinds and varieties of fruits at their homes. Drawing: 
Have each pupil submit a plan for a home orchard, showing the 
location of the different kinds of fruits. History: Study the horti- 
cultural law of the State. Secure a copy from the Alabama Poly- 
technic Institute, Auburn, Ala. Arithmetic: At the prevailing prices 
of plants develop problems to determine the cost of the orchards 
planned by the pupils. 

LESSON THREE. 

SUBJECT: FARM ANIMALS. TOPIC: HOG HOUSES, PENS, TROUGHS, AND FENCES. 

Houses——FPermanent and portable. Features of construction: Lo- 
cation, light, ventilation, warmth, and cleanliness. : 
Pens.—The number, size, location. 
Troughs.—\inds, material, length, braces. 
Fencing.—Permanent, Pee and hurdles. Purposes and mate- 

rial. ; 
Class assignment.—Cover fi foregoing outline Wale notes from 

Farmers’ Buls. 205 and 438. 

Practical work.—(1) Make a trip with the class to a modern hog 
house. Study and take notes on its construction. (2) Require each 
member of the class to submit a written report covering the condi- 
tions at home with reference to these points: The housing, troughs, 
pens, and pasture fencing for hogs. Discuss these reports in class. 

Correlations —Language: Written work is provided for in exer- 

cise 2. Drawing: Draw to scale ground plan of a hog house, also 
different kinds of hog troughs. Arithmetic: Develop problems on 
the cost of hog houses, fences, and troughs. 

LESSON FOUR. 

SUBJECT: SOILS. TOPIC: APPLICATION OF LIME, 

Reasons for applying lime at this time—(1) Wand is being plowed, 
(2) young plant roots are not injured, and (3) acts upon turned 
stubble or vegetable matter. 
How lime helps the soil—(1) Supplies plant food, (2) makes 

other plant food available, (3) sweetens sour soils, and (4) makes 
compact soils porous and porous soils compact. Crops not benefited 
or indifferent to lime. How often should lime be applied, and in 
what quantities ? 
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Class assignment —Dugegar’s, pp. 112-115. Supplement the lesson 
with notes from Farmers’ Bul. 77, Alabama Experiment Station Bul. 
161. : 

Practical exercises —See “ Exercise” and “ Note to teacher,” Dug- 
gar’s, p. 115. 

Correlations —Language: Describe the things that take place in 

the foregoing exercise. Arithmetic: At the prevailing price of lime, 
find the cost of applying a ton per acre to a 10-acre field. What is the 
weight of a barrel of ime? How many barrels would be necessary 
to apply on a 10-acre field? 

LESSON FIVE. 

SUBJECT: DAIRYING. TOPICS: PRODUCTION AND CARE OF MILK. 

Class assignment.—Duggar’s, pp. 328-325. Supplement with notes 
from Farmers’ Buls. 349 and 541. 

Practical exercises.—See “* Note to teacher,’ Duggar’s, p. 325. 
Correlations —Language: Have each pupil write and read in class 

an account covering such points as precautions observed for cleanli- 
ness in milking, vessels used to keep milk pure, and method of keeping 
it cool. Drawing: Sketch different kinds of milk pails. History 
and geography: Milk is a natural and complete food. Its use ante- 
dates history. List the dairy products used inthe community. Which 
are bought? Wisconsin is the leading State in dairying. Locate this 
State on the map. Arithmetic: Make a survey of the community as 
to number of cows giving milk and the amount of milk produced. 
Develop problems to determine the average production per cow, the 
total production per year, and the value based on local prices. 

LESSON SIX. 

SUBJECT: POULTRY. TOPIC: MARKETING EGGS. 

Subtopics.—Testing, sorting, packing, and shipping; methods of 
selling; parcel post—kinds of containers, securing containers, reach- 
ing the consumer. 

Class assignment.—Give notes from Farmers’ Buls. 287, pp. 40, 41, 
and 594, pp. 5-13. 

Practical exercises Either have some member of the class to 
bring to school a basket of eggs or go with the class to the pupil’s 
home and practice testing and sorting. See Farmers’ Bul. 562. 

Correlations.—Language: Make a community poultry survey cov- 
ering such points as the number of hens, the weekly egg production, 
and the method of selling eggs. Have the pupils prepare blanks for 
this purpose and compile the facts. 
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Arithmetic-—Develop problems based on the foregoing facts. 
Nors.—Supplement this lesson with a study of bad habits of poul- 

try. See Farmers’ Bul. 287, p. 47. 

LESSON SEVEN. 

SUBJECT: FARM ANIMALS. TOPIC: WINTER FEEDING OF BABY BEEVES, MATURE 

BEEVES, AND HORSES. 

Baby beeves—Fattening and marketing calves from 8 months to 
a year old may be made profitable. The high price paid for beef 
animals in the winter and early spring makes it advisable to begin 
now to get animals ready for market. Pastures and open fields 
should be utilized as long as profitable. These should be supple- 
mented with a part ration at the outset. The ration should be 
gradually increased as the pastures give way and as the fattening 
period advances. The fattening period should usually extend ap- 
proximately 100 days. 

Rations.—(1) Cottonseed meal, 2 parts; corn-and-cob meal, 1 
part; equal parts of cottonseed hulls and legume hay. (2) Cotton- 
seed meal and equal parts cottonseed hulls and legume hay. (3) 
Cottonseed meal, 1 part; corn-and-cob meal, 2 parts; and equal parts 

of cottonseed hulls and legume hay. Two to 3 pounds of cotton- 
‘seed meal, 1 to 4 pounds of corn-and-cob meal, and 5 to 8 pounds 
each of cottonseed hulls and legume hay provide a satisfactory 
ration. 

Beef cattle—Begin now to feed mature beef animals. 
ations —At the outset feed 2 pounds of cotton seed or cottonseed 

meal, 25 pounds of silage or its equivalent of cottonseed hulls and 
hay (1 pound of hay or hulls to 2 pounds of silage). Gradually 
increase this ration so that at the end of the feeding period (100 
days) each animal is receiving 6 pounds of meal and 45 pounds of 
silage or the equivalent. 

Horses.—Rations for young animals: One pound of grain and 2 
pounds of hay for each 100 pounds of live weight. (1) Corn, 1 
part; oats, 1 part; bran, 1 part; legume hay and stover, 1 part each. 
(2) Corn, 1 part; cottonseed meal, one-half part; bran, 1 part; and 
hay, 2 parts. 

Rations for work horses: (1) Oats, 7 pounds; sorghum hay, 7 
pounds. (2) Corn, 10 pounds; cottonseed meal, 2 pounds; and 
mixed hay, 14 pounds. 

Class assignment.—Supplement the foregoing with notes from 

United States Department of Agriculture Buls. 73 and 110; Ala- 
bama Experiment Station Buls. 128, 150, and 158; Farmers’ Bul. 580. 



ELEMENTARY AGRICULTURE FOR ALABAMA SCHOOLS. 15 

Practical exercises —(1) Make a community survey of the breeds - 
of beef animals. The survey should include the pure-bred animals, 
kinds of breeds, and number of each; grade animals, kinds of breeds, 
and number of each; and the number of scrubs. (2) An interesting 
project for boys is to have charge of a baby beef. Begin now to 
prepare it for market. To begin with, weigh it and start it on a 
half ration. Gradually increase the feed until the calf is on a full 
ration. Keep a daily record of the feed and a weekly record of the 
calf’s weight. 

Correlations —Language: Prepare sheets for tabulating the facts 
secured by the survey and for keeping feed and weight records of the 
calf. Geography: Does the community raise its supply of mules and 
horses? If not, from what States do they come? Locate these States 
on the map. The proceeds of what crops are given in exchange for 
horses and mules? Arithmetic: Develop problems to determine the 
amount of money spent by the community each year for mules and 
horses. 

LESSON EIGHT. 

SUBJECT: GARDENING. TOPICS: COLD FRAME, SEASONAL PLANTING, COLLECTING AND 

PREPARING COMPOST FOR SPRING GARDEN. 

Cold frame.—The site should have a southern exposure, should be 
well drained, and should have good, rich soil. 

Seasonal planting.—Start in the cold frame lettuce, cabbage, and 
cauliflower. Set in the open sweet peas and all kinds of flowering 
bulbs. . 

Preparing compost.—Select a dry shed and begin collecting ma- 
nure and preparing compost for the spring garden. 

Class assignment.—Duggar’s, pp. 185-188; Farmers’ Buls. 185 and 
218; Alabama Experiment Station Cire. 14, parts 1 and 2. 

Practical exercises —(1) Make a cold frame for the school grounds. 
Sow lettuce, cabbage, and cauliflower seeds. (2) Tomato-club girls 
should have compost heaps prepared for the next crop. 

Correlations.—Language and drawing: Have each pupil write a 
description and make a drawing of the cold frame. Geography: Is 
there a nearby market for winter-grown vegetables? Compare the 
railroad and marketing advantages of the community with those of 
counties like Cullman, Sumter, Chilton, Conecuh, Escambia, Mobile, 

Montgomery, and Jefferson. Arithmetic: Find cost of the material 

in the cold frame. Find the area of the cold frame in square inches. 
How many plants may be started in this frame if 4 square inches are 
allowed to each plant? 
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DECEMBER. 

LESSON ONE. 

SUBJECT: SOILS. TOPIC: CROP ROTATION. 

Purposes.—Improve the soil, get rid of weeds, avoid plant diseases 
and insect pests, provide suitable crops. 

Kinds of crops.—Money crops, feed crops, soil-improving crops. 
Class assignment.—Duggar’s, pp. 116- 122. See copy of soil survey 

of the county. 

Practical exercises—(1) Have pupils prepare and submit three- 
year and four-year rotation courses, keeping in mind community 
conditions and needs. Remember that enriching the soil is the ulti- 
mate purpose. (2) Visit a farm where a good system of rotation is 
practiced. Take notes. 

Correlations —Language: Written work is provided in writing out 
in good form the rotation courses. Drawing: Require the pupils to 
outline the home farm or the farm visited showing the divisions made 
for purposes of rotation. Indicate the crops grown the present year. 
Arithmetic: Develop problems on the value of rotation courses. See 
United States Department of Agriculture Bul. 182, p. 41. 

LESSON TWO. 

SUBJECT: CROPS. TOPIC: CORN JUDGING. 

Subtopics—Object of corn judging, use of score card, selecting 
good ears, arranging an exhibit. 

Class assignment.—Dugegar’s, pp. 129-135. Supplement the lesson 
with notes from Farmers’ Buls. 415 and 617. 

Practical exercises—See “ Exercise” and “ Note to teacher,” Dug- 
gar’s, p. 135. 

Correlations —Language: Require each corn-club member to sub- 
mit a written report covering such points as cost of production, kinds 
of fertilizers, method of applying fertilizers, yields, value, exhibits 
made, and prizes won. Arithmetic: Select five choice ears and five 
ordinary ears. Weigh each lot in the ear. How many ears of each 
are required to produce a bushel of 70 pounds? Shell and weigh each 
lot. How many ears of each are required to make a bushel of 56 
pounds? 

LESSON THREE. 

SUBJECT: FARM ANIMALS. TOPICS: TYPES AND BREEDS OF HORSES AND CATTLE. 

Class assignment.—Duggar’s, pp. 284-294. Supplement ae lesson 
with notes from Farmers’ Buls. 612 and 619. 

Practical exercises —(1) Gradually increase the feed to baby beeves. 
Keep a daily record of the feed weights and: weekly record of the 
calf’s weight. See that the calf is well housed at night and on 
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stormy days. (2) Pupils that have not baby beeves should assume 
the care of colts. Follow rations suggested the previous month. See 
that the colts are well housed at night and on stormy days. Begin 
handling the colts as much as possible. Get them accustomed to the 
halter so that they will lead and stand when tied. (3) Make a sur- 
vey of the community as to the horses and mules. Determine the 
different breeds of horses, the number of pure-bred animals and the 
number of grades of each breed, the number of scrubs, and the num- 
ber of mules. 

Correlations —Language: Keeping records of projects provides 
written work. Make sheets for tabulating the facts obtained in 
making the animal survey. Arithmetic: Find the number and value 
of the mules and horses of the community. Find the cost of feeding 
baby beeves for the month and the cost per pound of increase in 
weight. Determine the number and the value of the horses and mules 
in the community. 

LESSON FOUR. 

SUBJECT: DAIRYING. TOPIC: BUTTER MAKING. 

Subtopics.—Ripening cream, starters, determining the ripeness of 
cream, churning, washing butter, salting butter, working, printing, 
and packing butter, and dairy equipment. 

Class assignment.—Duggar’s, pp. 326-329. Supplement the lesson 
with notes from Farmers’ Buls. 349 and 541. 

Practical exercises —(1) Require a report from each pupil with 
reference to the method of butter making at the home. (2) If there 
is a commercial dairy in the community, visit it with the class to 
observe the equipment and the method employed in making butter. 
Take notes. 

Correlations —Language: Writing up reports and developing 
notes taken on the visit to the dairy furnish language work. Draw- 
ing: Vessels and equipment used in butter making provide materials 
for drawing exercises. Geography: In 1909 New York produced and 
sold $77,807,161 worth of dairy products; Wisconsin, $53,868,028: 
Towa, $31,196,883; and Alabama, $6,396,198. Locate these States on 
the map. Compare the climatic and agricultural conditions of these 
States. Should Alabama buy dairy products from other States? 
Arithmetic: See “ Problems,” Duggar’s, p. 329. 

LESSON FIVE. 

SUBJECT: POULTRY. TOPICS: (1) FATTENING AND MARKETING, (2) SELECTING THE 
BREEDING PENS. 

Fattening.—Pen fattening, crate fattening, cramming, and feeds 
for fattening. 

Marketing.—Killing, dressing, packing, and shipping live poultry. 

93333°—Bull, 258—15——3 
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Breeding pen.—Age, vigor, and relationship of the male; age, 
qualities, and number of hens. 

Class assignment.—Give pupils notes from Farmers’ Buls. 287, pp. 
27-28, 36-38; 355, pp. 31-34. 

Practical exercises.—(1) Poultry-club members should select their 
breeding pens and prepare for the work of the new year. (1) Let 
each member of the class take charge of a few fowls at home for the 
purpose of fattening them for the Christmas market. Try the differ- 
ent methods of fattening and report the results. 

Correlations —Language: Require club members to submit reports 
covering the results of the year’s work with poultry. Have pupils 
write letters to poultry dealers asking for literature and prices. 
Arithmetic: Develop problems based on the reports of club members. 
See United States Department of Agriculture Bul. 132, p. 39, De- 
cember. 

LESSON SIX. E 

SUBJECT: SOILS. TOPIC: TERRACING AND DITCHING. 

Terracing.—As soon as crops are removed and before winter rains 
set in, the old terraces should be built up and new ones laid out and 

thrown up. 
Ditching. —Lands needing drainage, benefits from drainage, classes 

of drains. 
Class assignment.—Duggar’s, pp. 74-81. Supplement the lesson 

with notes from United States Department of Agriculture Bul. 91 
and Farmers’ Bul. 158. 

Practical exercises—(1) Have pupils secure materials and con- 
struct a triangular terrace level as described in Farmers’ Bul. 158, 
pp. 15-16. (2) Make a trip with the class to a farm where tile 
drains are being laid. Observe the need of draining and the method 
employed. ‘Take notes on the kinds and cost of materials used. 

Correlations—Language and drawing: Draw to scale and write 
an account of the materials used and the steps taken in constructing 
a terrace level. Arithmetic: Find the cost of the material used in 
constructing the terrace level. Develop problems on the cost of lay- 
ing tile drains at the farm visited. See United States Department 
of Agriculture Bul. 132, p. 41, May exercises. 

LESSON SEVEN. 

SURJECT: FARM ANIMALS. TOPIC: SAVING MEAT. 

Dressing. —Willing, scalding, scraping, and cleaning. 
Keeping.—Cooling the carcass and cutting. 
Curing.—Vessels, preservatives, brine, and dry curing. 
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Recipes for special curing.—Salt pork, sugar-cured hams and 
bacen, dry-cured hams, headcheese, pickled feet, lard, and sausage. 

Class assignment.—Give the class notes from Farmers’ Buls. 183 

and 391; Alabama Experiment Station Bul. 166. 
Practical exercises—(1) Pig-club members can get practice in 

dressing their own pigs. (2) Have pupils report in writing the 
practice at their homes as to dressing, keeping, and curing meat. 

Correlations Language: Written work is provided in “ Practical 
exercise 2.” Arithmetic: Have pupils report weights of their butch- 
ered pigs. Find the total weight of meat produced in the community, 
the average amount per family, and the value of the total amount 
produced. See United States Department of Agriculture Bul. 132, 
p- 39, for exercises in arithmetic. 

LESSON EIGHT. 

SUBJECT: FARM IMPLEMENTS AND MACHINERY—ROADS. 

Class assignment.—Dugegar’s, pp. 333-3840. Supplement the lesson 

with notes from Farmers’ Buls. 270, 347, and 597. 
Practical exercises—(1) The teacher should take the class to a 

farm well equipped with machinery or to a hardware store. Make 
lists of the various farm implements and note their uses. The teacher 
should secure the cooperation of the farmer or the hardware mer- 

chant in this work. Under the direction of the farmer or merchant 
take down and set up a rather complicated machine. (2) Secure the 
cooperation of the patrons and grade the school-ground walks. After 
grading the walks dress them with a layer of gravel, chert, shells, or 

cinders. 
Correlations —Language: Copy the list of farm implements in the 

class notebooks. Drawing: Outline a split-log drag. Geography: 
Locate on the county map the principal public highways. Locate on 
the State map the counties that have good roads. History: What 
has the county done for the improvement of roads? What system of 
keeping the roads in condition is in vogue?» How have improved 
roads affected the price of land in the country? Arithmetic: Make a 
survey of the farm tools and implements in the community. Find 
their value. What was the amount of the road-bond issue in the 
county? How many miles of road were constructed? What was the 
average cost per mile? Find the cost of split-log and plank drags 

described in Farmers’ Bul. 597. 
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JANUARY. 

LESSON ONE. 

SUBJECT: IMPROVING SOIL. TOPIC: MANURE MANAGEMENT. 

Applying manure to the soil—Methods: Placing in heaps about 
the field, broadcasting, applying in hill or drill with seed. 

Storing manure.—Providing shed, packing, applying moisture. 

Class assignment —Duggar’s, pp. 93-96. Supplement the lesson 
with notes from Farmers’ Bul. 192. 

Practical exercises —(1) Require the members of the class to 

report the methods employed at their homes in the management of 
manure. (2) Club members should begin spreading manure on their 
plats. 

Correlations—Arithmetic: Keep a record of the amount and value 
of manure applied to the soil of garden or field projects. 

LESSON TWO. 

SUBJECT: CROPS. TOPIC: TESTING SEED CORN. 

The vitality of the seed determines the regularity of the stand and 
the vigor of the plants, hence the importance of good seed. The 
vitality of seed may be determined by the appearance of the kernel 
and by the germinating test. 

Class assignment.—Duggar’s, pp. 180-132. Supplement the lesson 
with notes from Farmers’ Buls. 2538, 415, 428, 537, and 617. 

Practical exercises —(1) Make and equip a germinating box as 
described in Farmers’ Bul. 253, p. 8. Conduct a germinating test at 
school, using selected seed corn. (2) Each club member should test 
his seed corn this month. 

Correlations.—Language and drawing: Describe and draw to scale 
the germinating box. Arithmetic: Develop problems based on -the 
results of the germinating test showing the possible loss in yield 
sustained by those who do not test seed. See United States Depart- 
ment of Agriculture Bul. 132. 

LESSON THREE. 

SUBJECT: HOME GARDEN. TOPICS: (1) MAKING THE HOTBED; (2) PREPARING THE 

GARDEN. 

The hotbed.—Selecting site, preparing manure, 4 frame and 

excavation, making hotbed, sowing seed. 
Preparing the garden.—Spreading compost, breaking soil and pre- 

paring seed bed, compounding fertilizers. 
Class assignment.—Dugegar’s, pp. 185-191. Supplement with notes 

from Farmers’ Bul. 255 and Alabama Experiment Station Circ. 14, 
Parts I and II. 
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Practical exercises—(1) Make a hotbed for the school. (2) Club 

members should make hotbeds at their homes. Compost should be 
spread over the plats and the soil plowed thoroughly. 

Correlations —Language: Write an account of the steps taken in 
making a hotbed. Drawing: Have each pupil draw to scale the home 
garden and the school garden. Arithmetic: Find the cost of making 
a hotbed, taking into account labor, lumber, and manure. If plants 
stand 14 inches apart each way, how many can be started in the 
school hotbed? Find the areas of the home and school gardens in 
the drawing exercises. 

LESSON FOUR. 

SUBJECT: DAIRYING. TOPIC: "BREEDS. 

Class assignment.—Dugegar’s, pp. 295-298. Supplement the lesson 

with notes from Farmers’ Bul. 106, 
Practical exercises ——Make a survey of the community as to the 

breeds of dairy cattle and the number of animals of each breed. Let. 
the records show the number of pure-bred animals of each breed, the 
number of grades of each breed, and the number of “scrubs.” Have 
the pupils secure this information from their-homes and from the 
homes of their immediate neighbors. Where possible secure the esti- 
mated value of each animal. 

Correlations.—Language: Tabulating the facts obtained in the 
foregoing survey provides written work. Geography: Make a map 
of the community and locate thereon the homes of farmers who own 
pure-bred dairy cows. History: Have members of the class prepare 
a written account covering these points—the dates when the different 
breeds were introduced into the community, the extent each breed 
has been used, and the comparative value of each breed. Arithmetic: 
Develop problems to determine the number of pure-bred animals, the 
number of grades and the number of scrubs, the fractional part the 
pure breds, the grades, and the scrubs each is to the whole number 
of cattle; the percentage in each case. Find the value of the different 
breeds and of all the dairy cattle in the community. 

LESSON FIVE. 

SUBJECT: SOIL. TOPIC: CONSERVING SOIL MOISTURE, 

How to secure and retain a supply of soil moisture sufficient to pro- 
duce an abundant crop is one of the important problems of the 
farmer. Asa result of the winter rains a supply of moisture should 
be accumulating, hence the necessity of studying the relation of water 

to the soil. 

Class assignment.—Dugegar’s, pp. 65-69, 
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Practical exercises —(1) Perform the exercises suggested in the 
text in connection with this lesson. Also see exercises in Farmers’ 
Bul. 218. 

Correlations —Language: Have pupils take notes in connection 
with the practical exercises. Write them up in full and copy in the 
notebook. Arithmetic: Develop problems based on results of the 
experiments to determine the weight of water in different areas of 
soil, taking into account the depth of breaking the land. 

LESSON SIX. 

SUBJECT: POULTRY. TOPICS: (1) CARE OF BREEDING HENS; (2) EGGS FOR 

INCUBATION. 

Care of breeding hens.—Care during the mating season and feed 
for breeding hens. 

Eggs for incubation.—Collecting, selecting, and keeping. 
Class assignment.—Give the class notes covering the foregoing 

outline from Farmers’ Buls. 287 and 562. 
Practical exercises—(1) Members of the poultry club should fol- 

low carefully the foregoing instructions as they apply to the work 
of feeding and caring for hens, and collecting, selecting, and keeping 
eggs. (2) Those members that mean to start their project with eggs 
should decide on a breed and place an order for eggs. (8) Each 
member should be provided with an egg tester as described in 
Farmers’ Bul. 562. (4) Keep records of the daily rations fed and the 
eges collected. 

Correlations —Language: Provide tables for keeping records ‘of 
feeding rations and eggs collected. Arithmetic: Develop problems 
on the cost of feeding the club members’ flocks or flocks at the homes 
of the pupils; also on the value of eggs produced for incubation. 
Based on the number produced and the cost of the care of the hens, 
what do the eggs cost per dozen? 

LESSON SEVEN. 

SUBJECT: FARM ANIMALS. TOPICS: (1) BREED OF HOGS; (2) SELECTING BROOD SOW. 

Class assignment.—Breeds: Duggar’s, pp. 303-305. Selecting 
brood sow: Cover this topic with notes from Farmers’ Buls. 205 and 
566. 

Practical exercises—(1) Pig-club members should select and breed 
their sows this month. (2) Members who assume responsibility for 
only one pig should arrange to secure a pure-bred animal. For in- 
structions as to managing the pig see Farmers’ Bul. 566 and Alabama 
Experiment Station Bul. 168. (3) Make a community hog survey. 
Determine the number of pure-bred animals of each breed, the num- 
ber of grades of each breed, and the number of scrubs. 
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Correlations Language: Prepare tables for collecting and tabu- 
lating the facts with reference to the hog survey. Geography: Fill 

in on the community maps used for locating dairy cattle the homes 
where pure-bred hogs are kept. History: Have the pupils prepare 
accounts in connection with the several breeds as to the dates of 
introduction, the extent to which grown, and the comparative success 
of each. Arithmetic: Develop problems to determine the number 
and value of the different breeds, the whole number and value of the 
hogs in the community, and the percentage of pure-bred hogs. 

LESSON EIGHT. 

SUBJECT: PLANTS. TOPIC: PROPAGATION. 

Subtopics.—(1) Methods: By seed, by parts of plants. (2) Parts 
of plants: Cuttings, grafts. (3) Kinds of grafts and directions for 
grafting. 

Class assignment.—Dugegar’s, pp. 88-45. Supplement the lesson 
with notes from Farmers’ Buls. 157 and 218. 

Practical exercises ——(1) Have the pupils practice making whip and 
cleft grafts, as shown on page 42 of Duggar’s. Use small twigs and 
limbs of plum trees, persimmon trees, apple trees, and the like. 
(2) After pupils have become proficient in making grafts have them 
make permanent grafts. (3) Make cuttings of grapes and shrubbery 
and set them on the school ground. (4) Practice making grafting 
wax. See Duggar’s, p. 45. 

Correlations —Language and drawing: Write descriptions and 
make sketches of grafts made. Arithmetic: Develop problems on the 
cost of materials required to make given amounts of grafting wax. 

FEBRUARY. 

LESSON ONE. 

SUBJECT: FERTILIZERS. TOPIC: ESSENTIAL ELEMENTS, 

Subtopics.—Nitrogen, phosphoric acid, potash, and lime—their 
sources. 

Class assignment.—Duggar’s, pp. 97-101. Supplement the lesson 
with notes from Farmers’ Buls. 44 and 398. 

Practical exercises.—See “ Exercise” and “ Note to the teacher,” 

Duggar’s, p. 101. 
Correlations —Geography: Sodium nitrate comes from Chile, 

South America; kainit from Germany; phosphate rock from South 
Carolina, Tennessee, and Florida; dried blood and tankage from the 
great packing houses, such as those located at Chicago, Omaha, Kan- 

sas City, and Dallas. Locate these on the map and trace the routes of 
travel from your community to these countries, States, and cities. 
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LESSON TWO. 

SUBJECT: FERTILIZERS. TOPICS: (1) CALCULATING FORMULAS; (2) HOME MIXING. 

Calculating formulas.—Interpreting formulas, finding the com- 
mercial value. 
Home mixing.—Advantages, fillers. 
Class assignment—Duggar’s, pp. 102-107, and Appendix, p. 1. 
Practical ewercises.—(1) Club members should compound their fer- 

tilizers. If it is convenient, take the class to the home of some club 

member or some farmer who is mixing fertilizers and give the pupils 
practice in this work. (2) Have members of the class report the 
brands and formulas of fertilizers used at their homes, also the 
purpose for which each is used. 
Correlations—Arithmetic: See “ Problems” in Duggar’s, p. 107; 

Farmers’ Bul. 44, p. 14; United States Department of Agriculture 
Bul, 132: 

LESSON THREE. 

SUBJECT: FERTILIZERS. TOPIC: SUITING FERTILIZERS TO SOILS AND CROPS. 

Class assignment.—Duggar’s, pp. 108-111; also Appendix, pp. I 
and II. Supplement the lesson with notes from Farmers’ Buls. 44 
and 398. , 

Practical exercises—(1) Have the members of the class report the 
special formulas or brands used at their homes for corn, cotton, Irish 
potatoes, oats, and vegetables. Compare the percentages of essential 

elements in each case and explain why different formulas are used 
for different crops. (2) Compare the formulas reported by the 
pupils with those recommended in the textbook and in Farmers’ 
Bul. 398. 

Correlations —Language: Have the members of the class copy in 
their notebooks all the reports in practical exercise 1. Arithmetic: 
Continue the work as suggested in the previous lesson. 

LESSON FOUR. 

SUBJECT: HOME ORCHARD. TOPICS: (1) PLANTING AND TRAINING YOUNG GRAPE 

VINES; (2) PRUNING AND TRAINING BEARING VINES. 

Young vines——Making cuttings, grafting, planting cuttings or 
rooted vines, first pruning, summer pruning. 

Bearing vines.—Principles, objects, and methods of pruning; 
training, the trellis; pruning implements. 

Class assignment.—Give to the class as notes material found in 
Farmers’ Buls. 471, pp. 12-16; 181, pp. 22, 23, and 30-32. 

Practical exercises—(1) Make a trip with the class to a good 
orchard to observe practice in pruning. Make previous engagement 
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with the farmer. (2) Have the pupils bring grape canes from their 
homes and give them practice in making and setting cuttings. If 
vines are growing on the school grounds, follow directions found in 
Farmers’ Bul. 471 in pruning and training. 

Correlations.—Language and drawing: Have the pupils write de- 
scriptions and make sketches of cuttings, properly pruned vines, and 
trellises for training. Arithmetic: Develop problems on the cost of 
trellising 100 vines by different methods. 

LESSON FIVE. 

SUBJECT: HOME ORCHARD. TOPIC: PRUNING TREES. 

Subtopics Pruning at the time of planting; shaping the young 
tree; later pruning; fruits that most need pruning; implements; 
after treatment. 

Class assignment.—Dugegar’s, pp. 221-224. Supplement with 

notes from Farmers’ Buls. 181 and 491. 
Practical exercises—(1) If practicable, take the members of the 

class to a near-by orchard to observe practice in pruning. (2) Have 
pupils submit written reports on the methods of pruning practiced 
at their homes. (3) Club work or a home project with a few fruit 
trees is desirable, especially in sections where fruit growing is an 
important industry. For instructions write to the Alabama Poly- 
technic Institute, Auburn, Ala., or the Department of Agriculture, 
Washington, D.C. 

Correlations —Language and drawing: Make a drawing and tell 
how to make a proper cut. Make drawings of pruning implements. 
Haye pupiis copy in the class notebooks the reports on pruning. 
Geography: What States lead in the production of apples, peaches, 
and oranges? Locate these States on the map. What effect has 
climate on the production of these fruits as indicated by the sections 
in which they succeed best ? 

LESSON SIX. 

SUBJECT: HOME ORCHARD, ‘TOPIC: (1) SPRAYING; (2) CULTIVATION AND 

FERTILIZATION, 

Spraying.—San José scale, peach curl, brown rot, fire blight, apple 
scab; materials, equipment. 

Cultivation and fertilization—Plowing the soil, applying fer- 
tilizers (12: 2:8) liberally, thorough harrowing. 

Class assignment.—Dugear’s, pp. 229-232; Appendix, pp. III and 
IV; pp. 217. Supplement with notes from Farmers’ Bul. 243; Ala- 
bama Experiment Station Buls. 144 and 156. 

Practical exercises.—(1) If practicable take the members of the 
class to a near-by orchard to observe practice in spraying. (2) Re- 
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quire members of the class to make written reports on the spraying 
at their homes covering such phases as the formulas of spraying mate- 
rials used, the spraying machinery, the fruits sprayed, and the diseases 

or insects combated. (3) Fruit-club or home-project members should 
spray, cultivate, and fertilize their trees. 

Correlations —Language and drawing: Describe and make sketch 
of a barrel spray. History: Have pupils write accounts of the intro- 
duction and spread of damage done by fruit diseases found in the 
community. Arithmetic: Develop problems on the cost of sprays. 
See United States Department of Agriculture Bul. 132. 

LESSON SEVEN. 

SUBJECT: HOME GARDEN. TOPIC: PLANTING IN HOTBEDS AND IN THE OPEN. 

Hotbeds.—These should be given constant attention to prevent 
overheating and to secure ventilation. Tomato, eggplant, and pepper 
seeds should be sown in the hotbed about the middle of the month. 
Melon plants should be started in boxes in the southern part of the 
State. Plants from seeds sown in January should be ready to trans- 
fer to the cold frame, and after being hardened off set in the open. 

Planting in the open.—Winter rains have leached much of the 
available fertility from garden soils, hence it is necessary to apply 
well-rotted manure or high-grade fertilizers, preferably both. Apply 
an 8:2:8 high-grade fertilizer at the rate of 500 to 1,000 pounds per 
acre. 

Trish potatoes, cabbage, onions, radishes, lettuce, spinach, turnips, 
carrots, and English peas should be planted this month. Soak seed 
potatoes for two hours in a formalin solution (40 per cent formalde- 
hyde) consisting of 1 ounce of formalin and 2 gallons of water. 

Class assignment.—Duggar’s, pp. 185-191. Supplement the lesson 

with notes from Alabama Experiment Station Cire. 14, Parts I and 
II; Farmer’s Buls. 220, 255, 354, 433, 434, and 544. 

Practical ewercises.—(1) Prepare the soil and begin planting vege- 
tables on the school or home gardens. The pupils should plant such 
vegetables as potatoes, onions, lettuce, turnips, radishes, and peas. 
(2) Club members should plant tomato seed either in hotbeds or 
boxes. ‘ Plow and harrow the soil that is to be used for the tomato 
plat. Well-rotted manure should be appled before the soil is har- 
rowed. ’ 

Correlations —Language: Have the members of the class make 
written reports of the work done this month in their gardens. Those 
who do not have plats of their own should be required to report on 
the work done in the home gardens. Arithmetic: From the reports 
made by the pupils of the class develop problems to determine the 
cost of the gardens this month, taking into account labor, fertilizer, 
and seed. 
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LESSON EIGHT. 

SUBJECT: POULTRY. TOPIC: INCUBATION. 

- Natural incubation—The hen, how to set the hen, care of the 
sitting hen. 

Artificial incubation.—Types of incubators, selecting the incubator, 
locating the incubator, the temperature to maintain, care of the lamp, 
turning and cooling the eggs, care of machine at hatching time. 

Class assignment—The foregoing outline is based largely on 
Farmers’ Bul. 585. Let the teacher secure a copy of this bulletin and 
give the class notes on the foregoing phases of the subject. Supple- 
ment these notes with reading exercises from farm papers. See also 
Farmers’ Bul. 287. 

Practical ewxercises—(1) Club members or pupils that have 
projects with poultry should make plans and set one or more hens 
this month. If the pupil has charge of a large flock of hens it might 
be advisable to invest in an incubator. Get the work of incubation 
started this month. Keep exact records as to dates, eggs used, and 
other features of incubation. (2) Require pupils that have no 
projects with poultry to make observations at their homes and sub- 
mit written reports covering such points as the number of hens being 
set, the number of eggs under each, the kind of nests used, and the care 
of the hens. If incubators are used at any of these pupils’ homes, 
have the pupils report on the following points: The kind, capacity, 
and location of the incubator; the temperature maintained, and the 
attention given the eggs. 

Correlations Language: Club members and others having 
projects with poultry should prepare tables for keeping records in 
connection with this incubating work. Written reports provide addi- 
tional language work. 

MARCH. 

LESSON ONE. 

SUBJECT: SOIL. TOPIC: PREPARING SEED BED. 

Subtopics —Breaking, harrowing, dragging, or rolling. 
Class assignment.—Duggar’s, pp. 70-72. Supplement the lesson 

with notes from Farmers’ Buls. 81, 537, and 601. 
Practical exercises.—(1) Have members of the class submit a list 

of implements used in plowing, harrowing, dragging, or rolling the 
land at their homes. Also have them report whether the land was 
plowed in the fall or winter, whether it grew a cover crop, or whether 
it is unplowed stubble or stalk land. (2) If practicable accompany 
the pupils of the class to a near-by field where good work is being 
done in the way of preparing the seed bed. Take notes on the imple- 

ments used in plowing, harrowing, rolling, or dragging. 
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Correlations —Language: The pupils’ reports provide written ex- 

ercises. Drawing: Have pupils make a sketch of a turn plow, locat- 
ing the parts—namely, handles, beams, share, meldboard, and land- 

slide. History: Have some member of the class prepare and read 
a statement giving an account of the community methods that have 
been and are now employed in turning land, including the kinds of 
plows used. Let this statement date as far back as reliable informa- 
tion may be secured. Arithmetic: Develop problems showing the 
economy in using large plows instead of small ones in turning land. 
A man with a 2-horse plow can turn 2 acres per day at a cost of $2.50. 

A man with a 1-horse plow can turn 1 acre per day at a cost of $2. 
Find the difference in cost in breaking fields of 10, 20, and 30 aeres. 

LESSON TWO. 

SUBJECT: POULTRY. TOPIC: BROODING. 

Natural brooding.—The hen, the coop, handling the chicks, feed- 
ing, keeping down lice, protecting from enemies. 

Artificial brooding.—The brooder, testing the brooder, removing 

chicks from the incubator to the brooder, teaching chicks to find heat, 
regulating the temperature, feeding. Fireless brooders—location, 
teaching chicks to keep warm. 

Class assignment.—The teacher should read carefully Farmers’ Bul. 
624 and give the class notes covering the foregoing outline. See also 
Farmers’ Buls. 287 and 585. . 

Practical exercises—(1) Club members should provide brood coops 
for their hens and chicks. See page 13, Farmers’ Bul. 574, and page 4, 
Farmers’ Bul. 624. If artificial brooding is practiced, see pages 8 and 
10, Farmers’ Bul. 624. (2) Require pupils that have no projects 
with poultry to submit written reports as to the kinds of brooding 
coops used with hens, and in case of artificial brooding the reports 
should cover descriptions of the brooders used. Successes and failures 
in brooding should be noted and accounted for. 

Correlations Language and drawing: Have pupils write descrip- 
tions and make drawings of the brooding coops used in connection 
with poultry projects or used at their homes. Arithmetic: Find the 
cost in labor and materials of the several brooders and brooding coops 
reported. How many broilers at the prevailing price would be neces- 
sary to cover the cost of each brooding coop? Does it appear to be 
economical to provide good coops? 

LESSON THREE. 

SUBJECT: FARM ANIMALS. TOPIC: GRAZING CROPS FOR HOGS. 

Temporary.—The accompanying table suggests a series of grazing 
crops that provide hog pasturage for almost the entire year. A selec- 
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tion adapted to local conditions should be made and preparations 
begun to provide continuous pasturage for the hogs. 

Grazing crops for hogs. 

Crop. When planted.| How planted—seed per acre. Grazing period. 

Melilotus on | February and } Broadcast, 10 to 20 pounds; | 60 days after seeding; at any season 
lime lands March. add 4 if unhulled. when growing. 

Cowpeas..-...-.-- May 1 to July1) 13 bushels seed broadeast; 3 | 75 to 90 days after seeding; lasts from 30 
bushel in drills. to 60 days. 

Soy beans......|..-.- Gots sae ee 1 bushels seed broadcast; 4 | 90 to 100 days after seeding; lasts from 
bushel in drills. 30 to 90 days. 

Velvet beans. - s/s aE. 1 to May | 3 to 34 pecks in drills......_... 150 to 180 days after seeding; after 
frost; lasts all winter. 

Peanuts, Span- Mee 1toJuly1| 1 to 2 bushels, not hulled, in | 100 to 120 days after seeding; lasts 60 to 
ish. drills. 90 days. 

Lespedeza.....- March and/J|1 bushel or 24 pounds seed, | 75 to 90 days after seeding; grazed any 
April. broadcast. time during warm weather or while 

growing. 
Sorghum......- Apr. 15 to July |} Broadcast, 1 to 2 bushels seed; | 60 to 90 days after seeding; lasts 30 to 60 

ile drill 1 to 2 pecks. days. 
Ghufas +22. :- 2. Mar. 15 to | 3 to 4 pecks in rows.........- 130 to 150 days after planting; lasts all 

June 1. winter, 
Sweet potatoes .| Plants set in | 7,000 to 9,000 plants, 3-foot | 100 to 150 days after planting; lasts 60 

May. rows, 14 to 2 feet inrow. to 90 days. 
Rape.ss.---2--- Feb. 1to Mar. | In rows, 3 to 4 pounds seed; | 50 to 65 days after seeding; fall seeding; 

10. broad¢ast, 6to8 pounds seed.} lasts all winter; spring seeding until 

Permanent—Bermuda and bur clover. 

May 15. 

spring; seed bur clover in August. 
Class assignment.—Duggar’s, pp. 162, 165, 174, 178, and 180. Give 

Set Bermuda in the 

the class notes from Farmers’ Bul. 411, pp. 22-33; Alabama Experi- 
ment Station Bul. 168. 

Practical exercises.— (1) Pig-club members should make prepara- 
tions for spring, summer, and fall hog pastures. Make selections 
from crops mentioned in this lesson and plan to have green feed 
during the entire year. (2) Have all members of the class report 
in writing as to the permanent pastures at their homes covering 
such points as the kinds, the number of acres in each, and the success 
with which grown. (3) Review the September lesson on Sow and 
Pig Management. 

Correlations —Language: The written reports required in the 
practical exercises provide language work. Drawing: Have the 
pupils secure dimensions and draw to scale the permanent pastures 
at their homes. Show the location of streams, shades, and the like. 

Arithmetic: Find the area in acres of the several pastures reported. 

Estimate the average number of hogs to each pasture and find the 
pasturage area for each hog. 

LESSON FOUR. 

SUBJECT: INSECTS AND HEALTH. TOPICS; (1) FLIES; MOSQUITOES. 

Flies.—Life history, carriers of disease, remedies and preventives. 
Mosquitoes.—Important kinds, how to recognize the malarial and 

yellow fever mosquitoes, how disease is spread by mosquitoes, pro- 
tection and remedies. 
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Class assignment.—Dugegar’s, pp. 272-276. Supplement the lesson 
with notes from Farmers’ Buls. 444, 459, and 463; Alabama Press 

Buls. 55 and 56. 
Practical exercises——(1) Bring to school a bottle or can of water 

containing wrigglers (wiggle tails) and cover the surface of the 
water with a Lees of oil. Study developments and take notes. (2) 
Drain all pools about the home or the school, remove all discarded 
vessels, and screen water barrels and tanks. (38) Secure and bring 
to school in a closed vessel some material containing eggs or larve 
of flies. Examine carefully each day and take notes on the develop- 
ments. (4) Make a fly trap by instructions found in Alabama Press 
Bul. 56. 

Correlations —Language and drawing: Write an account of the 
life history of the fly and make drawings of each stage. Make a 
drawing of a malaria mosquito at rest. Arithmetic: A female fly that 
survives the winter lays four batches of 120 eggs each. Sixty eggs of 
each batch produce female flies. They in turn lay four batches of 
120 eggs each of which 60 produce female flies. Reproduction con- 
tinues at this rate through 12 generations in a season. Find the num- 
ber of flies produced in the twelfth generation. Emphasize the im- 
portance of destroying flies in March. 

LESSON FIVE. 

SUBJECT; INSECTS. TOPICS: (1) INSECT DEFINED; (2) INSECT GROWTH; (3) HOW 

INSECTS FEED. 

Insects defined —What is an insect? The principal parts. 
Insect growth.—Insects developing without much change, stages in 

an insect’s life, transformation from caterpillar to butterfly. 
How insects feed—Biting and sucking. 
Class assignment.—Dugegar’s, pp. 246-256. Supplement with notes 

from Farmers’ Bul. 127 and Alabama Experiment Station Bul. 139. 
Practical exercises—(1) Look for adult boll weevils, peach 

borers, plum curculios, and potato beetles. Make and mount a col- 

lection of insects this month. See Farmers’ Bul. 606. (2) Club 
members should examine carefully their vegetables and plan to com- 
bat insect attacks. : 

Correlations —Language and drawing: Describe and draw the 
several insects collected and mounted. History: Have each pupil 
of the class write an account of each insect as to date of introduction 
into the community, damage done, spread, and methods of com- 
bating. Arithmetic: Develop problems to determine damage done by 

insects the previous year based on community estimates. 
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LESSON SIX. 

SUBJECT: HORTICULTURE. TOPICS: (1) SPRAYING CONTINUED; (2) GARDENING. 

Spraying.—Continue spraying for San José scale, peach leaf curl, 
brown rot, and apple scab. See February lesson on spraying. 

Spray apples, pears, and quinces for codling moth; plums and 
peaches for curculio and rot; grapes for anthracnose, mildew, and 
rot. For codling moth use 1 pound of dry arsenate of lead to 50 
gallons of water, with an addition of 2 pounds of hme to make a 
white spray. The same spray should be used for the curculio. 
Spray grapes with Bordeaux mixture. 

Gardening.—Transplant peppers and cabbage. In the southern 
part of the State set eggplants. Bed sweet potatoes. Plant in the 
open bush beans, Lima beans, cucumbers, okra, parsnips, and salsify. 

Class assignment.—Duggar’s, pp. 258-260, 229-232, 185, 186, and 
190. Supplement the lesson on sprays with notes from Alabama 
Experiment Station Buls. 139 and 144; Cire. 1; Farmers’ Buls. 284, 
440, and 492. Supplement the lesson on gardening with timely notes 
from Alabama Experiment Station Cire. 14, Parts I and I; 
Farmers’ Buls. 232, 255, and 289. 

Practical exercises—(1) Continue the garden work on the school 
or home plats (2) Tomato club members should keep their plats 
thoroughly plowed and harrowed. Break up all clods and keep 
down the growth of weeds. (3) Pupils that have no projects and are 
not club members should be required to make written reports cover- 
ing such points as the vegetables being planted at their homes, from 
what they are reproduced, whether from seed, bulbs or tubers, and 

how planted, whether in drills or on beds. 
Correlations —Language: Reports on work with home or school 

garden plats and work being done in the gardens at the homes of the 
pupils provide suitable written work. Each pupil should be re- 
quired to copy all such reports in the notebooks. Arithmetic: Based 
upon the foregoing reports develop problems in connection with the 
garden work of the month. Labor, seed, and fertilizers should be 
taken into account. 

LESSON SEVEN. 

SUBJECT: SMALL FRUIT. TOPIC: SETTING STAWBERRIES. 

Planting. —Soil should have abundant humus and be supphed with 
well-rotted manure; preparation shouid include thorough fall break- 

ing and spring harrowing; plants should stand 2 feet apart, roots 
should be well pruned, and the soil should be packed firmly about 
them; crowns should not be covered. 

Varieties —Excelsior for early berries, Klondyke and Lady 'Thomp- 

son for medium, Aroma for late. 
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Fertilizers—Apply at the rate 500 to 1,000 pounds of 12:2:10 
formula per acre. 

Class assignment.—Dugegar’s, pp. 217-219. Supplement the lesson 
with notes from Farmers’ Buls. 198 and 664. 

Practical exercises—(1) A tenth of an acre of strawberries is rec- 

commended for a permanent home project. Hach member of the class 
should be encouraged to assume responsibility for such a plat at his 
or her own home. (2) Secure written reports from the members of 

the class covering such points as the varieties of strawberries grown 
at their homes, the variety or varieties that have proved most suc- 
cessful, when planted, and how. 

Correlations—Language: Each pupil should be required to make 
a nice copy of the foregoing report. Geography: The counties of 
Baldwin, Chilton, Conecuh, Cullman, Escambia, Mobile, and Sumter 

are among the leading in the production of strawberries. Locate these 
on the map. What conditions make it possible for these counties to 
engage in the strawberry industry ? 

LESSON EIGHT. 

SUBJECT: SOIL. TOPICS: (1) GERM LIFE IN THE SOIL; (2)SOME LEGUMINOUS 

CROPS. 

Germ life in the soil—Germs that help, aiding the germ friends, 
germ enemies, adding germs to the soil. 
Some leguminous crops.—Alfalfa, red clover, Japan clover. 
Class assignment.—Dugegar’s, pp. 244, 245, 168-172, 176-178. Sup- 

plement the lesson with notes from Farmers’ Buls. 339, 441, and 455. 

Practical exercises —(1) Make a list of all the leguminous plants 
that are grown in the community. (2) Have members of the class 

bring to school leguminous plants found at their homes. Study stems 
and leaves to be able to recognize each plant at sight. 

Correlations —Geography: Japan clover (lespedeza) is so named 
as it is thought to have been introduced into this country from Japan. 
Locate Japan on the map. Compare it with Alabama as to latitude, 
longitude, climate, area, and agricultural productions. 

APRIL. 

LESSON ONE. 

SUBJECT: POULTRY. TOPICS: (1) DISEASES; (2) PRESERVING EGGS. 

Diseases—Gapeworms, sorehead, fowl cholera, lice, crop bound— 
causes, Symptoms, and treatment. 

Preserving eggs.—Egegs to be stored, testing; preserving mate- 
rials—water glass, lime water, salt, and bran. 
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Class assignment.—Give the pupils notes from Farmers’ Buls. 287 
and 530. 

Practical exercises —(1) Each club member should separate the 
male from the hens that are to produce eggs for market. As soon 
as the price of eggs reaches a point that is not profitable prepare to 
preserve the eggs for late fall and winter marketing. Follow in- 
structions in Farmers’ Bul. No. 287. (2) Have the members of 
the class make reports as to symptoms of diseased chickens at their 
homes. Compare these with the symptoms found in connection 
with the diseases studied. 

Correlations —Language: During this month each pupil of the 
class should be required to report weekly on the following facts at 
his home: The whole number of eggs laid, the number of eggs sold, 
the price received, the manner of disposing of the eggs—to local 
buyer or by parcel post. Arithmetic: From the foregoing facts 
develop problems adapted to needs of the class. 

LESSON TWO. 

SUBJECT: CROPS. TOPICS: PLANTING AND CULTIVATING CORN AND COTTON. 

Subtopics.—Kinds of seed beds, distance between plants, fertiliza- 
tion, cultivation. ss 

Class assignment.—Dugegar’s, pp. 125-127, 151-153. Supplement 
the lesson with notes from Farmers’ Buls. 364, pp. 10-15; 537, pp. 
14-15; 601. 

Practical exercises —(1) Club members should be preparing the 
land and planting their plats of corn and cotton. (2) Have the 
members of the class report the different methods employed in plant- 
ing corn and cotton at their homes. (3) What is meant by a water 
furrow? A balk? A bed? 

Correlations Language: Written work is provided for by the 
reports on planting methods required in practical exercises. Arith- 
metic: Have club members report the labor, fertilizers, and seed 
required to plant their plats of corn or cotton. From these facts 
develop problems to meet the needs of the class. History: The 
Indians planted corn when the leaves of oak trees were as large as 
a squirrel’s ear. How does the present practice in your community 
compare with that of the Indians? Why is Indian corn so called ? 

LESSON THREE. 

SUBJECT: HONEYBEES, TOPICS: IABITS, WORK, AND MANAGEMENT OF BEES. 

Class assignment.—Dugegar’s, pp. 277-280. Supplement the lesson 
with notes from Farmers’ Bul. 447. (These are important topics, 

and it may be necessary to make two lessons to treat them properly.) 
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Practical exercises —(1) Go with the class to a home where bees 
are kept. Observe them and take notes on their movements. (2) 
Secure some honeycomb. Look for cells prepared for storing honey 
and those for rearing young bees. (3) The care and management of 
a few hives of bees provide an excellent project. 

Correlations Language and drawing: Write a description and 
make a drawing of the type of hives used in the community. 

LESSON FOUR. 

SUBJECT: CROPS. TOPIC: HOW PLANTS FEED. 

Food from the soil——The plant food in the soil must be dissolved 
in water before it can be taken up by the roots and used by the plant. 
There are at least 10 elements of plant food taken from the soil, 
but the most important are nitrogen, phosphorus, potash, and 
calcium (lime). 
Food from the air—Plaunts take food from the air through tiny 

openings in the underside of the leaf. Carbon is the only element 
of plant food taken from the air, but it unites with water to make 
starch, which constitutes the great bulk of the plant. 

Class assignment.—Dugegar’s, pp. 382-87. Supplement the lesson 
with notes from Farmers’ Bul. 218, pp. 12-15. 

Practical exercises.—(1) See “ Experiment ” and “ Exercise,” Dug~ 
gar’s, p. 86. (2) See “Exercises 3, 4, and 5,” Farmers’ Bul. 218, p. 
14. (3) Club members should take an active interest in these exer- 
cises to learn fully the relations between their crops and the soil 
and air. 

LESSON FIVE. 

SUBJECT: CROPS. TOPIC: PREPARING FOR SILAGE, 

Why silage should be made.—Best and cheapest form of succulent 
food; a very palatable food; a substitute for pastures during winter 
months. 

Silage crops.—Corn, sorghums, cowpeas, soy beans, clover. 
Harvesting the crops.—Time, equipment. 
Making silage—Cutting, packing, moistening, covering. 
Class assignment.—Duegegar’s, pp. 124, 126, 174, 178, and 180. The 

teacher should give the class notes from Farmers’ Bul. 578 covering 
the foregoing outline. This lesson is of special importance in stock- 
raising and dairy sections of Alabama. 

Practical exercises —(1) Tf there is a silo in the community, take 
the pupils of the class to visit it. If possible, secure from the owner 
the following information: Crops used in making silage, the length 
of the particles of silage, the time of making silage, and the manner 
of filling the silo. Require the pupils to take notes on the foregoing 
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points. (2) If there is a silo at the home of any member of the class 
require that pupil to make a written report covering the points men- 
tioned in exercise 1. 

Correlations—Language: Require the pupils to copy in their 
booklets the notes and reports on the foregoing exercises. Arith- 
metic: (1) One cow consumes the silage from 8 square feet of sur- 
face to a depth of 2 inches each day. What should be the diameter 
of a silo to feed a herd of 10 cows? Fifteen cows? Twenty cows? 
(2) If the silage is fed an average depth of 2 inches each day, what 
should be the height of a silo to feed a herd 120 days? One hundred 
and eighty days? (8) If silage weighs an average of 35 pounds a 
cubie foot, how many tons in a silo 14 feet in diameter and 30 feet 
high ? 

LESSON SIX. 

SUBJECT: HOME ORCHARD AND GARDEN. TOPICS: (1) CULTIVATING THE ORCHARD; 

(2) PLANTING AND CULTIVATING THE GARDEN. 

The orchard.—Plowing; fertilizing; planting low-growing, inter- 
cultural crops. 

The garden—tTransplant sweet potatoes, eggplants, cantaloups, 
and make preparations to set tomatoes in May. Plant squash and 
pumpkin seeds. Continue planting beans and setting cabbage plants. 

Class assignment.—Dugegar’s, pp. 216-217, 190, 162, 163, 164. Sup- 
plement the lesson with notes from Alabama Experiment Station 
Cire. 14, Part I, pp. 19, 29, and 36; Part II, pp. 68, 70, 72, and 73; 
Bul. 156, pp. 121, 122; Farmers’ Buls. 491, 632, 642, and 647. 

Practical exercises ——(1) Continue planting vegetables in the home 
and school gardens. (2) Tomato-club members should prepare to 
set tomato plants in May. The tomato plants should now be trans- 

ferred from boxes or hotbeds to cold frames. 
Correlations —Drawing: Make a plan of the home garden, show- 

ing the location of the different kinds of vegetables. Arithmetic: 
Develop problems to determine the cost of labor, fertilizers, and seeds 
used this month in the school and home gardens. 

LESSON SEVEN. 

SUBJECT: FLOWERS. TOPICS: (1) IMPORTANCE; (2) PARTS; (3) POLLINATION. 

Importance.—P ants produce flowers; flowers develop into seed ; 

seed develop into plants. 
Parts of flowers.—(1) Calyx, the divisions of which are called 

sepals; (2) corolla, the divisions of which are called petals; (3) sta- 
mens, the divisions of which are the filament, the anther, and the pol- 

len; (4) pistil, the divisions of which are the ovary containing the 

ovules, the style, and the stigma. 
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Essential parts of the fower.—The stamen and the pistil with their 
divisions. They produce seed. 
Pollination—(1) Ripened pollen grains when shed by the anther 

either fall upon or are carried to the stigma of the pistil. The pollen 
grain produces a thread-like growth, which passes through the style 
into the ovary, where it gives off a cell to unite with an ovule. This 
union develops a seed. (2) Kinds of pollination: (a) Self-pollina- 
tion, (6) cross-pollination. The latter is accomplished by winds and 
insects. 

Class assignment.—Duggar’s, pp. 7-20. (Omit paragraphs that 

are not essential.) 
Practical exercises—Uave the pupils bring to school for study 

flowers of turnips, peaches, apples, strawberries, honeysuckles, and 

dogwood. Learn to name the principal parts. Which of these 
flowers are visited by insects? 

Correlations—Language and drawing: Have each member of the 

class describe and make drawings of one or more of the flowers 
studied. 

LESSON EIGHT. 

SUBJECT: WEEDS, TOPICS: (1) THE INJURY WEEDS DO; (2) KINDS AND HABITS; 

(3) METHODS OF COMBATING. 

The injury weeds do.—They use plant food, take up moisture, make 
cultivation expensive. 

Kinds and habits —Annuals, biennials, perennials. 
Methods of combating.—Uprooting, cutting off tops to prevent 

seeding, smothering, selecting clean seed. 
Class assignment.—Duggar’s, pp. 182-184. Supplement the lesson 

with notes from Farmers’ Bul. 660. 
Practical exercises—Have the pupils bring to school for study 

specimens of all weeds that may be found in the gardens, orchard, or 
fields at this time. Learn to name them and list the names with a 
brief description in the class notebook. Those that can not be identi- 
fied should be sent to the Alabama Polytechnic Institute, Auburn, 
Ala., for classification. 

C peel eee ane wane and drawing: Make written descriptions 
and drawings of the weeds studied. History: Require the pupils to 
prepare an account covering the following points with reference to 
the most injurious weeds found in the community: The dates of 
introduction, the spread, the damage done, and the methods of com- 
bating. 

O 
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- By Roperr M. Cuarprin, Senior Biochemist, Biochemic Division. 

INTRODUCTORY. 

In the approximately four years during which arsenical dipping 
baths have been extensively employed for eradicating the Texas- 
fever tick in this country, and in the even longer period during which 
they have been put to similar use abroad, it has been discovered, along 
with other interesting and important facts, that the arsenic in such 
baths is prone to change its degree of oxidation. Arsenic is one of 
the considerable number of chemical elements which may be said to 
lead double lives; that is, they form two distinctly different series of 
compounds in which the element acts in many respects as if it were 
indeed two wholly different elements. Thus the element arsenic 
forms two oxids, first, arsenious oxid, in which two atoms of arsenic 

are combined with three atoms of oxygen, and, second, arsenic oxid, 
in which two atoms of arsenic are combined with five atoms of 
oxygen. Both these oxids are essentially acid in nature; that is, 
they readily combine with alkaline substances (bases) to form salts. 
For example, when arsenious oxid is treated with sodium carbonate 
or sodium hydroxid there is produced sodium arsenite, while arsenic 
oxid, similarly treated, yields sodium arsenate. The common white 
arsenic of commerce is merely arsenious oxid. So when in the 
ordinary preparation of dipping baths, white arsenic is heated with a 
solution of caustic soda or of carbonate of soda, the resulting liquid 
is essentially simply a solution of sodium arsenite. 

Soon after arsenical dipping baths had come into extensive prac- 
tical use it was discovered that the sodium arsenite frequently 
seemed to disappear slowly with continued use of the bath. Thence 
it was only one step to discover that the element arsenic was in fact 

Note.—This bulletin will be of interest to cattle raisers who employ arsenical dipping baths in eradi- 

cating the Texas-fever tick. 

942900°—Bull, 259—15 
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still present in its original quantity but that it had partly changed 
its form and now existed to that extent as sodium arsenate,’ a com- 
pound, as previously indicated, quite different in many of its proper- 
ties from sodium arsenite. Fuller,? who mdependently discovered 
the phenomenon in the laboratories of the Bureau of Animal Industry, 
went further and showed that the change is essentially brought about 
through the growth of microorganisms in the dipping baths, other 
factors being relatively of little importance. 

After the appearance of Fuller’s paper pressure of other work 
prevented the obtaiming of further knowledge along this line except 
what could be gained from the routine examination of samples from 
the field and an occasional desultory experiment. What was thus 
learned, however, indicated that the matter was probably not yet 
thoroughly understood and that at any rate practical studies should 
certainly be undertaken on the progress of the phenomenon of oxida- 
tion as it occurs in dipping vats in the field under varied conditions 
of actual use. The relative efficacy of solutions of arsenite and 
arsenate against ticks and their relative toxicity toward animals 
dipped therein are subjects entirely beyond the scope of this paper, 
but it is universally believed that sodium arsenite is a much more 
powerful tickicide than sodium arsenate, though at the same time 
more poisonous to cattle. It was clearly a matter of importance to 
ascertain how rapidly a change from one form to the other might go 
on in baths in actual use in the field, since such a change is necessarily 
closely related to the regularity of action of a bath upon both ticks 
and cattle. These field studies have. been continued during the past 
two years. 

In the meantime further published work has appeared abroad. 
Laws? in explanation of certain observations suggested that, in 
addition to the oxidizing organisms already noted which change 
arsenite to arsenate, there may also exist in some baths reducing 
organisms which change arsenate back to arsenite. He also suggested 
the use of some bactericide to prevent oxidation by preventing the 
srowth of the bacteria which cause it. Britinnich and Smith,* Wil- 
liams,° and Holborow ° have made some studies of the obvious ques- 
tions presented. But the published work so far seems in general 
hardly comprehensive enough to insure the drawing of sound prac- 
tical conclusions, while in any event it is confined to certain foreign 
countries where dipping practice as respects strength of dip and 

1 Briinnich (Australian Association for the Advancement of Science, 1909, through Journal of Agricultural 

Science, 1911, vol. 4, p. 177) appears to have been first to make this discovery. 

2 Bureau of Animal industry Circular 182, Noy. 9, 1911. 
3 Agricultural Journal of Union of South Africa, 1913, vol. 5, p. 915. 

4 Queensland Agricultural Journal, 1914, vol. 2, part I, p. 81. 
5 Agricultural Journal of Union of South Africa, 1913, vol. 5, p. 68; 1914, vol. 8, p. 12. 

6 Rhodesia Agricultural Journal, 1914, vol. 11, p. 579. 
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intervals between dipping is so different from ours as to be scarcely 
at all comparable. 

FIELD EXPERIMENTS OF 1913. 

The experiments of 1913 involved the taking at fortnightly inter- 
vals of samples from a number of vats, under as varied conditions 
of use as possible. That is, the vats were in different sections of 
the country; some were large vats at stock-yards centers, through 
which hundreds of cattle were passed daily; others were small vats 
in thinly settled localities, where only a few cattle were dipped at in- 
frequent intervals. The samples were tested at the vat by the 
bureau field method,’ were tightly sealed with wax or paraffin to 
prevent, by exclusion of air, oxidation en route, and were analyzed 
at the laboratory. Unfortunately the methods of analysis since 
published‘ had not then been completely worked out, for kaolin 
was used as a Clarifying agent instead of blood-charcoal. The 
results, therefore, are not of the highest accuracy, but are sufficiently 
correct for the purpose of making the comparative studies desired. 
Also, the possibility of reduction by bacteria en route was not then 
suspected and hence no provision was made for its prevention. For 
the figure for actual arsenious oxid it was therefore necessary to rely 
in the majority of cases upon the reported result of the field test, 
which again is not of high accuracy. 

For the purpose of making comparisons between different vats it 
is necessary to compare the extent to which they were used, and 
since vats are of very different sizes and cattle are dipped at varying 
intervals, it is necessary to reduce the corresponding figures to a 
common denominator. The ‘‘figure of use” (abbreviated ‘‘F. U.’’). 
therefore, is a figure which stands for the number of cattle dipped per 
100 gallons of bath (capacity of vat) per fortnight. 

The results afford the desired information most clearly and with 
sufficient accuracy when plotted. In the diagrams (figs. 1 and 2) 
the weeks during which each vat was in use are laid off horizontally, 
and the percentages of arsenious oxid, found by analysis, are laid off 
vertically. The large shaded circles where the lines begin to diverge 
indicate the points at which the vats were filled with entirely fresh 
bath; the small circles on the lines indicate the results actually obtained 
by analysis. The circles lying on the full lines indicate percentages 
of actual arsenious oxid; that is, arsenic in the form in which it was 

originally introduced. The circles lying on the broken lines indicate 
percentages of ‘‘total arsenious oxid,” which includes all the arse- 
nious oxid present, whether in its original condition or after under- 
going oxidation to arsenic oxid. 

! Seo Department of Agriculture Bulletin 76. 
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The vats were subject to all the vicissitudes of ordinary use. They 
sometimes lost water through evaporation and sometimes gained it 
through entrance of rain water. The inspectors in charge added 
water, chemicals, or both, whenever in their judgment the strength 
or volumes of the baths needed correction. Naturally, therefore, 
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Fig. 1.—Diagram (vats A to F) showing changes in oxidation of arsenic in dipping baths. 

the straight course of either the full or broken lines connecting each 
two consecutive circles does not mean that the composition of the 
dip changed gradually from point to point. The lines are introduced 
merely to guide the eye from one circle to the next. 
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The diagrams show, first, that all vats tend to become oxidized im- 
mediately or shortly after they have been put into use. This tendency 
may persist indefinitely, and the lines may thus spread farther and 
farther apart. Or, secondly, in some cases after a certain period of 
use, the first tendency to become oxidized may become diminished or 
overbalanced by a tendency in the opposite direction, so that the lines 
thereafter remain parallel or even converge. In a general way the 
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Fig. 2.—Diagram (vats G to I) showing changes in oxidation of arsenic in dipping baths. 

size of the figure of use (the diagrams for 1913 are purposely arranged 

in the descending order of the average figures of use of the vats) evi- 
dently measures the ake y with which the first stage, that of 
oxidation, progresses, and also the rapidity with which the second 

stage, that of reduction, first appears and the extent to which it 

thereafter inhibits or overcomes the original tendency to oxidation. 
Unfortunately, through failure of the field agents of the bureau to 
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send samples, many of this set of experiments were discontinued 
at just about the time when the second stage probably had been 
reached, but the phencmenon will be better illustrated in the series 
of experiments in 1914. 

In explaining the occurrence of the second stage in the history of 
the vats which show it, it is not enough to say that the considerable 
degree of usage to which the vats were subjected and the consequent 
copious renewal with fresh bath allowed no time for the arsenic to 
become largely oxidized before it had been carried out by the cattle, 
for in several cases it is very plam that the lines tend to converge 
under a figure of use that is no greater but even decidedly less than 
the figure of use under which they had previously diverged, a fact 
explicable only by the existence in the former case of some agent 
which positively prevents oxidation. During the examination of 
samples from vat A, it happened several times that the field test made 
at the vat by the field agent of the bureau would be reported as 
showing a figure for actual arsenious oxid decidedly lower than the 
figure obtained through laboratory analysis, while in some such cases 
laboratory analysis showed no difference at all between the results 
for actual and total arsenious oxid; that is, the bath appeared to 
be entirely unoxidized. While the laboratory was puzzling over 
this annoying phenomenon and contemplating active steps to inves- 
tigate the cause, the previously noted article by Laws came to its 
attention. If Laws’s conjecture of the action of reducing bacteria is 
correct, then it was possible that in the case of these doubtful sam- 
ples the analyses of the field agent and the laboratory were in fact 
both correct; that is, the composition of the sample had changed en 
route. Therefore, laboratory experiments were undertaken to deter- 
mine the truth of Laws’s conjecture, which was not supported by any 
direct experimental evidence. At thesame time it seemed desirable 
also to run some experiments on oxidation. 

LABORATORY EXPERIMENTS. 

The plan of investigation was simple. Strong stock solutions of 
sodium arsenite and sodium arsenate were prepared by boiling the 
corresponding oxids of arsenic with sodium carbonate in amounts 
proportionate to the regular bath formula. Nutrient broth was 
prepared according to the formula, 5 grams solid meat extract, 10 
grams Witte’s peptone, and 2} grams sodium chlorid per liter, but 
sterilization appeared unnecessary for the work in view. For the 
tests the stock arsenic solutions were diluted, mixed with broth 
(about 30 per cent of the final volume), antiseptic added if desired, 
and the mixture inoculated with a portion of used dipping-bath 
from the field. No tar was added. The freshly made mixtures 
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_were analyzed for arsenic in its two forms and were then left at room 
temperature for varying lengths of time, after which they were again 
analyzed. Some tests were carried on in open vessels (beakers) and 

in these the liquid was kept up to its original level or weight by daily 
additions of water to replace loss by evaporation. 

The following detailed experiments are selected as typical from the 
considerable number actually performed. 

Experiment 1.—To determine possible influence of high initial 
percentages of actual arsenious oxid upon oxidation. Total initial 
volumes, 250 c. ¢., containing 10 c. ¢. used bath as inoculum. Carried 

out in open 800 c. ¢. beakers, replacing loss by evaporation. 

TaBLe 1.—Influence of high initial percentages of actual arsenious oxid upon oxidation. 

Per cent actual AssO3 by analysis. 

No. of test. 

| Original. | 10 days. | 20 days. | 30 days. 

Ee cnet 5as derek cao dene oe Monee s DS SO BEBE a peoebeeecc Jaateses | 0. 200 0. 184 | ONO 23 | RaSa tee ee 
On eo race ecins 3405 Bee SE BER EE SE Bee er en tet aie ie I carer . 240 | . 234 | . 068 0. O01 
be 52-552 2be- be eae sees ereeeae SP ete clea cisi2 ,~/nys 2h. eS 278 - 276 | . 138 . 002 
7-2: 33) Use Boe SOE Se ees ae nesses See eta . 316 -312 - 146 . 002 
Gactencesseeae ace pO Sees Seco e SE OSE Eee eee seE asa Sotbones . 356 . 340 - 176 - 002 
Dnt tected: Lette get Jee Bees coche Ss 5 ce ae eens < cse rc . 394 . 362 . 232 - 002 

Experiment 2.—To determine possible influence of high initial 
percentages of total arsenious oxid upon oxidation. Total initial 
volumes, 250 ¢. c., containing identical initial amounts of actual 
arsenious oxid, but varying amounts of arsenic oxid. Inoculated 
and carried out similarly to experiment 1. 

TasLe 2.—Influence of high initial percentages of total arsenious oxid upon oxidation. 

Per cent actual AseO3 by analysis. 
| Per cent 

No. of test. , total Tae 

| As20s. | Original. | 10 days. | 20 days. | 30 days. 

eet a ve cine op 5 20 ol 0.204} 0.084 | OMLGS yO 01S he, sues 
en chy, COL ERP ak oe eS es 244 O84 | . 226 017 0. 001 
ee ae Recipe i Sie | 284 084 | 261 129 002 
PIE oe Pe fotac ts Aeon e once ane Ato Wiecckicceecase | 324 084 307 179 002 
ee a oe nisin e o/h id. mop ocini = ofe)are die cin '= ein c'e'o.2 =i] 364 O84 | 314 183 002 
ee rere EVE SURE SUE ei als lot 404 084 | . 316 189 001 

Experiment 3.—To determine the rapidity with which reduction 
may progress. Solution contained no actual As,O, except that 
introduced in the used bath employed for inoculation, of which 10 
per cent of final volume was added, Solution contained 0.242 per 
cent total arsenious oxid. A portion (test a) was placed in an entirely 
filed, tightly stoppered bottle, and another portion (test b) left 
open to the air as in experiments | and 2. 
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TaBLE 3.—Showing rapidity of reduction. 

Per cent actual As:O3 by analysis. 

No. of test. 

Original. | 2 days. | 11 days. | 26 days. 

Ei GRIGG) oh a aae ce sdacrare ude SosneBeE omBoSs Homes oaD ade Aes Sonn 0.021 ORS tSS a agora. c|soooocmace 
19 (OAM) soa sscaccob cose sgsesboooogesocooossuguSeEsoCosscsosoRes - 021 - 183 0. 142 0. 002 

From a consideration of the results of experiments 1, 2, and 3, we 
may derive the following conclusions: 

i. No amount of arsenic which can reasonably be used in a dipping 
bath is sufficient notably to retard the rate of oxidation or of reduc- 
tion, though naturally a longer time is required for the complete 
oxidation of a large amount of arsenic than for a small amount. 

2. Under conditions favorable to reduction the action may progress 
with extraordinary rapidity, far overbalancing any simultaneous 
opposing action of oxidizing organisms. But in such cases the reduc- 
ing organisms comparatively soon exhaust either their vitality or 
the medium and thereafter are unable successfully to oppose the 
slow but persistent action of the oxidizing organisms. 

One must proceed very cautiously in transferring any conclusions 
drawn from such laboratory experiments to the far different condi- 
tions which prevail in actual dipping baths in the field. None the 
less, taking all available data from field and laboratory into con- 
sideration, it is believed that a fairly accurate picture may now be 
drawn of the conditions which prevail in dipping baths in actual use. 
Suppose a vat to have been thoroughly cleaned and then charged 
with freshly prepared bath. Ail the arsenic will exist in the form of 
sodium arsenite and, if the bath be not used for dipping, will remain 
in that form except for a comparatively unimportant oxidation 
through purely chemical agencies. But as soon as the bath is used 
for dipping three additions are made to it: (1) oxidizing organisms; 
(2) reducing organisms; (3) nutrient matter upon which one or both 
of the varieties of microorganisms can subsist. At first, of course, 
.the number of organisms are few and the nutriment is scanty. Under 
these conditions the reducing organisms do not thrive, but the oxi- 
dizing organisms are able to grow to a certain extent, and thus are 
able slowly to oxidize the bath. As further dipping is done in the 
vat, the bath becomes richer in nutrient matter, so that the oxidizing 
organisms flourish correspondingly and oxidize the arsenie with 
increasing rapidity. But after a time, if dipping is done in sufficient 
amount and at short intervals, the bath becomes so rich in nutrient 
matter that it finally forms a favorable medium for the growth of 
the reducing organisms, which then begin to flourish and appreciably 
to counteract the action of the oxidizing organisms. We thereafter 
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have two fully developed opposing forces in the vat—one tending to 
oxidize the arsenic, the other to reduce it. Which agency will gain 
the ascendency at any given time will depend chiefly on the quantity 
and frequency with which cattle are being put through the bath. 
Frequent and abundant use of a bath will favor reduction; limited 
and infrequent use will favor. oxidation. The oxidizing organisms 
must be conceived as working slowly but steadily and persistently 
under all conditions of use; the reducing organisms may work very 
rapidly when they work at all,-but they work only spasmodically 
during ordinarily brief periods when the bath happens to be suffi- 
ciently rich in nutrient matter. 

The next series of experiments were upon the effectiveness of cer- 
tain antiseptics against the activity of both reducing and oxidizing 
organisms, with the doubie purpose of finding (1) a reliable means 
for preserving samples for analysis after removal from the vat and 
(2) a practical means of preserving the bath in the vat. 

Experiment 4.—To determine if a layer of oil floated over the sur- 
face of the bath during periods of disuse would prevent oxidation. 
Mixture made in the usual way, placed in beakers, and covered with 
layers of oil of approximate thicknesses noted below. 

TaBLe 4.—Effect on oxidation of oil floated over surface of bath. 

Per cent actual AssO3 by 
e analysis. 

No. of test. 

Original. | 6 days. | 10 days. 

CEL TDS ee 8 BSR ae ee ee 212 ee 0. 255 0. 185 0. 008 
Ra MERe PAE AINITU OU) Sr ee esc ee aN lo p-ie=- 2 = eos ee eee eee ee 255 219 219 
CuMAPpERPEATEE SD ESAEAATINE OL) 195 )3/o 5 7 EAE NEw cin aio -0.n 20. =| xia sa Ree eee eae 255 - 204 - 009 
EMOID ee re ae oe ocr a este nc ein ev 2c es 22 se oN Ee poe riaue | pie eeeeecoos -013 
SECRETE ECOEOISOTION 5c Sette IN sie Aaya ao Scie a Swiss ona Sue ee ee ee SOA eeereretefe erate - 033 

Experiment 5.—On the efficacy of cresylic acid as an antiseptic 
against oxidation. Mixtures made in the usual way, certain pro- 
portions of cresol being added in the form of liquor cresolis compositus, 

TABLE 5.—Effect of cresylic acid as an antiseptic against oxidation. 

Per cent actual AssO3 by 
analysis. 

No. of test. oe! aye cetnegs sities 

| Original. | 6 days. | 10 days. 
| 

PMR Ute tel weet Oe b's hae ie o dveclanlie ls bd. cass aeeeeeme: rdey seca 0. 201 ONO27F ecces ete 
RRIMEMSEM CORE CORONOLY  opog ohae cwer wiaid'a acm aie 0.0.0'0 oe « See Pe ie sco, 201 . 106 0. 006 
OGO.02 per Cent cresol) . oc 0. ccc ccccceccscccace erro... cube: Seen . 201 - 146 . 008 
ERRNO EOIY CLOMOLY A ns ay ino Sina ns ic. 2 aia ae vi v,0 5'e BT niece 201 183 . 180, 
SIRE PC TICE CLOMDLY a oivet te acviaact cele send > os -7 0 ateae oconanit es 201 . 185 181 
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Experiment 6.—On the efficacy of formaldehyde solution, U.S.P., 
as a preservative against oxidation. Carried out in open 300 ¢. e. 
Erlenmeyer fiasks, earlier experiments having shown that working 
in open beakers led to misleading results owing to loss of iormalde- 
hyde by evaporation. Mixtures made and managed in usual way. 

TaBLe 6.—LHffect of formaldehyde solution as preservative against oxidation. fect of i 

Per cent actual As203 by 
analysis. 

No. of test. 

Original. | 28 days. | 71 days 

@ (io formaldehy;de;solution)pi==2. ss eae aaa ne pe hoa | .0.205,|) 030056] a eeuemeee 
biG:4 pericentiformaldehy.de solution) =225-—--4-- eee eee eee eee eee ee 205 | . 197 0.005 
ei(06per/centiformaldehydeisolution) ss ss-- 5 eee eee eee ere ree eee - 205 | - 197 -191 
d (0.08 per cent formaldehyde solution)..........-..--.---.--------------- | BOLV GTM eee or a . 193 
€ (0.10 per cent formaldehyde solution) ......-..- 22232 Sees seas eee sees | J205)|2 eee bee . 192 

Expervment 7.—On the efficacy of formaldehyde solution, U.S.P., 
as a preservative against reduction. Mixtures made in usual way 
and kept in entirely filled and tightly closed bottles. The content 
of the mixture in total arsenious oxid was approximately 0.21 per 
cent, and no actual arsenious oxid was added except that introduced 
through the bath used to inoculate the mixture. 

TABLE 7.—Effect of formaldehyde solution as preservative against reduction. 

e 

Per cent actual As2O3 by analysis. 

No. of test. 

Original.| 5 days. | 12 days. | 18 days. 
ania i es | 

a) (mo formaldehydejsolution) 55.5. 264-52- =. oe eee 0.015 | 0:208: |. eee ES : seu ed 
b (0.02 per cent formaldehyde solution) -....-...........:-.---- .015 | - 013 0.013 0. 219 
fons per cent formaldehyde sclution).-.........../...-...:--- OIG eee - 013 - 210 

( 0.04 per cent formaldehyde solution)........-...--..---.---- G15 eveegaesainees pata. - 013 

From these series of laboratory experiments it may be concluded: 
(1) Flotation of a millimeter or so of paraffin oil upon the surface 

of dipping baths during periods of disuse may measurably retard 
oxidation. This it possibly does, not by forming a coating imper- 
meable to the oxygen of the air, for oxygen is notably absorbed by 
petroleum oils,’ but by retarding the rapidity of diffusion of oxygen 
into the bath underneath. Therefore oil might very possibly show 
to much better advantage in field experiments than in the above 
laboratory experiments, and doubtless deserves further study. Con- 
sideration must be given to the possibility of interference with thor- 
ough wetting of animals by a dip so treated and consequent failure 
to kill ticks, therefore the process should certainly not be used until 

1 Compare Comey’s “ Dictionary of Chemical Solubilities” and Seidell’s “Solubilities of Tnorganic and 

Organic Substances.” : 
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experiments which are not within the province of the writer have 
settled this pomt. It is of interest to note that a layer of oil will 
almost entirely prevent evaporation of water from the bath. 

(2) Cresylic acid in admissible amounts only partially inhibits the 
growth of oxidizing organisms, a conclusion borne out by practical 
experience with proprietary dips containing that substance. _ 

(3) Formaldehyde solution is a powerful and effective antiseptic 
against both classes of organisms, and inasmuch as it does not inter- 
fere with analytical methods for the determination of arsenic, it is 
appropriate as a preservative of samples of bath taken from a vat for 
chemical analysis, as recommended elsewhere by the writer.! 

Similar experiments were tried on some other antiseptics, espe- 
cially those which would not interfere with analytical estimations of 
arsenic. Nothing was found, however, which at all approached 
formaldehyde in effectiveness and general applicability. 

FIELD EXPERIMENTS OF 1914. 

The experiments of 1914 were directed toward determining the 
efficacy and practical applicability of formaldehyde as a preservative 
against oxidation of dipping baths in the vat. Three vats were 
selected which were expected to be closely comparable in degree of 
usage, etc. One of the vats received no addition of formaldehyde 
and thus served as a check. The samples taken from the vats were 
further treated with formaldehyde and shipped in sealed bottles, 
while methods of analysis ' had by this time been thoroughly worked 
out. The analytical results of this series of experiments were very 
accurate, but are nevertheless best presented in the form of dia- 
grams as in the case of the dipping experiments of 1913, no further 
explanation of the diagrams accordingly being necessary. 

The diagram for vat I is very characteristic. Vat K, up to the 
twentieth week, shows what had been expected (from unpublished 
data) might occur if too little formaldehyde were used, namely, that 
the reducing organisms are more sensitive to it than are the oxidizing 
organisms, so that too little formaldehyde is worse than none at all. 
Vat J, as well as vat K after the twentieth week, shows that a suffi- 
cient amount of formaldehyde does decidedly decrease the extent to 
which oxidation progresses, especially after the vat has been in use 
for a few weeks, but for the first four to six weeks formaldehyde 

seems to be practically without effect in modifying the rate of oxi- 
dation. This is precisely the period during which the fresh antiseptic 
should be most effective against the thinly sown and scantily nour- 
ished organisms. It can only be concluded that in recently prepared 
baths the notable oxidation which may occur is in fact not chiefly 
the result of bacterial growth but of purely chemical processes. In 

! Department of Agriculture Bulletin 76, 
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his first paper Briinnich + found that blowing air through solutions 
of sodium arsenite produced appreciable oxidation if pine tar or cer- 
tain other substances were present, and Cooper and Freak ? confirmed 
Briinnich’s observations. From the present experiments the power 
of tar to promote oxidation seems to be exhausted im a few weeks, 
and thereafter the progress of oxidation, in accordance with the con- 
clusions of Fuller, must be attributed to the growth of microorgan- 
isms. 

GENERAL CONCLUSIONS. 

The main conclusions already discussed in detail under the several 
series of experiments may be briefly summarized as follows: 

(1) All used arsenical dipping baths may be expected to contain 
(a) oxidizing organisms which work slowly, but steadily and persist- 
ently, and (6) reducing organisms which work very rapidly at times, 
but spasmodically. The reducing organisms exert an appreciable 
effect only in vats which are used at frequent intervals for dipping 
large numbers of cattle. The ordimary vat, used once a fortnight, 
is likely to show only a slow, steadily progressmg oxidation of the 
arsenic, and periodical analyses or tests? must be made if proper 
dipping strength is to be maintamed. 

(2) Formaldehyde solution (37 per cent), used m the proportion 
of 1 gallon to every 1,500 gallons (84 fluid ounces to 100 gallons) of 

liquid introduced into the vat, appears a safe and effective means for 
reducing oxidation to a low figure. But since there seems to be no 
evidence that under ordinary conditions oxidation is ever likely to 
progress so far as to result in the use of baths injurious to cattle, the 
question of the use of formaldehyde is purely economic. The writer 
believes that in most cases it will be cheaper to let some of the arsenic 
go to waste through oxidation. When the cost of a gallon of formal- 
dehyde about equals the cost of all the materials necessary to make 
500 gallons of dipping bath, there will probably be little financial 
gain either way, while there may be some real profit in its use through 
saving of labor in preparing dip and through the reduction of offensive 
odor from the bath by keeping it under antiseptic conditions. 

1 Australian Association for the Advancement of Science, 1909, vol. 12, p. 129. 

2 Journal of Agricultural Science, 1911, vol. 4, p. 177. 

3 Department of Agriculture Bulletin 76. 
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In the evolution of civilization the dog was one of the most useful 

animals ever domesticated by man. In addition to his usefulness, 
other admirable qualities have endowed him with a certain senti- 
mental esteem as a pet. The part the dog plays as a carrier of dis- 
ease, however, has only recently been recognized, and his status has 

not yet been changed to satisfy modern hygienic precautions or even 
to meet altered conditions of life in cities. 

Whether in the city or in the country, the dog is commonly allowed 
a degree of freedom which is approached only by that of the less 
social and consequently less dangerous cat. Liberties which we do 
not allow our horses, cattle, children, or selves are extended by many 
persons to their dogs. They are permitted to run unquestioned over 
lawns or farms, to plant bones in flower beds, to litter up porches and 
walks with trash and filth, to lick the faces of children, to wipe their 
muddy paws on strangers’ clothing, to go unmuzzled when rabies 
with its terrible agony and attendant death is abroad, and to roam 

afield at nights and run sheep to death. 

Nore.-This bulletin points out the increasing damage done by the stray and uncared- 

for dog as a carrier of parasites and disease germs harmful to both man and live stock, 

and is especially intended for the use of physicians, veterinarians, and health officers. 

94288°—Bull, 260—15——-1 
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As has been said, the dog himself has many delightful and useful 
qualities. It is our thoughtless tolerance of his present unwar- 
ranted liberty and license that permits this survivor of the days 
when the dog was man’s faithful and valuable ally against the rest of 
the animal world to become a pest and a danger. There is a growing 
conviction that while his innate qualities and the fund of affectionate 
sentiment which attaches to him warrant the preservation of the dog 
with a responsible owner who will keep him clean and free from 
vermin of all sorts, hold him within reasonable bounds and restraint, 

and assume responsibility for his acts, on the other hand, the owner- 
less dog, the dog which carries vermin and disease, the dog which 
kills sheep or destroys property of any sort, the trespasser—these 
dogs must be eliminated. 

The case against the unrestricted dog is based on two counts—that 
he is a nuisance and that he is dangerous. 

That most dogs are allowed too many liberties and too much 
familiarity with people is a matter of common knowledge. Trans- 

gressions on the part of dogs range from simple trespass to the habit 
of biting without provocation and to the wanton killing of sheep.t 
The direct monetary damage done by unrestricted dogs, while great, 

is even less important than the indirect harm they work as carriers of 
disease. It is the purpose of this paper to show how improperly- 
cared-for dogs act as agents in the spread of diseases, particularly 

parasitic diseases, affecting man and live stock. 

DISEASES AND PARASITES CARRIED BY THE DOG. 

Dogs probably play a part in the spread of diseases due to fungi, 
such as ringworm and favus, and are sometimes important carriers of 
bacterial and filterable-virus infections. In the recent outbreak of 
foot-and-mouth disease, it was determined beyond any reasonable 
doubt that dogs were responsible in some instances for the spread 
of the disease, not only from one farm to another, but from one State 

to another. The dog is of primary importance and in many instances 
the sole carrier in the case of many dangerous and even deadly animal 
parasites of man and the domestic animals, and is especially notorious 
as the carrier of rabies. Some of these parasites depend so absolutely 
on dogs as carriers during certain stages of their life history that they 
would probably or certainly become extinct if dogs were not avail- 
able as hosts. The long list of important diseases and parasites which 
are conveyed by the dog to man and the domestic animals and which 
are present in this country is as follows: Rabies in man and stock; 
hydatid in man and stock; gid in stock (and possibly in man also) ; 

+See Farmers’ Bulletin 652, ‘“‘ The Sheep-Killing Dog.” 
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muscular cysticercosis, or so-called “measles,” in sheep; muscular 
cysticercosis, or “ measles,” in reindeer; cysticercosis of the liver and 
mesenteries in stock; tapeworm in man, especially in children; round- 
worm in man; tongueworm in man and stock; and fleas and ticks’ 

which transfer from the dog to man and which may in this way 
transmit disease and parasites. The above list is sufficient to show 
that the dog is of major importance as a carrier of parasites danger- 
ous to man and domestic animals. An elaboration of the list follows. 

RABIES. 

Tt has been known for over 2,000 years that what are called mad 
dogs, those affected with the disease termed rabies, hydrophobia, or 
lyssa, could transmit this disease to stock and to man by biting them. 
For 2,060 years the disease has been reported in sporadic and epidemic 
outbreaks. It is now recognized as a widespread, acute, infectious dis- 
ease of the central nervous system, characterized by extreme nervous 

excitability. It is a disease which, if untreated, leads to a certain 

death of the most horrible and agonizing sort. It owes its wide dis- 
tribution and its very existence almost exclusively to the dog. The 
disease may manifest itself in dogs or other animals under the form of 
dumb rabies or furious rabies. In dogs there is commonly evidence of 
depraved appetite, the dog eating sticks, leather, and stones, and the 

finding of such things in the stomach is a suspicious indication of pos- 
sible rabies. There is a partial or complete paralysis of the throat, and 
the resultant difficulty in drinking is the basis of the erroneous idea 
that the mad dog is afraid of water. Asa matter of fact, such dogs 
are often very eager for water but are unable to swallow it. The 
disease seems to have some specific effect on the centers controlling 
biting, the feature on which transmission of the disease depends, and 
not only dogs but such animals as the horse show a tendency to bite 
when affected with rabies. The disease is suspected of being due to a 
parasitic protozoan, though as yet too little is known regarding this 
to warrant a definite statement. An examination of the brain of 
rabid animals shows certain cell inclusions known as Negri bodies 
(fig. 1), the nature of which is not at present well known. 

It has been pointed out in a previous publication’ of the United 
States Bureau of Animal Industry that rabies is becoming increas- 
ingly prevalent in the United States. That publication cites the fact 
that the New York Pasteur Institute had treated 1,608 cases of hy- 

drophobia during the first 11 years of its existence, up to 1901. 

The Chicago Pasteur Institute, established at about the same time as 

1 Rabies and its increasing prevalence. By George H. Hart. Bureau of Animal Indus- 

try Circular 129. Washington, 1908, 
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the New York Institute, had treated 3,010 persons for hydrophobia 
during the first 17 years of its existence, up to 1907. The Baitimore 
Pasteur Institute had treated over 1,000 cases up to 1908. Many 
more such figures could be cited for the numerous other Pasteur 

Fic. 1.—a, b, Nerve cells of the brain, showing Negri bodies, a diagnostic factor in rabies. 

1, cytoplasm of cell; 2, nucleus of cell; 3, nucleolus of cell; 4, Negri body in cytoplasm 

of cell. (After Hart.) 

institutes in this country. In 1908, 111 deaths of persons from 
rabies were reported in the United States, and owing to our inade- 
quate statistical methods we have nothing like exact data in regard 
to the extent and distribution of the disease or the number of cases 
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and deaths. In 1911, according to Stimson,! there were 94 fatal 
cases In man, a decrease from the figures for 1908, which is probably 
due largely to the fact that in 1911 there were 4,625 persons treated 
for rabies in this country. Mohler? states that there are only three 
States in the Union—Idaho, Utah, and Nevada—from which it has 
been impossible to obtain positive information to the effect that cases 
of rabies have been found in them. The disease has since been 
reported from Idaho and Nevada. 

Rabies is an easily preventable disease. In the present state of our 
knowledge as to its mode of transmission, there is no reason for its 
continued existence. It may be prevented and in time eradicated by 
simply muzzling dogs for a sufficient period ‘to allow the disease to die 
out. Such a minor restraint on the dog as muzzling was sufficient to 
eradicate rabies from England. The first case since 1902 has just been 
reported in the spring of 1915, and this case occurred in a dog that was 

being held in the six months’ quarantine which is enforced on ali dogs 
brought into that country to prevent the disease being reintroduced. 
Australia and New Zealand have never had any cases of rabies, and 
a system of quarantine and inspection is provided to prevent its intro- 
duction. It has been practically or completely eradicated from 
Sweden, Norway, and Denmark by rigid enforcement of muzzling 
ordinances. 

HYDATID. 

Hydatid disease occurs in man, cattle, sheep, horses, hogs, and 
numerous other animals. It is caused by the presence of the so- 
called hydatid (technically known as Echinococcus polymorphus, 
Echinococcus granulosus, Echinococcus multilocularis, etc.) in such 

tissues as the liver, kidney, muscles, brain, lungs, ete. The hydatid 

is a bladder worm or larval tapeworm (fig. 2), and is characterized 
by its thick laminated cyst wall. The original bladder frequently 
develops daughter bladders on the inside or on the outside, and in 
these or the original bladder there develop brood capsules containing 
tapeworm heads. There are probably two species of hydatid, though 
they are commonly considered a single species. The bladder worms 
are often as large as an orange and may be as large as a child’s head. 
Growth and the formation of daughter bladders may go on for an 
indefinite period. There have been cases in which hydatids have 
existed in man as long as 30 years before the death of the patient 
finally ensued. Their presence in the body causes various forms of 

1 Rabies in the United States during the year 1911. sy A. M. Stimson. Public Mealth 

Reports, vol. 27 (28), July 12, 1912, pp. 1098-1101. 

“Rabies or hydrophobla. By John R. Mohler. Warmers’ Bulletin 449. Washington, 

1911. 
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hydatid disease, depending on the location of the parasite. The 
effects are very serious and the prognosis is always grave. <A con- 
servative estimate gives a death rate of 13.6 per cent of the persons 
infected (Vegas and Cranwell). The growth of the bladder gives 
rise to various troubles as a result of pressure, obstruction, perfora- 
tion of important organs, necrosis of tissue, liberation of poisonous 
products, secondary bacterial infections, rupture of the hydatid, and 
secondary hydatid infestation following rupture of the cyst. It is 
commonly necessary to resort to surgical interference for the re- 
moval of the hydatid. Operation is often very difficult and may 
have to be repeated, owing to the presence of small external daughter 
bladders which are easily overlooked or incapable of detection. A 

Fic. 2.—Portion of a hog’s liver infested with hydatid bladderworm (Hchinococeus 

granulosus). Natural size (after Stiles). 

case has been recently recorded where the patient had to be operated 
on four times before the recurrence due to daughter bladders had 
ceased. 

In the lower animals hydatids are probably less often a cause of 
death, owing to the slow growth of the parasite and the fact that 
the affected animals are likely to be slaughtered before sufficient time 
has elapsed for the parasite to become a menace to the life of the 
animal. 

If brood capsules containing the tapeworm heads are eaten by 
dogs—a thing which is apt to occur on farms where the viscera of 

slaughtered animals, especially when they appear unwholesome, as 
they would in hydatid disease, are thrown out on the fields or fed to 
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dogs—these tapeworm heads pass uninjured to the intestine of the 
dog and give rise to numerous very small segmented tapeworms, 
Tenia echinococcus (fig. 3). The dog is practically the only carrier 
of this tapeworm. The tapeworm attains a length of only about half 
a centimeter (three-sixteenths of an inch) and consists of a head and 
three segments. ‘Fhe sexual organs develop in the second segment 
and eggs are present in the third segment. These eggs pass out 
in the feces of the dog and infect pasture, soil, and water. They 
are spread broadcast on grass, in drinking water, on products in- 
tended for human food, on children’s toys, and on all sorts of objects 
in places frequented by the dog. The rooting habit of the hog 
predisposes it to hydatid disease, as it is extremely likely to swal- 
low some of these eggs in feeding if there is a 
dog with the hydatid tapeworm anywhere around. 
But even the most careful persons have no assur- 
ance of safety where there are such dogs. Eggs 
from the feces of these dogs may wash consid- 
erable distances and ultimately land on lettuce, 
radishes, or other vegetables. They may get on 
the hand from contaminated tools or farm im- 
plements, or from the dog’s skin. Persons who 
allow dogs to lick their hands or faces run the 
risk of acquiring and ingesting the eggs of this 
tapeworm. When such eggs, which are, of course, 

too small to be seen with the naked eye, are in- 

gested by man or animals, the shell digests off 
and releases a small embryo armed with six hooks. 
By means of these hooks the embryo bores its Be Bree eee 
way through the wall of the stomach or intestine — echinococcus), the 

and into the blood current. Here it is swept a. ee: 
around till it lodges. At the point of lodgment oz »dog. Enlarged 
the embryo starts to develop into the hydatid or —‘(fter_Leuckart). 
bladder worm already noted. The parasite must always be trans- 
mitted from the dog to other animals by the ingestion of the egg 
from the tapeworm in the dog, and from other animals back to the 
dog by the dog eating diseased carcasses or parts of carcasses. It 
ean not be transmitted in the form of the hydatid from an infected 
animal to another animal nor in the form of the tapeworm from one 
dog to another. 

Prevention depends in part on a proper handling of slaughtered 

animals and of those dying from any cause. An obvious aid in pre- 
venting this disease would be to destroy diseased portions of animals 
slaughtered for food or for any reason. This is best accomplished at 
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our large packing houses where such diseased portions are tanked at 
temperatures which insure the destruction of all parasites of any sort. 
On the farm it may be accomplished by boiling any viscera before 
feeding them to dogs or other animals. The viscera should never 
be thrown out on the fields. The practice is objectionable of itself; 
it furnishes a breeding place for flies and is in every respect insani- 
tary and improper. Viscera and carcasses, if not cooked and fed, 
should be burned, buried with lime, or disposed of in such a manner 
that they can not be devoured by dogs. 
An additional method of preventing hydatid disease, and the one 

that should be emphasized here, is for the owners of dogs to keep 
them up, and to have stray dogs disposed of by the proper authorities. 
A person should have substantially the same supervision of his dog’s 
food, for his own sake and for the sake of the dog, that he has of his 
children’s food. It is dangerous as well as unwholesome to allow dogs 
to forage for a living. A man who does not properly feed his dogs 
has a poor claim to their care and ownership. Dogs should be kept 
out of human habitations and treated in general with more regard to 
their possibilities as disease carriers. 
Hydatid disease is fairly common in Europe. It is quite common in 

Iceland, India, Eastern Siberia, Algeria, Tunis, Australia, and some 

South American countries. It has been permitted to assume the pro- 
portions of a serious menace in Australia, and 3,000 cases of hydatid 
disease in human beings were reported from there between the years 
1861 and 1882. In at least two South American countries hydatids 
are so common that the sanitary authorities have issued illustrated 
placards warning against the disease. 

Over 240 cases of hydatid in man have been recorded from the 
United States up to 1902. Over most of the United States hydatids 
are comparatively infrequent in domestic animals, but they are not 
so rare that they are curiosities to meat inspectors. Numerous con- 
demnations of organs and parts of carcasses are reported every year 
from the various meat-packing establishments under Federal inspec- 
tion. Some recent abattoir figures show an alarming prevalence of 
this disease in domestic animals in some parts of this country, notably 

in certain localities in Virginia, Arkansas, and Oklahoma; and the 

prevalence of hydatids in domestic animals is an index of the danger 
to which people are exposed. It is, moreover, desirable that we apply 

preventive measures before a larger list of cases in man makes both 
curative and preventive measures imperative. The bare fact that 
hydatids occur at all in the United States is of itself a cogent argu- 
ment for the suppression of the dog nuisance as a measure necessary 
for the public welfare. 
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GID. 

Gid disease, like hydatid disease, is due to the presence of a blad- 
der worm, or larval tapeworm, in the tissues. The bladder worm 

(known as Iulticeps multiceps or Cenurus cerebralis) (fig. 4) which 
causes gid resembles the hydatid bladder worm in that one bladder 
worm may produce large numbers of tapeworm heads, and the tape- 

worms resulting from these heads occur in the intestines of dogs, 
as in the case of the hydatid tapeworm. The bladder worm caus- 
ing gid differs from the hydatid in that it has a thin, delicate, 
membranous wall in- 
stead of a thick lam- 
inated wall; it does 
not produce daughter 

cysts as the hydatid 
does, and it occurs 
only in the brain 
and spinal cord in- 
stead of in any tis- 
sue. The adult tape- 
worm in the dog, 
commonly known as 
Tenia cenurus (fig. 
5) attains a length 
of 2 or 3 feet instead 
of a small fraction of 
an inch. 

Gid is principally 
a disease of sheep, 
though it is fairly 
common in cattle and 

there are some cases yc, 4.—Brain of giddy sheep, showing gid parasite, a, Gid 
from the horse and parasite or bladder worm; 6b, heads on bladder worm. 

the x t In 19102 (After Numan, 1850, Pl. I, fig. 1.) 

Jat. b 

the writer stated that there were no valid cases of the disease in 

man. Since then Brumpt? has published one case which apparently 
must be accepted as a good case. 
The life history of the gid parasite is practically the same as that 

of the hydatid. The gid bladder worm is called a conurus. When 
this ceenurus is eaten by a dog, the tapeworm heads on the conurus 

*The gid parasite and allied species of the cestode genus Multiceps. I. Wistorical 

review. By Maurice C. Hall. Bureau of Animal Industry Bulletin 125, pt. 1. 

2Précis de parasitologie, 2d ed., pp. 281-283. 1913. 

94288°—Bull. 260—15 2 
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may attain a length of 2 or 3 feet. In the terminal segments are 
eggs, and these segments with the contained eggs pass out in the 
feces of the dog and contaminate vegetation, soil, and water. Such 
herbivorous animals as sheep, which graze over range or pasture 
contaminated in this way, pick up these eggs as they feed and swal- 
low them. In the stomach of the sheep the shell is digested and 
the small, hooked embryo released. The embryo bores its way 
through the wall of the digestive tract and into the blood vessels 

and is carried around until it lodges 
aN somewhere. Embryos which do not 
| . lodge in the central nervous system 

start to grow, but very soon perish. 
Very commonly, however, the para- 
site makes its way to the central 
nervous system, lodging as a rule in 
the brain, though it occasionally oc- 
curs in the spinal cord. In the brain 

the embryo grows to form the blad- 
der worm or ccenurus, and this may 

attain the size of an egg, or even a 
larger size. As it grows it presses 
upon the adjacent portion of the 
brain and destroys it. The pressure 
and the irritation, due to the hooks 
with which the tapeworm heads of 
the ceenurus are provided, cause very 
distinctive symptoms, the sheep com- 
monly holding its head in an odd 
position and walking in a circle 
toward one side or the other. Un- 
less the coenurus is removed by oper- 

fo ation the sheep invariably dies. 
When the brain of such a sheep is 

Fic. 5.—Adult gid tapeworm from the 

dog. Natural size. (Specimen No, eaten by dogs—and dogs very read- 

4031, Bureau of Animal Industry “ily eat the brains of sheep by licking 
helminthological collection.) 3 them out through the large opening 

at the base of the skull—the coenurus is ingested with the brains 
and the tapeworm heads pass to the intestines of the dog and give 
rise to the adult tapeworms. As in the case of the hydatid, the gid 

parasite must always be transmitted from the dog to other animals 
which eat the eggs from the dog tapeworm, and from the other ani- 

mals to the dog by the dog eating the brain or at least the coenurus 
from the brain of a giddy animal. 

Fr ar Ee EI EEBCD Le EV Ege bs eeatbecis ats Soca 
cr y foe he: FT 
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One preventive measure for suppressing gid is, of course, to destroy 
the brains and the ccenuri of giddy animals, which can be done by 
burning them or by breaking the skull and covering the brain with 
formaldehyde, sheep dip, or some similar substance. Another meas- 
ure is to administer a vermifuge to sheep dogs and so rid them of 

their tapeworms, and to do this often enough to keep them free 
from tapeworms. But it is obviously of little avail to a sheepman 

to have his own dogs free of tapeworm if his neighbor’s dogs or 

ownerless dogs or strays of any sort are free to carry tapeworm 

onto his range or pasture and infect the grazing and thereby infect 
his sheep. From losses originating in this way he must be pro- 
tected by measures looking to the restraint of dogs that recognize 
an owner and the elimination of those that do not. 

Gid has been reported from several States in this country, but it 
is most prevalent in Montana, especially in the northern half of 
that State, where gid has had a foothold for a quarter of a century 

and where the losses for some years total about $10,000. There is 

evidence of the occurrence of gid in Arizona, and outbreaks have 
occurred in recent years in New York, Iowa, and Kansas. There 
have been reports, apparently correct, of its occurrence in Ohio, 
Illinois, Michigan, Missouri, Oklahoma, and Nevada. It is a con- 
stant source of loss in many European countries, and at various 
times has proved a veritable scourge to the sheep industry of these 
countries. 

CYSTICERCUS (MEASLES) IN SHEEP AND OTHER ANIMALS. 

Muscular cysticercosis (“measles”) in. sheep—The presence of 

smali bladder worms in mutton has recently been shown by Ransom 

to be much more common than had been suspected, and to be due to a 
tapeworm in the dog and not to a tapeworm of man as had been 
supposed. His investigations showed that under careful inspection 
the percentage of affected sheep in this country has amounted to 2 
per cent or more, and that approximately 20,000 sheep carcasses were 
retained in 1912 in abattoirs under Federal inspection on account of 
“sheep measles” due to this parasite. 

The bladder worm, Cysticercus ovis (fig. 6), in the meat of sheep 

is oval and ranges in size from about one-third of a centimeter (one- 

eighth of an inch) to almost a centimeter (three-eighths of an inch) 

in length. Inside of this bladder there is a single tapeworm head, 
in which respect, as well as in size, this cysticercus, as it is called, 

! Oysticercus ovis, the cause of tapeworm cysts in mutton. ty B. WW. Ransom. Journal 

of Agricultural Research, U. 8. Department of Agriculture, vol, 1, pp. 15-58, 1913. 
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differs from a hydatid or a cenurus. Numerous cysts, however, may 
be scattered through the musculature, so that in their numbers there 
is a compensation, so to speak, for their small size and lack of a mul- 

tiplicity of heads. Inasmuch as the presence of these cysts calls for 
condemnation of a part or all of the infested carcass, according to 
the degree of infestation, and the number of carcasses amounts to 
20,000 a year, this parasite has considerable economic interest for 

Fic, 6.— Bladder worm (Cysticercus ovis), a tapeworm cyst infesting the meat of sheep. 

(From Ransom.) 

this country, and never more than at the present time when the 

“high cost of living” is such a vital topic. 

When one of these cysticerci from mutton is ingested by a dog, 
the tapeworm head passes undigested to the dog’s intestine and 
develops into a fairly large tapeworm, comparable to the gid tape- 
worm. Similarly, this tapeworm, Tenia ovis (fig. 7), produces eggs 
which are passed out in the feces of the dog, and which are ingested 
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by sheep as they graze over range or pasture or drink water con- 
taminated by these feces. In the sheep the eggshell is digested, the 
released embryo bores through the tissues and comes to rest usually 

in the edible musculature, and the bladder worm develops to the 

cysticercus capable of again infecting the dog. In cases of heavy 
infestation sheep are liable to die in the course of two to three weeks, 
but as a rule the health is not perceptibly affected. Here, as in all 

similar cases, the parasite must pass from the dog to the sheep and 
from the sheep to the dog. 

Fic. 7.—Tapeworm (T7'enia ovis) developed by feeding bladder worm (Cysticercus ovis) 

to a dog. (Irom Ransom.) 

The parasite has been found in Europe, Africa, and New Zealand. 

It has been found thus far in seven States in this country. It appears 

to be particularly prevalent in the West, a fact that is possibly re- 

lated to carelessness on the part of the western sheepmen as regards 

the disposal of carcasses of sheep dying on the range. Such sheep 

are usually left lying where they die, a practice which aids in the 
spread and continuance of gid, and which serves the same purpose 

in the case of the “sheep measles” parasite that throwing diseased 

viscera of hogs onto the fields does in the case of the hydatid para 

site. The sheep dog is probably the principal carrier of the parasite, 
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so that neglect on the part of sheep owners is a leading reason for 
its prevalence. 

The prophylactic measures against “sheep measles” are essen- 
tially the same as those against gid and hydatid. Diseased portions 
of slaughtered sheep and dead sheep which have not been slaughtered 
should be cooked before being fed to dogs or else disposed of so that 
dogs can not eat them. Ownerless dogs should be destroyed and other 
dogs properly fed and kept free from tapeworm. 

Muscular cysticercosis (“measles”) in reindeer——This parasite 
deserves special mention in view of the possibility that the Alaskan 
reindeer may become important in connection with the meat supply 
of this country. A large percentage of these animals, which are 
rapidly increasing in numbers, are infested with a measle parasite 
apparently the same as the form known to be the 
intermediate stage of a dog tapeworm (Tenia 
krabbei). This is not only serious so far as con- 
cerns the reindeer industry, but the possibilty that 
the parasite may become established in other food 
animals is not altogether excluded, though prob- 
ably remote. Zwnia krabbei occurs in Europe and 
Asia and was likely introduced with the reindeer 
or dogs imported into Alaska, though the Alaskan 

Fig. 8.—Cysticercus form may be a native parasite already present in 
American reindeer and carnivores before the im- 

portation of the Old World animals. 
Cysticercosis of livers and mesenteries.—Cysti- 

cercosis, or the presence of cysticerci, or bladder 
worms, in the livers, mesenteries, and omentum or 

tenuicollis, the 

thin-necked blad- 

der worm from 

the body cavity of 

cattle, sheep, 

swine, etc. Natu- 

ral size (after 

Stiles). 

“fat caul,” is very common in cattle, sheep, and hogs 
throughout the United States. These bladder worms, Cysticercus 
tenuicollis (fig. 8), are usually 1 or 2 inches in diameter, and the 
cyst contains a single tapeworm head. The life history follows 
the same general plan that has been outlined for the preceding tape- 
worms. When such bladder worms, or viscera containing them, are 
eaten by dogs, the head contained in each cyst passes to the intestine 
and develops a tapeworm (Z'wnia hydatigena or Tenia marginata) 
(fig. 9) in the dog; the eggs produced by the tapeworm pass in the 
feces of the dog onto the vegetation or into the drinking water of 
cattle, sheep, and hogs; the eggs ingested by these animals in feeding 
or drinking release an embryo which makes its way, via the portal 
system, from the digestive tract to the liver; in the liver the embryo 
develops into a small bladder worm (Cysticercus tenuicollis) which 
after some time slips from the liver into the body cavity and lodges 
in the omentum or mesenteries, where it attains its final growth; the 
bladder worm may then be eaten by a dog, on the death of the host 
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animal in which the bladder worm oc- 
curred, and will give rise to a large tape- 
worm, which may attain a length of 5 

meters, or about 16 feet. 
Extensive burrowing of the parasites 

in the substance of the liver during the 
early period of the bladder-worm devel- 
opment may cause serious damage, and 
in cases of heavy infestation may result 
in the death of the animal. Bacterial in- 
fection may complicate the parasitic in- 
vasion. In the United States, flocks of 
sheep in which this parasite is not pres- 
ent are rare, and a high percentage of liv- 
ers, especially lamb livers, are condemned 
in abattoirs under Government inspection 
because of infestation with this parasite. 
Prevention calls for a proper disposal 

of the viscera of slaughtered animals 
with a view to keeping the viscera, un- 

less first properly cooked, away from 
dogs. It also calls for a routine tape- 
worm treatment for dogs, an adequate 

knowledge and supervision of the food 
and feeding habits of dogs, and the elim- 
ination of the dog without a responsible 
owner. 

TAPEWORMS, ROUNDWORMS, ETC. 

Double-pored tapeworm.—Of the nu- 
merous species of tapeworm occurring in 

the dog, many of them not mentioned in 

this paper because they do not have a 
larval stage or bladder worm in man or 

stock, one species may occur in man in 
the form of the adult tapeworm. This 
species, commonly known as the double- 

pored tapeworm (Dipylidium caninum), 
has a life history which follows the same 

general plan of alternation, from a tape- 

worm in the dog to a larval tapeworm 
in an intermediate host and back to 
the dog, that the tapeworms already 
mentioned follow. It is, however, pe- 

culiar in that the intermediate stage, 

Via. 9.—Tenia hydatigena, the 

adult tapeworm from the in- 

testine of the dog. Natural 

size (after Stiles). 
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or larval tapeworm, is very small and develops in the dog flea 
or louse instead of such an animal as the sheep. The flea or louse 
ingests the eggs of the tapeworm by biting the skin of the dog 
where it is contaminated by the feces of the animal or by soil 
containing eggs from the feces, or possibly by biting the tape- 
worm segments containing the eggs as these segments pass from 

the dog. Within the flea or louse the egg develops into a larval 
tapeworm, necessarily a very small larva, known as a cryptocystis. 
Owing to the pain and irritation resulting from the bites of these 
fleas and lice, the dog will from time to time root out the offenders 
and inadvertently or intentionally, as the case may be, swallow them. 
In the stomach of the dog the fleas and lice are digested and the little 
tapeworm larva set free to pass on to the intestine and develop into 
a tapeworm, which may attain a length of 35 centimeters, or about 
14 inches. 

When flea-infested or lousy dogs are allowed unwarranted privi- 
leges in the house, permitted to put their paws on the table during 
meals, to eat from the same dinner plates and saucers, to lick the 
baby’s face and the children’s candy, to sleep at the foot of a person’s 
bed or on a pillow near a person’s head, the chance of a flea landing 
unperceived in food that will hold and conceal the flea, the chance of 
its getting to the baby’s mouth or adhering to the sticky candy which 
the chiid eats with no regard to incidental contamination, is very 
good. Under such conditions the ingestion of fleas or lice infested 
with the larval tapeworm in question is likely to occur, and the result 
is the development of the adult tapeworm in the person ingesting 
them. This tapeworm has been found in children more frequently 
than in grown persons, in one case in a baby only two months old, but 
it has been found in an adult 38 years old. As many as 238 worms 
have been found in a single person. Up to date, 76 cases of this tape- 
worm in man, usually in children, have been reported, and a number 

of these are from the United States. 
The remedy here concerns the family dog rather than the stray. 

The dog should be treated like a dog, not like a person. The dog 
is an animal with its habits fixed by all the facts that arise from the 
one fact that it is a dog. The fact that a dog is not a person, that 
it is different from people, is important. The lack of hands compels 
the dog to use his tongue for a wash rag, but we are under no such 
necessity, and there is nothing in the situation that calls for our per- 
mitting our own or our neighbor’s dog to use the same tongue sub- 
sequently on our hands or face. It is an absurdity to ask that the 
cook and the table service be clean and then allow a dog to put his 
feet on the table, to sniff at the food, to lick the hand or face, and to 
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do the dozens of other dangerous and improper things that some dogs 
are allowed to do. 

The presence of one or a few of these tapeworms in man probably 
occasions very little inconvenience as a rule.. At the same time the 
tapeworm has an unpleasant habit of burrowing through the intesti- 
nal mucosa, thereby destroying its integrity and exposing it to the 
attack of any pathogenic germs that may be present in the intestine. 
The same burrowing habit makes it difficult to remove successfully 
the entire worm with the head, and a failure to remove the head, 
owing to its being buried in the mucous lining of the intestine, results 
in the subsequent development of new tapeworm segments from the 
head and a renewal of infection. At its best, a tapeworm is a thing 
unpleasant to contemplate as an inhabitant of our intestines. The 
presence of the tapeworm under discussion here is, moreover, 
evidence of careless or unclean habits on the part of the person 
infested. 

Prevention requires that the unwarranted liberties and freedom of 

the dog be curtailed; that he be kept free not only from tapeworm 
but from such external parasites as fleas and lice. The accomplish- 
ment of the latter measure calls for keeping a dog clean and restrain- 
ing him so that he will not be allowed to run at large with vagrant 
flea-infested and lousy dogs. 
Roundworm.— Among the other parasites of the dog there is a 

nematode or roundworm, scientifically known as J’oxascaris limbata, 
which, like the tapeworm just mentioned, may occur in man in the 

same form in which it occurs in the dog. 'This worm does not have 

an intermediate stage in another animal, but is conveyed directly 
through the eggs produced by the female worm, which eggs normally 
convey the infection from a dog back to the same or another dog, 
either in contaminated food or water or as the result of the con- 

tamination of the skin and the subsequent cleansing of the skin by 
means of the tongue. 

Under the conditions of unwarranted association and familiarity 
with dogs already mentioned, eggs of this parasite and of an allied 

parasite in the cat may be ingested by man, and especially by chil- 
dren, and subsequently develop into the adult werm in the intestine. 
These worms may produce unpleasant results. The entire group of 

ascarids are notorious for their wandering habits. They not in- 
frequently travel to the stomach and produce vomiting, in the course 
of which the worms may be brought up. It is hardly necessary to 

say that the vomiting of worms 4 or 5 inches long is a distinctly 

unpleasant experience, and this is one of the least unpleasant results 
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of such infestation. Ascarids at times enter the appendix and cause 
appendicitis; they may perforate the intestine and cause peritonitis; 
they may come up the esophagus and get down the windpipe, with a 
resultant suffocation, or enter the eustachian tube of the ear. These 

are unusual cases for the most part, but they are dangers to be con- 

sidered. There are other unpleasant and dangerous features of 
ascarid infestation, and the uncomfortable certainty that their pres- 
ence is undoubtedly indicative of fecal contamination of food, drink, 
or ingesta of some sort. : 

The prophylaxis in this case, as in the case of the previously men- 
tioned worms, depends on keeping dogs free from worms and restrict- 
ing their privileges in the household and in their relationship to 
human beings. 

Fie. 10.—Head of a dog split in half to show three tongueworms (Lingua- 

tula rhinaria), a, in the nasal cavity. Reduced in size (after Colin). 

Tongueworm.—The tongueworm, Linguatula rhinaria (Linguatula 

serrata) (fig. 10), occurs in the adult stage in the nasal passages 
and frontal sinuses of the dog. It is light colored and shows an 
external, ringlike segmentation. The male may attain a length of 
20 millimeters (about three-fourths of an inch) and the female may 
attain a length of 100 millimeters (about 4 inches). The eggs de- 
posited by the female leave the nostrils of the dog in the catarrhal 
secretion occasioned by the presence of the parasite, some of them 
doubtless being sneezed out, and contaminate the vegetation on 
which they at times lodge. Such vegetation may be eaten by cattle, 
sheep, horses, or swine, or if the infested dog has access to a truck 

garden or a family vegetable garden, contaminated lettuce, cabbage, 
etc., may be eaten by man. When the eggs get to the stomach the 
shell is digested off, releasing a peculiar embryo which shows by its 
structure that these tongueworms are really related to the mites, a 
group of spiderlike animals. This embryo makes its way through 
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the walls of the intestine and encysts in the lungs, liver, kidney, 
lymphatic glands, etc., where it develops to the larval stage (fig. 11). 
Subsequently they break out of their cysts and resume their migra- 
tions, wandering through the tissues, causing more or less damage, 
until they reach the abdominal or thoracic cavity, sometimes. enter- 
ing the intestines and bronchi, and at times causing the death of the 
host. Just how they get from here to the nasal passages of the dog 
is not very well known, though it is certain that this takes place. 
Possibly larve are at times sniffed up by the dogs as they nose 
through an infested carcass; possibly in eating such a carcass larve 
pass directly from the mouth of the dog back to the posterior por- 
tion of the nostril by way of the pharynx, or the parasite may re- 
turn from the stomach by way of the esophagus. The adult worm 
has been reported, but very rarely, from the nasal 
passages of man. 

The larvee are apt to be overlooked in necropsies 
on the human cadaver, but have been recorded in 

as high as 25 per cent of necropsies. In various 
localities in Germany they are commonly present 
in 3 to 4 per cent. This is a widely distributed 
parasite, and is found from time to time in the 
United States. A case in man has been recorded 
from the Canal Zone. 

Prevention consists in keeping viscera of ani- 
mals away from dogs, unless the viscera are cooked, ti 

and in a reasonable attention to what a dog eats, a) 
and this involves a responsible supervision of the #1. 11.—Linguatula 

rhinaria, the larval 

WY. 
MK 

dog’s wanderings and conduct in all respects. tonede oe) tem 
the liver and lymph 

FLEAS AND TICKS. glands of cattle, 
sheep, ete. Hn- 

Fleas —tIn the western United States investiga- Jarged ten times 
: 3 ; : (after Railliet). 

tions indicate that the commonest flea attacking 
man is the so-called human flea, Pulex irritans, of which man is the 
primary host. The same investigations indicate that the dog is a 
most important carrier of that flea, probably the most important. 
Of 456 fleas collected from dogs in Berkeley, Cal., 29 per cent were 
of this species. In the eastern United States investigations indicate 

that the commonest flea attacking man is the so-called dog flea, 
Ctenocephalus canis (fig. 12), and here, of course, the dog is the 

norma! host and the usual carrier. 

Kither species of flea constitutes an annoying pest. The bite is 
distinctly unpleasant and in the summer nights may prove just the 
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additional irritant which makes sleep impossible. Equally as im- 
portant as the annoyance is the fact that fleas of all sorts are under 
suspicion at present as possible carriers of bacteria, parasites, and 
diseases of various sorts. We know that the dog flea and the human 
flea, as well as the rat flea, are capable of transmitting bubonic 
plague to man; that the dog flea, as already noted, transmits the 
tapeworm Dipylidium caninum to man; and we are warranted in 
suspecting that additional study will add other counts to this indict- 

ment against fleas. In the meantime our actual knowledge and strong 
suspicion are ample grounds for avoiding fleas and the flea-bearing 

Fie. 12.—Dog flea (Ctenocephalus canis): a, Egg; b, larva in cocoon; c¢, pupa; d, adult; 

e, mouth-parts of same from side; f, antenna; g, labium from below. 0, c. d, Much 

enlarged; a, e, f, g, more enlarged. (From Howard, Bureau of Entomology.) 

dog. It is comparatively easy to avoid annoyance from fleas in the 
absence of dogs or cats around a dwelling. Where dogs and cats are 
present it is more difficult and the animals must be closely watched 
and given appropriate treatment from time to time. For adequate 
protection it is essential that stray dogs and dogs belonging in the 
neighborhood should be prevented from becoming habitual visitors 
and utilizing the porch and hammock as sleeping quarters. 

The chicken flea (Ychidnophaga gallinacea), a common pest in 
some of the Southern States, frequently infests dogs. Here, again, 

the remedies he in the proper handling of dogs by their owners and 
the elimination of ownerless dogs or dogs whose irresponsible owners 
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take no care of them. Under proper conditions of restraint dogs 
may be rid of fleas and kept free from them. 
Ticks—In this country the dog is known to be the usual or ocea- 

sional carrier of 11 species of ticks, almost all of which are also 
occasional or habitual parasites of man 
or stock. In this way the dog serves 
the tick by furnishing it with nourish- 
ment and also aids in spreading in- 
festation, conveying ticks in this way 

to man much more effectively than 
other animals are able to do, for the 
reason that there is no other animal 
in such close contact. with man, with 

so many liberties, and with such a wide 
and unrestrained range during the 
periods when it is not with its owner. eS ei ay Tneree 
These habits of the dog make it an sai view. (From Hooker, 

object of suspicion in connection with - Pshopp, and Wood, Bureau of 
2 : : 3 Entomology.) 

tick-eradication work. Such ticks as 
Dermacentor variabilis (fig. 13), which are common on the dog, are 
brought into houses rather frequently and have many opportunities 

to attack man. Such ticks as the spotted-fever tick, known as Der- 

macentor andersoni or Dermacentor venustus (fig. 14), are seldom 
found on dogs, but in view of the 

fact that the bite of one tick may 
result in spotted fever and the death 
of the person bitten, even such in- 
frequent transmission by dogs must 

be guarded against. This tick is 
known to occur in Montana, Wyo- 
ming, Colorado, New Mexico, and 
the States west of these, with the 

exception of Arizona. Spotted fever 
is known to occur in a number of 
these States, and with the tick pres- 

Fic. 14.—Rocky Mountain spotted- ent its occurrence and spread in the 

fever tick {Dermacentor ander- 

soni, or D. venustus): male, dor. Other States depend merely on the 
sal'view. (Brom Hooker, Bishopp, chance of a carrier of some sort com- 
and Wood, Bureau of Entomology.) 

ing into them under conditions which 

will permit ef the tick having access to the carrier and to other ani- 

mals or persons. Dogs may also carry the Texas-fever tick (J/ar- 
garopus annulatus), and some species of ticks possibly depend on the 
dog for their continued existence. 
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Dogs which are kept free of such vermin as ticks by frequent baths 
or other necessary measures and which are not allowed to wander 
at will are reasonably safe from the standpoint of spotted fever or 
other tick conveyance to man or stock. They are at least much safer 

than those which are neglected, allowed to accumulate internal and 

external parasites, and to carry and convey the same without 
hindrance. 

MISCELLANEOUS PARASITES. 

In the foregoing part of this paper only those injuries, parasites, 
and diseases traceable to the dog which are known to occur in the 
United States have been mentioned. It should be stated, however, 
that the dog is known to have quite a large number of other para- 
sites, some of them already present in this country, which have been 
found in man and stock in foreign countries, sometimes as rare and 

unusual occurrences and sometimes very common and even in the 
form of endemic, constantly present diseases. Inasmuch as almost 

all of the parasites heretofore mentioned originated in foreign coun- 
tries and were brought here, and since we have no guaranty and 
but little protection against others being brought here, it will be 
worth while to name some of the other parasites of which space for- 
bids a detailed discussion. Some of the parasites mentioned below 
have been found in the dog only as a result of experimental infesta- 
tion, which is, however, proof that they might occur in nature under 
suitable conditions of transmission. Some of these diseases, owing 
to the nature of the life history, possibly could not obtain a foothold 
in this country, but many of them certainly could. 
Protozoa—The dog has been reported as a carrier of the following 

protezoa: E'ntamaba dysenteriw, the cause of amebic dysentery in 
man; Lamblia intestinalis, a flagellate protozoan which is rather 

common in man in the United States; 7rypanosoma evansi, which is 

the cause of surra, a disease of horses, cattle, etc., which has not yet 

been introduced into this country, but which has been detected at the 
quarantine station and kept out of the country by the United States 
Bureau of Animal Industry on one occasion; Trypanosoma brucei, 
which is the cause of nagana, a disease of horses, cattle, etc., which 
occurs in Africa; 7rypanosoma equinum, which is the cause of mal de 
caderas, a disease of horses in South America; 7’rypanosoma dimor- 
phon, which causes a disease of horses, cattle, etc., in Africa; Try- 
panosoma pecaudt, which is the cause of baléri, a disease of horses in 
Africa; Nuttalia tropica, which is the cause of a piroplasmosis of 
horses and cattle in India; Leishmania furunculosa (L. tropica), 
which is the cause of Oriental sore, a disease of man which has re- 

cently been reported from this continent at Panama;! Leishmania 

1 Oriental sore in Panama. By 8S. T. Darling. Arch. Int. Med., Chicago, v. 7, May, 

1911, pp. 581-597. 
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infantum, which is the cause of infantile splenomegaly, a serious, 
commonly fatal disease of children in Italy and Tunis; Leishmania 
donovani, which is the cause of tropical splenomegaly, a serious dis- 
ease of adults in India, China, and the Sudan; Leishmania bra- 
ziliensis, which is the cause of a disease of man in South America; 
Spirocheta aboriginalis, which is the cause of granuloma inguinale 
in man in British Guinea and Australia; and of some other protozoan 
forms of which the record or the identity of the form in the dog 
with those in man or stock is still uncertain. <A useful object lesson 
may be drawn from the fact that the destruction of stray dogs in one 
small island in Italy has resulted in a remarkable reduction in the 
prevalence of infantile splenomegaly in that locality. This terrible 
disease is apparently spread from dogs to children by fleas. 

In addition to the above-mentioned protozoa there are a number 
of worm and arthropod parasites carried by the dog and attacking 
man or the domestic animals, which hav not been discussed in the 
first part of this paper because of their absence from or comparative 
infrequency or unimportance in this country. A brief note of these 
forms is given here. 
Tapeworms.—As regards tapeworms, the dog shares with man the 

responsibility for carrying the broad fish tapeworm, Diphylloboth- 
rium latum (Dibothriocephalus latus), a tapeworm of considerable 
medical importance, which is known to be established in this country, 
and both carry an allied tapeworm, Diphyllobothrium cordatum. 
The dog is also an occasional host of the pork measle parasite (Cysti- 
cercus cellulose), the larve of one of the tapeworms of man. The 
dog becomes infested with this parasite by eating the feces of the 
human host of the tapeworm. It has also been shown to act as the 

host of an adult tapeworm having a Sparganum larva in the hog, and 
may be the host of other related tapeworms belonging to this group. 
Flukes.—The dog is reported as the carrier of the following flukes: 

Paragonimus kellicotti, which occurs in the lungs, causing para- 
sitic hemoptysis in hogs in this country; Clonorchis sinensis and 
Clonorchis endemicus, which occur in the liver of man and hogs in 

China and Japan; Leterophyes heterophyes, which occurs in the in- 
testine of man in Japan and Egypt; Dicrocalium dendriticum 
(D. lanceatuwm), which occurs in the bile ducts of man and of horses, 
cattle, sheep, hogs, etc., and which is common in various foreign 
countries, though not as yet known from the United States; Schisto- 
soma japonicum, Which occurs in the blood of man in Japan, China, 
the Philippines, and South Africa; Opisthorchis felineus, which oe- 
curs in the liver of mam in Asia; and of Opisthorchis noverca and 
Pseudamphistomum truncatum, also parasites of man. 
Nematodes.—As regards nematodes, the dog is one host of Dracunc- 

ulus medinensis, the Guinea worm, which is not known in this 
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country, and is the usual host of Dioctophyme renale, the giant kid- 
ney worm, which is a huge red worm a yard long and as thick as a 
little finger, occurring in the kidney or abdominal cavity of man, the 
cow, the horse, and the hog. This last-named worm has been found 
in this country on a number of occasions. Strongyloides stercoralis, 
the parasite of Cochin China diarrhea, can be readily transmitted to 
dogs, and a Strongyloides, apparently this species, is found in dogs 
in China and Japan. 

Mites, fleas, etc_—The dog is affected by a form of mange or scab 
due to a mite known as Sarcoptes scabiei canis. This disease occurs 
in this country and may be transmitted to man, causing more or less 
discomfort. The dog is also known to be attacked by and transmit 
the sarcoptic scab of sheep, a rather rare form of scab due to the mite 
Sarcoptes scabiei ovis. 

In addition to being the adult host of the aberrant eridewiies form, 
Linguatula rhinaria, the larva of which may occur in man, the dog is 
a host for the larval form of two closely related species, Porocephalus 
armillatus and P. moniliformis, which may also pass their larval 
stage In man. 

The dog is not only a host for the cosmopolitan fleas Pulex irritans 
and Ctenocephalus canis, but is also a host for the widely distributed 
chigger flea, or chigoe, Dermatophilus penetrans (Sarcopsylla pene- 
trans), of tropical countries and native in the southern portion of 
North America. This flea attacks men, cattle, horses, mules, sheep, 

goats, and hogs, the female becoming embedded in the skin and grow- 
ing to the size of a pea. i 

Finally, the dog is an important host of the parasitic larve of 
certain flies which also habitually attack human beings and live 
stock. One species, Dermatobia cyaniventris, occurs in South and 

Central America, and another, Cordylobia anthropophaga, occurs in 
Africa. These larve undergo their development beneath the skin, 
causing boil-like tumors and abscesses. Another species, Paralucilia 
macellaria (Chrysomyia macellaria) , is a serious pest in the southern 
United States. Its larve, commonly called screw worms, attack 
cattle, horses, and other animals, including dogs and human beings. 

These screw worms may undergo their development in the carcasses 
- of dead animals as well as in the tissues of live animals. 

CONCLUSION. 

The parasites discussed in this paper do not nearly exhaust the list 

of those present in the dog, but only those known also to affect man 
or live stock. 

In conclusion it may be said that the dog is at present the subject 
of numerous criticisms from three quarters. For over half a century 
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parasitologists have been insisting that the dog is so largely respon- 
sible for the spread and so essential to the existence of so many im- 
portant parasites that we must curtail his liberty and guard him, 
ourselves, our families, and our stock from the evil results of his 
unrestrained wanderings. 

For a number of years public-health officers and others who have 
the welfare of the community at heart have been insisting on a re- 
striction of the dog’s unwarranted liberty in order to lessen and in 
time to eliminate the terrible menace of rabies. 

More recently the sheepmen who have been accustomed to keeping 
out of business in localities where there were too many dogs, or who 
have permitted themselves to be forced out of business as a result of 
the attacks of sheep-killing dogs and the resentment and antagonism 

of the dogs’ owners, have been taking more aggressive action and 

have started a propaganda looking toward the elimination of the 
worthless dog and the placing of full responsibility for other dogs 
on their owners. 

It is to be hoped that the coordinate action of these persons and 
others interested in the safeguarding of life, health, and property 
will soon bring about positive and valuable results. 

In a general way there are three kinds of dogs—the vagrant, 
ownerless stray; the other person’s dog; and your own dog. 

The stray dog which recognizes no owner must be eliminated. The 
irresponsible dog with no owner to care for him, to look after his 

health as it concerns the dog and other animals and man, and to re- 
strain him and stand sponsor for his acts and especially the damage 
he may do—such a dog does not fit into a scheme of civilization which 
is based on law and the responsibility of individuals for themselves 

and others, 
We have a right to insist, and should insist, that the other person’s 

dog keep off our premises. A dog that is allowed by the owner to 

wander at large will have substantially the same habits of life, the 

same sort of food, and be substantially as dangerous as the ownerless 

dog. Such a dog is not only a trespasser but a potential menace whose 
visits may incur loss of money, health, or even life. 

Your own dog should be handled in such a way as best to further 

the welfare of the dog and the community. He should be kept in 
restraint and not allowed the full freedom of the house or even of 
the outside premises. He should not be allowed to be familiar with 
people, and especially with children. The dog should be kept free 
from external parasites by frequent baths and, if necessary, other 

appropriate measures, and should be freed from internal parasites by 
suitable measures and kept free by adequate attention to his food. He 

should only be allowed to leave the yard or the kennels in company 
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with some person, and wherever conditions call for it should be kept 
in leash. When away from home the dog should be muzzled with a 
reliable metal muzzle, not with a strap muzzle that would be cruel to 
the dog if tight enough to be effective and which is usually so loose as 
merely to give a false sense of security, since it permits the dog to bite. 

In regard to laws requiring muzzling and other restraints, 
Schroeder? has made the following interesting comment: 

The reason why laws of this nature have not been made is due to the active - 

fight against them by a small, greatly interested minority that opposes a tardy, 

disinterested majority. The minority fights hard for a privilege it has long 

enjoyed and abused, that of allowing dogs to be at large without restraint at 

all times, and the majority has never half realized that this privilege is costing 

a high price in the destruction of property and in horrible agony and numerous 

deaths. * * * The dog owner who knows what rabies is from experience, 

if he has the proper consideration for his own welfare and that of his dogs, 

will be among the first to demand a movement for its suppression, even if this 

should place restrictions on the freedom of his own dogs. His interest is 

greatest because he has the most at stake and is himself most seriously and 

frequently exposed to the infection. 

As means or adjuncts for attaining the conditions outlined here, 
numerous measures have been-suggested and, to some extent, practiced 

in this country. Some of these measures are cited in a paper by 
Stimson,? and a very good summary has been given by him. Among 
the possible measures are, of course, the imposition of a license on all 

dogs, dogs so licensed to wear an official tag with at least a registered 
serial number on it, and possibly with the owner’s name and address 
also. Any dog not so licensed should be taken up by an adequate 
impounding force and humanely killed. Dogs so licensed should be 
taken up when found astray in violation of ordinances requiring 
muzzling or imposing other restrictions. -Rabies should be made a 
reportable disease everywhere, and prompt and thorough measures 

taken for its eradication, to be followed by quarantine against unre- 
stricted importation of dogs into clean areas. Castration and spaying 
are recommended as aids in keeping a dog at home. They also serve 
to stop the promiscuous breeding which serves to add recruits to the 
vast army of worthless and vagrant dogs. Dr. Arbuckle, in recom- 
mending castration, says that it does not diminish the animal’s value 
as a hunting dog. 

Protection from the dangers of improperly controlled dogs depends 
primarily on the education of the public and the development of an 
educated public sentiment. With public sentiment behind it any re- 

1 Some observations on rabies. By EB. C. Schroeder. Bureau of Animal Industry Circu- 

lar 120. 1908. 

2 Facts and problems of rabies. By A. M. Stimson. Hygienic Laboratory Bulletin 65, 

1910. 
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form is possible; without it practically nothing is possible. Undue 
sentiment for the dog should not be allowed to blind us to his dan- 
gerous possibilities as a carrier of diseases and parasites or to stand 
in the way of effective measures for the protection of human life and 
health. The time seems to be at hand when the stray dog, the sheep- 
killing cur, the vagrant carrier of dangerous parasites and of the 
horrors of rabies should be exterminated. The destruction of such 
dogs wouid mean a saving of hundreds of lives and the saving and 
making of millions of dollars. 
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INTRODUCTION. 

In the summer of 1912, while engaged in deciduous fruit insect 
investigations at Winchester, Va., the writer’s attention was attracted 

by the conimon occurrence upon apple of the American plum borer, 
Euzophera semifuneralis Walk. Although injury to fruit trees by 
the larvee of this insect was recorded by Forbes in Illinois as early as 
1890, very little has since been published concerning it. This lack 
of attention may be attributed to the fact that though common and 
widely distributed it has never occurred in sufficient numbers or been 
sufficiently destructive to call upon it any special notice as an economic 
species. 

The food habits of this insect are particularly interesting when 
contrasted with those of other wood-boring species. It is also an in- 
sect that under certain conditions is capable of doing considerable 
damage to trees which have been injured either mechanically or by 
the attacks of fungous diseases. At the suggestion and under the 
direction of Mr. A. L. Quaintance, of the Bureau of Entomology, 
an attempt was made, therefore, in the summer of 1913 and 1914, 
to study the insect’s biology. 

For the photographs presented in this paper the writer is indebted 
to Mr. Fred I. Brooks, of the Bureau of Entomology. 

1 Buzophera semifuneralis Walk.; order Lepidoptera, family Pyralids, 

93700°—Bull, 261—15 
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HISTORY. 

This species was first described by Walker, in 1863, under the 
name of Nephopteryx semifuneralis. In 1881 Zeller redescribed and 
figured it as Huzophera impletella. In 1887 Hulst described the 
species as Stenoptycha pallulella. In 1889 we find the first published 
reference to the immature stages of this insect; S. A. Forbes, in his 
report for that year, described the larve as injuring Chinese plum 
(Prunus sumoni) in Illnois. Forbes gave it the common name of 
American plum borer. In 1891 D.S. Kellicott reported it as injurmg 
mountain ash in Ohio, and in 1898 Otto Lugger included it in a list 
of ‘‘Butterflies and Moths Injurious to our Fruit Producing Plants.” 
In 1901 KE. D. Sanderson reported it as injurmg apple and Kieffer 
pear in Delaware, giving a few notes on its probable life history in 
that locality and renaming it the ‘‘fruit-tree bark borer.’ Slinger- 
land and Crosby have given a short account of this borer in their 
recent ‘‘Manual of Fruit Insects.” . 

While Forbes’s report is the first published reference to the feeding 
habits of the larve of this insect, we find in the unpublished notes of 

the Bureau of Entomology, February 2, 1879, the following note: 
‘*Received from EK. A. Schwarz, Jackson, Miss., one cocoon found 
under bark on fence around cotton field. The moth issued and 
proves to be either MM. distinctella, or one that comes very near to it.” 
This specimen was later determined by H. G. Dyar to be Euzophera 
semifuneralis Walk. Again, May 14, 1879, in the notes of the Bureau of 

Entomology, Theo. Pergande records finding a cocoon on peach and 
rearing a moth belonging to the Pyralide, which he names rather 
doubtfully Acrobasis sp. A later determination by Dyar proved 
this also to be Huzophera semifunerahs. 

pee DISTRIBUTION. 

Dyar gives the distribution of this borer as ‘‘United States.” 

Zeller described the species in 1881 from four specimens from Colom- 

bia, South America, one of which was taken at Mariquita on August 

10 and the other at Honda the last of April. Hulst notes that his 

description was based on specimens from New York, Utah, and Wash- 

ington. In the United States, specimens in the collection of the 

United States National Museum, and the correspondence, notes, and 

collection of the Bureau of Entomology, as well as the hterature 

available, indicate that the insect occurs in the followmg States: 

Arkansas, Arizona, Colorado, Delaware, Florida, Georgia, Llinois, 

Indiana, Kansas, Missouri, Maryland, Mississippi, North Carohna, 

New York, Ohio, South Carolina, Texas, Utah, Virginia, West Vir- 

ginia, Washington, and the District of Columbia. 
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FOOD PLANTS. 

This insect does not, by any means, confine its attacks to plum. 

It has been taken feeding upon plum, peach, cherry, Chinese plum 
(Prunus simoni), Kieffer pear, mountain ash, persimmon, apple, 
and Russian mulberry. The writer has found it equally abundant 
on plum, cherry, peach, and apple. It will probably attack the 
trees of any of the common stone or pome fruits when the proper 
conditions are presented. 

FEEDING HABITS AND CHARACTER OF INJURY. 

As has already been stated, the food habits of this insect are of 
especial interest when contrasted with those of other wood-boring 
species. The plum borer prefers trees which are not dead and yet 
are not in a too vigorous condition. The attention of the writer was 
first attracted to the work of this borer by an apple tree upon which 
it had established itself. This tree had been partially girdled by a 
disease commonly known as collar blight. Under the skirt of bark 
bordering the wounded area the borer had begun its work and by 
extending its galleries out into the living tissue had completed the 
girdling of the tree. This seems to be the characteristic form of 
injury for the species. Beginning at some scar, wound, or crevice, 
where a bark scale offers partial protection, the larva works its way 
back into the living tissue, in broad, shallow, irregular galleries just 
beneath the bark. Apple trees partially girdled by collar blight and 
trees injured mechanically by frost or by some other factor offer the 
ideal condition for the work of this borer. Without injury of some 
sort to its host plant the borer rarely succeeds in establishing itself, 
and entirely healthy and uninjured trees are in little danger from its 
attacks. On the other hand, where a tree has suffered injury the 
work of this borer may, in many cases, considerably shorten its life. 
Pl. I, a, 6, c, shows the character of the galleries and the condition 
of trees most liable to attack. 

DESCRIPTION OF STAGES. 

THE EGG. 

When first deposited the egg appears as a regular oval, opaque 
white body, coarsely punctate. The size is fairly uniform, the average 
for 10 being 0.59 mm. by 0.42 mm. A marked change takes place in 
the appearance of the egg as incubation proceeds. Twenty-four 
hours after deposition the color changes from white to a pinkish tint, 
or in cases where incubation is somewhat delayed to a light brown, 

and in 48 hours to a dull red. In three to four days a slight depres- 
sion appears in the center and 24 hours before hatching the color 
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changes to a dirty white with the head of the larva plainly visible at 
one end. The unfertilized egg remains white. After hatching the 
shell is white and retains its shape. The eggs are deposited singly or 
in small irregular groups, usually in cracks or crevices of the bark, or 
in the absence of such places they are rather insecurely glued to 
smooth surfaces (Pl. II, ¢). They are easily broken away from the 
surface to which they are attached. 

THE LARVA. 

In leaving the egg the larva (Pl. IJ, b) gnaws out an iregular 
hole in one end and leaves the shell in two or three minutes. The 
newly-hatched larva is very active; its color is white throughout 
with the exception of the very large dark brown head, and the ali- 
mentary tract which shows plainly from its reddish coloration. After 
a few days of feeding the color of the body changes to a dingy white 
and later to a brownish green, somewhat lighter on the ventral sur- 
face. The full-grown larva averages about 25 mm. in length by 3 
mm. in width. The head is dark brown; the cervical shield, pale 
yellow, with black markings on either side. The anal plate is brown 
and the thoracic legs are light brown with darker tips. There is great 
variation in the color and size of individual specimens. 

THE PUPA. 

When first formed, the color of the pupa (PI. II, f) is light olive 
sreen, which changes in one or two days to light brown and 24 hours 
before emergence to dark brown and then black. The size is variable, 
but averages about 10 mm. by 3mm. The wing sheaths are some- 
what lighter brown and extend about two-thirds of the total length 
of the body. The eyes are black, the spiracles well defined, and the 
last abdominal segment has a variable number of stout hooked spines. 

THE ADULT. 

The adult female (Pl. IJ, a) measures about 1 inch across the 

expanded wings. The average measurements of 10 specimens were: 
Spread of wings, 19.5 mm.; length of body, 8.4 mm.; width of body, 
1.4 mm. The head, thorax, legs, and abdomen are a light gray. 
The fore wings are grayish brown with a broad, wavy band of black 
and brown markings across the outer third. There is considerable 
variation in the color pattern of the fore wings, however, and fre- 
quently these markings are almost or entirely absent. The hind 
wings are smoky with a distinct black marginal line. 

The insect was first described by Walker in 1863. The following 
is his description: 

Nephopteryx semifuneralisn.s. Female, blackish cinereous, dingy cinereous beneath. 

Palpi smooth, slender, hardly curved, obliquely ascending, not rising higher than the 
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PLATE i. 

aA. 

WORK OF THE AMERICAN PLUM BoRER (EUZOPHERA SEMIFUNERALIS). 

a, Plum orchard in which the trunks of the trees are being injured by the plum borer; b, crack 
in bark of apple tree through which lary of the plum borer entered; c, galleries and young 
larva of the plum borer. (Original.) 
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THE AMERICAN PLUM BORER. 

a, Adult, about twice natural size; b, winter cocoon opened to show larva, enlarged about one- 
half; c, mass of winter cocoons embedded in frass and silk under scale of cherry bark; d, 
characteristic resting posture of adult; e, eggs, about natural size; f, cocoon opened to expose 
pupa, about twice natural size. (Original.) 



AMERICAN PLUM BORER. D 

vertex; third joint lanceolate, nearly as long as the second. Abdomen extending 

beyond the hind wings; hind borders of the segments pale cinereous; wings moder- 
ately broad; fringe long, cinereous. Fore wings hardly acute; middle and exterior 

lines cinereous, undulating, blackish-bordered; discal mark cinereous, curved; mar- 

ginal points black; exterior border convex, hardly oblique. Hind wings dark ciner- 
eous, very slightly hyaline; marginal line brown. Length of the body 5 lines; of the 

wings 12 lines. 
a. North America. From Mr. Carter’s collection. 

SPRING PUPATION OF WINTERING LARVL. 

At Winchester, Va., in the spring of 1913, pupation of the wintering 
larve began about the last of March to the first of April. Frequent 
collections of larvze were made previous to and including March 24, 
and pupation had evidently not begun up to that time. Absence 
from Winchester prevented further observation for a period of 14 
days following March 24, and during this interval, of the 31 larve 
that had been taken in the field previous to that date, 18 had pupated 
by April 7. However, the temperatures from April 4 to April 7 
were so extremely low that insect life generally was almost dormant 
and most of this pupation must have occurred before the former date. 

Girault in 1906 records the pupation of three larve under his 
observation in the insectary at Washington, D. C., as occurring on 
March 27, 28, and 31, respectively. At Myrtle, Ga., in the same 
year, both Rosenfeld and Girault observed pupation as early as 
March 2, or about 25 days earlier than in the latitude of Washington. 
Girault, in 1905, took four pupz in the field at Myrtle, Ga., March 1. 
In the latitude of northern Virginia and the District of Columbia, in 
a normal season, pupation evidently begins about April 1 or possibly 
a little before, depending upon the relative lateness of the season, 
and as far south as Georgia probably a month earlier. 

The 23 individual records of the pupal stage included in Table I 
were taken from field-collected material kept in an out-of-doors rearing 
shelter. In most cases the larve under observation were kept in 
their winter cocoons (Pl. II, c), which are so loosely woven that 
the transformation of the insect within can be easily seen. Occa- 
sionally it was necessary to force the larvee to spin up in glass vials, 
but this was avoided as far as possible, as the insect under such con- 
ditions probably does not feel the full effect of the changes in outside 
temperature. 
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TaBLE I.—Length of pupal period of wintering larvx of the plum borer, Winchester, Va.., 
1913. 

Date of— 

No. of Hens 
obser- 
vation.; Pupa- Emer- | PUP a 

tion gence. | Peto 

Days 
1 | Apr. 14 | May 17} 33 
2 1) |} il 
3 17 15 | 28 
4 19 16) 27 
5 19 2M 32 
6 22 21} 29 
7 24 18 | 24 
8 24 20) 27 
9 24 AL Diy 

10 24 PAL PA 
11 25 24 | 29 
12 25 PH || av 
13 25 27 |) 32 
14 26 P40 || ¢ ail 
15 26 Oxf |) Sil 
16 | May 2 225 
17 2 27 | 25 
18 4! June 2] 29 
19 4| May 30] 26 
20 5 | June 2] 28 
21 6 2) 27 
22 6 2) 27 
23 7 3) 27 

Maximum .........-.. 33 
Minimum ............ 24 

IANVCTA ge aaa Sac se 28. 43 

The longest pupal period observed was 33 days, the shortest 24, 
and the average of the 23 observations 28.43 days. The records at 
Winchester show a slightly longer duration of this stage of the in- 
sect’s life than has been observed by others, though data from other 
sources are rather limited. Girault, in 1905, notes that one larva 
pupated in the msectary at Washington March 28 and emerged 
April 21, a period of 24 days, while Rosenfeld, at Myrtle, Ga., in 1906, 
reports one insect that transformed from larva to adult in 20 days. 
Fred Johnson, at Youngstown, N. Y., in 1905, has the following note: 
‘“‘Larvee confined in jar form cocoons June 28. Adults emerged from 
these July 20 and others continued to appear until August 4.”  Evi- 
dently some of the insects in this instance transformed in less than 
23 days. The weather conditions of the spring of 1913 may be 
partially the cause of the longer pupal period at Winchester, the 
unusually high temperature prevailing through March hastening the 
insect’s pupation, while the relatively cold April that followed prob- 
ably delayed the emergence of moths. 

EMERGENCE OF SPRING BROOD OF MOTHS. 

Table II gives in detail the time of appearance of 79 moths that 
emerged at Winchester in the spring of 1913 from field-collected 
rearing material. The first adult appeared in the laboratory on 
April 25 and by the fore part of May the insect was emerging in 
numbers. 
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TasLeE II.—Emergence of spring brood of moths of the plum borer at Winchester, Va., in 
1913. (See fig. 1.) 

Number Number 
waterol, of moths Daieit of moths 

tion. eereE tion. CORT 
ing. ing. 

Apr. 25 1 || May 19 3 
6 23 5 

May 3 10 27 1 
7 34 31 2 

iil 6 || June 4 8 
15 3 C 

Total 79 

Girault, in 1905, records one adult that emerged at Washington as 
early as April 21 and later notes that empty pupal cases were very 
plentiful in the field by May 2. In normal seasons adults probably 
begin appearing in the latitude of Winchester and Washington from 
the last of April to the first of May. Rosenfeld, in 1906, observed 
emergence in Georgia as early as March 29, or about one month 
earlier than it occurred at Washington the preceding year. In 1913 
maximum emergence occurred at Winchester on May 7, twelve days 
after the first moth appeared, and adults continued to emerge in the 
rearing cages in lessening numbers until June 4. The seasonal 
appearance of the moths can be more easily appreciated by reference 
to figure 1. 

eR ee | = 
el a EVI | 
seeee il TRREETEE 

3S, 

25 

NUMBER OF *IOTHKS 

i Q 

10 

ro} 

e ie —35 2g Hh Ake AK) ih 3 FW 
APRIL MAY Te 

Fic. 1.—Diagram showing emergence of spring brood of moths of the American plum_ borer 

(Luzophera semifuneralis) at Winchester, Va., in 1913. (Original.) 

OVIPOSITION OF FIRST GENERATION OF MOTHS. 

As the moths emerged from day to day they were transferred to 
jars containing twigs of plum or apple wood, all of those issuing on 
the same date being confined in one jar and a record kept of the 
number of eggs subsequently deposited. Eggs were laid freely on 
the twigs, singly or in small groups in the cracks and crevices of the 
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bark, or very often were rather insecurely glued to the sides and 
bottom of the jar as well. 

From Table III it will be seen that the moths began to oviposit in 
from 1 to 3 days after emergence, the average for seven observations 
being 1.7 days. On the average, oviposition lasted 2.3 days, the 
longest period observed being 4 days and the shortest 1 day. Girault 
records three moths that oviposited in confinement in the insectary 
at Washington, May 8, 1905, the duration of oviposition being 2 days. 

Tas Le III.—Oviposition of the spring brood of moths of the plum borer, Winchester, Va., 
1913. ‘ 

Date of— Days— 

No. of | Number ree ree se: From 
cage. |ofmoths. irs as efore : emer- 

* eee ovipo- | ovipo- | ovipo- OES gence to 
8 sition. sition. sition, |P | last ovi- 

position. 

1 6 | Apr. 26 | Apr. 29| May 2 3 4 7 
2 5| May 2|May 3 6 1 4 5 
3 3 3 6 3 1 4 
4 8 4 5 6 1 2 3 
5 5 5 7 7 2 1 3 
6 2 5 6 7 1 2 3 
7 6 6 7 8 1 2 $3 

Ma UI eee My ge ee Deed CRUE AE 3 4 7 
IM Ghav bobble a ae oe mee es CaN Ne 1 1 3 

LAV CLARE sealers Sess easel ara he a ame eae att We | 283 4 

Copulation was never observed, but evidently occurred very soon, 
since in several instances fertile eggs were deposited within 24 hours 
of emergence. In the absence of the male the female deposits infer- 
tile eggs freely. 

The number of eggs deposited in confinement per female is indicated 
in Table IV. 

TasLeE 1V.—Number of eggs of the plum borer deposited per female in confinement, 
Winchester, Va., 1913. 

No. of Number of eggs. 

females 
Date. weal es 

obser- Depos- eae ae 
vation. ited. feai nies 

April 26 1 45 45 
May 2 2 50 25 

3 2 24 12 
5 1 74 74 

INYO a ecsmcdodaaas 32.2 

Maxcimuim see eee 74 
Mani eee 12 

Records were kept of the number of eggs laid, in two jars contain- 
ing 2 females each and in two jars containing 1 female each. The 
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condition of the moths in confinement is of course quite unnatural. 
The greatest number of eggs laid by one female was 74. In one 
instance only 24 eggs were deposited in a cage containing 2 females 
and the minimum is stated as 12, although it is of course possible that 
only one female was ovipositing. 

Girault, May 8, 1905, gives a record of three adults, emerging in the 

insectary at Washington, that deposited 78 eggs, an average of 26 
egeseach. No observations were made in the field that would throw 
any light on this part of the insect’s life cycle. 

LENGTH OF LIFE OF MOTHS OF SPRING BROOD. 

The length of life of 17 adults is given in Table V. 

Taste V.—Length of life of moths of the spring brood of the plum borer, Winchester, Va., 
1913. 

No. of Length | No. of | Length 
moths. of life. moths. of life. 

Days. Days. 

BRR RNR COONS WwW i 

Motale .|\\caens. 7 139 

Maxamum> 3532 eae 23 
Whiavion(pbenls Soe es 3 

PAV CLAPC soc = oe eee 8.2 

These moths were supplied with sweetened water. Several cages of 
moths were given nothing in the way of food or water and several were 
given water alone. The observations were too limited to justify the 
drawing of any conclusions as to the influence on longevity of sugar 
and water compared with water alone, but those given neither, as a 
rule, lived only a few days after oviposition. 

The moths fed upon sweetened water lived from 3 to 23 days, the 
average of 17 observations being 8.2 days. No data were obtained 
upon the relative longevity of the sexes. 

HABITS OF THE MOTHS. 

When resting the moth assumes the characteristic position. seen in 
Plate II, figure d, the wings tightly folded, the legs pulled in closely 
and set far back under the abdomen. The rigid posture of the body 
and the blending of the ashy grays and dark browns of the fore- 
wings produce to the human eye at least a close resemblance to a 
short twig. During the day the moths remain in this posture for 
hours at a time, and until the eye has become accustomed to this 
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adaptation of the insect they are easily overlooked in the rearing 
cages. 

As a rule the moths are rather inactive during the day, though egg 
laying is by no means entirely limited to the hours of darkness. The 
moths are evidently active at night. Forbes (1890) records taking 

them at night in Illinois. 

INCUBATION OF FIRST-BROOD EGGS. 

Table VI shows the incubation period of first-brood eggs. 

TasLe VI.—Incubation period of first-brood eggs of the plum borer, Winchester, Va., 1913. 

Date— 

ING ber | See een Period of 
of eggs incuba- 

observed.| Depos- | Hatch- tion. 
ited. ing. 

Days. 
36 | Apr. 29| May 7 8 
3 | May 2 10 8 
8 3 il 8 

11 4 12 8 
32 6 19 13 
38 7 21 14 
19 8 21 13 

Average: s.cedicsseccios = 10.3 

The shortest incubation period observed was 8 days, the longest: 14, 
and the average for seven lots of eggs was 10.3 days. The long incu- 
bation required by the three lots of eggs deposited on May 6, 7, and 8, 
respectively, is entirely due to the cold wave of May 8, 1913. The 
temperatures were so extremely low that incubation very probably 
ceased altogether. The 8-day period required by the first four lots 
of eggs probably represents more nearly the average incubation 
period under seasonable temperature conditions. As a rule the incu- 
bation period for the individual eggs of a given lot varied only a few 
hours, and in recording observations for any lot of eggs incubation 
was considered over when the first egg hatched. 

FIRST-BROOD LARV. 

An attempt was made to rear larve at Winchester on plum wood. 
A number of old plum trees were transplanted in May to the vicinity 
of the laboratory. As the larve hatched they were transferred. to 
these trees. All began feeding at once. Unfortunately predaceous 
enemies and parasites destroyed all but one of these larve before 
they reached maturity. This larva hatched on May 7, from the first 
lot of eggs obtained in the laboratory, spun up on June 10, pupated 
June 12, and emerged June 22. The feeding period in this case was 
34 days; the prepupal period, 2 days; the pupal period, 10 days. 
Two pupz taken in the field on July 14, which from their light 

olive-green color had just transformed, emerged on July 22, indi- 
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cating a pupal period in this case of 8 days. Another mature larva 
taken in the field pupated in the laboratory on July 18 and emerged 
July 30, giving a pupal Basie of 12 days. Two moths emerging in 
the laboratory on July 22 deposited eggs the following day. 
A second generation, or, at least, a Sartell one, occurs in the lati- 

tude of Winchester. As just stated, one adult emerged on June 22, 
from a larva which hatched in the laboratory on May 7. The indi- 
cated life cycle for the first generation is as follows: Incubation, 10 
days; feeding period, 34 days; PE epupal period, 2 days; pupal period, 
10 days; ae emergence to egg laying, 1 day; entire length of life 
cycle of first generation, 57.3 dine. 

Apparently eggs of the first generation begin hatching in the fore 
part of May and of the second generation about July 1. Whether 
all of the first-brood larve transform to moths the same season is 
not apparent from the information at hand. It seems fairly certain, 
however, that there is at least a partial second generation. There is 
evidently considerable overlapping of the two generations. Adults 
are emerging more or less throughout the summer and it is possible 
to find at almost any time larve of all sizes. Pergande, in 1898, 
records rearing one moth in the insectary at Washington from a. 
larva sent to him from Anderson, S. C., as late as October 24, and 

the writer has observed newly hatched larve at Winchester Sep- 
tember 28. 

HIBERNATION. 

In the late fall the larva constructs, under the bark scales at the 
entrance to its feeding galleries, a loose, ight, but very tough cocoon 
of white silk. To the outside of this are often fastened frass and 
small pieces of bark. Numerous observations in the seasons of 1912 
and 1913 indicate that many of the larve go into the winter in an 
immature state, yet in the spring of 1913 no evidences of feeding were 
found among about 100 larve collected in the field. All of the under- 
sized specimens, of which there were a considerable number, proved 
to be parasitized. In 1912 newly hatched larve were found in the 
field as late as September 28, and in favorable years immature larve 
may succeed in passing the winter successfully in northern Virginia. 
In the writer’s opinion, however, the mortality due to winter killing 
among the immature larve Past be very high in this latitude. 
W he yn disturbed or exposed to the light the larva leaves its winter 

cocoon and spins up in a more protected place. However, as a rule, 
unless disturbed or unless the winter cocoon is located in an unsatis- 

factory place, the larva pupates in the same cocoon in which it passes 
the winter. Larvae have never been observed passing the winter as 

“free larve,’’? even parasitized specimens spinning a cocoon. In 
fact, even during the summer months the insect usually threads a 

light shelter at the end of its burrow where it rests when not feeding. 
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NATURAL ENEMIES. 

The larve of Huzophera semifuneralis are attacked by a number 
of parasitic and predaceous enemies. Two parasitic forms were 
reared at Winchester in 1913, which were determined by Mr, R. A. 
Cushman, of the Bureau of Entomology, to be Idechthis sp. (Pl. HI, 
a) (Quaintance No. 10402) and Mesostenus thoracicus (Cress.). 
The former was by far the more common. Of 104 overwintering 
larvee collected in the field 14 were parasitized by this insect. This 
proportion of parasitized specimens, amounting to 13.47 per cent, 
indicates that the parasite may aid very materially in the control 
of the borer. The parasitized larve are about one-half normal size 
and usually lack the greenish-brown color of healthy specimens. At 
some time during the prepupal period the parasite matures, devours 
the larva, and spins its cocoon (PI. III, c). Fred Johnson, in 1905, 
at Youngstown, N. Y., reared an undetermined member of the family 
Tchneumonidz (Quaintance No. 574). J. H. Beattie, in 1905, at Fort 
Valley, Ga., reared from borer larve Itoplectis marginatus (Prov.), 
Mesostenus gracilis Cress., and Pumpla sp. (Quaintance No. 399). 

Mr. Fred E. Brooks, of the Bureau of Entomology, records rearing a 

hairworm, probably a species of Mermis (PI. III, 6), from larvee of 
the plum borer. 
Among the predaceous enemies the larva of Tenebroides corticalis 

Melsh. has been taken feeding upon the borer. Ants and wood- 
peckers are also important factors in reducing the numbers of this 
imsecy er) act : 

REMEDIAL MEASURES. 

As has already been stated, the plum borer will probably never 
become a pest of more than ordinary importance, except in occa- 
sional isolated cases. Its food habits are such that it is entirely 
unable to establish itself upon vigorous, healthy, uninjured trees. 
However, in common with a number of other insects it does deserve 
some attention on account of its ability to do considerable real injury 
where the proper conditions are presented, 1. e., where trees have 
been injured by hail, frost, or attacks of fungous diseases, and its 
rather indiscriminate choice of food plants increases its opportunities 
in this direction. One of the most common instances of this in the 
observation of the writer is in the case of the collar blight of apple, 
where the injury done by this disease is frequently supplemented by 
subsequent attacks of the plum borer. When the ordinary precau- 
tion of cutting away the dead bark and painting the wounded areas 
is followed, this may be regarded as sufficient for the control of the ~ 
borer. Where the borer has established itself already the cutting-out 
method is the only one that can be followed. Nothing may be 
expected from the application of poisonous washes. 
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PARASITES OF THE AMERICAN PLUM BORER. 

a, Idecthia sp., a common parasite of the plum borer; upper figure, male; lower figure, female; 
considerably enlarged; 6, hairworm reared from larva of the plum borer in 1912 at French 
Creek, W. Va., much enlarged; c, cocoon of the parasite Jdccthis sp. within the cocoon of 
its host, much enlarged. (Original.) 
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INTRODUCTION. 

During the past few years the larva of a medium-sized brown beetle, 
Parandra brunnea Fab., has attracted considerable attention as an 

enemy of trees of several widely separated species and of chestnut 
telephone and telegraph poles. The characteristic injury of the 
insect to trees is in the form of a multitude of tortuous larval galleries 
extending through a more or less restricted portion of the trunk or 
larger branches. The most destructive attacks usually occur in the 
trunk within a few feet from the ground, the work of the borers 
being followed quickly by the decay of the affected wood and fre- 
quently by the breaking down of the tree (PI. I, fig. a) at the point 
of greatest injury. (PL. I, fig. 6.) 

Cultivated fruit trees are often injured by this borer, old apple, 
pear, and cherry trees being especially liable to attack. Hollow 
bases and decaying areas and cavities in the trunk and the conse- 
quent breaking and falling of weakened trees under the pressure of 
wind and snow are conditions quite commonly due in a large measure 
to the work of this insect. Injury is especially noticeable to trees 
growing in sunny, exposed positions, and the insect seems to be 
rather more abundant about villages and cities than in country 
districts, although both the larve and adults are found in many 
dissimilar locations and under a variety of conditions. 

Tree surgeons and other persons who attempt to save and rejuve- 
nate fruit trees suffering from diseased and decaying trunks quite 
often encounter the Parandra borer and its work. In cleaning out 

Note.—This bulletin describes the Parandra borer as an enemy of fruit trees, gives its history and dis- 

tribution, and suggests methods of combating it. It will be of interest throughout the greater portion of 

the United States. 

Noteé.—In Mr. Snyder’s interesting article on this species as an enemy to chestnut telephone and tele- 

graph poles (Bul. 94, Pt. 1, Bur. Ent., U. 8. Dept. Agr., 1910), the beetles are illustrated in Plate I, figure 

1, and the male is shown as the larger of the two sexes. Mr. Snyder has discovered that this is an error 

and wishes us to add that the female is almost always larger, or at least as large as the male. 
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old cavities in the trunk or larger branches for the purpose of filling 
with some cement-like material, a practice which is growing in favor, 
the presence of this borer often forces the operator, in removing all 
unsound wood, to cut much deeper into the tree than would other- 
wise be necessary. 

While trees of medium age are sometimes attacked, and old trees 
that have been somewhat neglected suffer most, the borers have 
also been reported as occurring in nursery stock. Many old orchards 
that have passed their prime, but are still capable of producing good 
and profitable crops of fruit, are hastened to their end by this insect. 

In two or three specific instances the Parandra borer has been 
recorded as being injurious to fruit trees, and many cases have been 
reported of the collection of the parent beetle on or about orchard 
trees. It appears, however, that no recommendations as to reme- 
dial measures have been made, and it would seem that further 
information regarding the insect and its habits and possible methods 
of reducing or preventing its attacks should be available to fruit grow- 
ers and owners of fruit-producing trees. For the foregoing reasons 
this brief account of the species 1s presented. 

HISTORY AND DISTRIBUTION. 

The Parandra borer has been referred to by previous writers as 
the ‘‘ash root-borer,” ‘‘chestnut telephone-pole borer,” and ‘“‘heart- 
wood borer.”’ These names, while significant with regard to the 
habits of the insect, are regarded by the writer as being too 
restrictive in their meaning to be appropriate as common names, 
since the borer does not confine its attacks to ash roots, chestnut tele- 

phone poles, nor entirely to the heartwood of trees in which it feeds. 
In fact, it is a very general feeder, attacking the live and dead heart- 
wood and sapwood of a great variety of trees, including pine, black 
walnut, hickory, willow, beech, chestnut, chinquapin, oak, elm, tulip, 
apple, pear, plum, wild and cultivated cherry, locust, Ailanthus, soft 
maple, basswood, and black ash. 

The Parandra borer belongs to the Spondylide, a small family 
closely related to the Cerambycids which includes many of the 
wood-boring larve. The species was first described by Fabricius,* 
in the year 1798, and given the technical name which it still bears. 
In the year 1861 Dr. George H. Horn? made the following record: 
“The larva of this insect may be seen in almost every locality in which 
decaying wood may be found. It appears to prefer beechwood, at 
least I have always found greater numbers in that particular kind of 
wood.”’ In 1880 the American Entomologist for the month of 
August acknowledged the receipt by Dr. C. V. Riley of larvee of this 

1 Fabricius, J.C. Supplementum Entomologie Systemalice,p.49. Hafniz,1798. Tenebrio brunneus. 

2 Horn, G. H. Observations on the habits of some coleopterous larve and pupee. Jn Proc. Ent. Soe. 

- Phila., v. 1, p. 438-44, Sept., 1861; p. 48, Parandia brunnea (Fabr.). 
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species, taken from black ash by Mr. Shelby Reed, Scottsville, N. Y. 
Various other writers give brief notes on the larve and adults as 
occurring in and about different species of forest trees, but it was 
not until the year 1890 that a note was published by Dr. F. H. Chit- 
tenden * of the Bureau of Entomology, associating the species with 
a cultivated fruit tree. In this note the author states: “found 
under the bark of domestic cherry; are very common.” Mr. Thos. E. 
Snyder,” in 1910, writes that it has been determined that this beetle 
damages many species of living forest, fruit, and shade trees. In 
1911, Mr. Charles A. Hart? published an account of this species in 
which he described the damage done to apple and other trees. 

The insect has been found in Ontario, Canada, and in the States 
of Connecticut, New York, New Jersey, Pennsylvania, Illinois, Minne- 
sota, Maryland, Virginia, West Virginia, Arkansas, Texas, Arizona, 

and California, and in the District of Columbia. There is little 
doubt that it may be found over the greater part of temperate 
North America. 

CHARACTER OF INJURY. 

The Parandra borer is one of several species of borers from which 
trees are in very little danger of injury so long as they are kept in 
sound and yigorous condition. The borers of the present species 
enter the wood from dead or decaying places on the surface (PL. I], figs. 
a, b) and are probably never found in trees whose trunks and larger 
branches are éntirely covered with healthy bark. Any accident or 
condition that will produce dead or decaying surface areas, especially 
about the base of the trunk, may result in a severe infestation by 
this borer, and, ultimately, in the loss of the tree. (PI. I, fig. a.) 
Bruises on the trunk made by singletrees or farm tools; cavities 
resulting from improper pruning; areas killed- by winter injury, sun 
scald, fire blight, collar rot, flatheaded borers (Chrysobothris femorata 

Fab.) and roundheaded borers (Saperda candida Fab.) are some of 

the primary injuries that may result in attacks by the Parandra 
borer. 
When a tree is first attacked the beetles insert their eggs into the 

surface wood of the dead spots, usually after more or less decay has 
progressed, and the larve or borers extend their burrows throughout 
the adjacent heartwood and occasionally into the surrounding live 
sapwood. The borers mine throughout the wood for a period of 
probably three years, extending their galleries upward more fre- 
quently than downward, and finally transform to beetles within the 

1 Packard, A. 8. Fifth Report of the U. 8. Entomological Commission. Washington, 1890. YP. 223. 

“ Parandra brunnea Fabr. Under bark. (Chittenden.)”’; p. 530, “Found under bark of domestic cherry, 

are very common,’’ 

2Snyder,T. £. Damage to chestnut telephone and telegraph poles by wood-boring insects. U.S. Dept. 

Agr., Bur. Ent., Bul. 94, Pt. 1, p. 6, Dee. 31, 1910. 

*iart,C. A. The heart-wood borer (Parandra brunnea Yabr.). In 26th Rpt. Ill, State Ent., p. 68-73, 

figs. 5, 1911. 
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wood. These beetles work! their way out through the larval galleries 
or gnaw through the dead wood to the surface and escape. They 
return frequently to the dead wood, however, and spend much time 

hiding in secluded spaces, such as old galleries, within the mjured 
tree. Eggs are now inserted into the wood that forms the walls of 
the old burrows (PI. III, figs. a, 6), and the borers of the new brood 
penetrate still farther into the wood. Other insects and fungi soon 
appear to accelerate decay, and within a few years that particular 
part of the tree will consist merely of a thin shell of sound wood sur- 
rounding a decomposed heart. A tree so affected may continue to 
live but will be in danger of falling under a load of fruit or during a 
storm at any time. The period of usefulness and the lives of many 
old trees too often terminate in this way. 

The work of the Parandra borer is sometimes confused with that 
of the roundheaded apple-tree borer, but a little knowledge of the 
habits of the two species will enable anyone to distinguish quite 
readily between them. The two borers bear a general superficial 
resemblance to each other, but the differences in their methods of 
attacking trees are distinct. The Parandra borer enters at a dead 
spot or cavity and throws no castings to the surface, whereas the 
roundheaded apple-tree borer enters living wood and freely extrudes 
reddish-yellow castings, which form in small heaps at the base of the 
infested tree. The different positions habitually occupied in the 
tree by the two borers will serve as a better means of identification 
than any characters possessed by either while in the larval stage. 
The Parandra borer is slightly more slender and has three pairs of 
small but rather distinct thoracic legs, while the roundheaded apple- 
tree borer is legless. The adults of the two species are totally unlike 
In appearance. - 

LIFE HISTORY. 

The adult Parandra borer (Pl. IV, fig. a) is asomewhat flattened, 

glossy, chestnut-brown beetle which is rather variable in size but 
averages slightly less than three-fourths of an inch in length. The 
beetles appear on the wing in July and August, the time depending 
considerably on the latitude. At French Creek, W. Va., the writer 
found that pupation took place during the last days of June and first 
days of July in the years 1913 and 1914, and that the adult stage was 
reached before the 1st of August by each of about 50 individuals 
kept under observation during that period. The adults remain in 
the pupal chamber for a week or 10 days and may then continue to 
stay within the decaying wood of the host tree for a further period 
before taking flight. 

Hgg laying begins soon after the beetles quit the pupal chamber. 
In placing her eggs the female makes small punctures in the wood, 
probably by the use of both her mandibles and ovipositor. These 



Bul. 262, U.S. Depi. of Agriculture. PLATE I. 

WORK OF THE PARANORA BORER (PARANDRA BRUNNEA). 

Fic. a.—Old arp tree broken in storm as a result of injury to the heart by Varandra borers. 
hig. b.—Apple tree with heartwood and sapwood honeycombed by Parandra borers. 
(Original.) 
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ORCHARD CONDITIONS FAVORING THE PARANDRA BORER AND REMEDY. 

Fic. a.—Section of apple trunk showing favorite place of entrance for Parandra 
borers. Fie. 6.—Cayity in trunk of apple tree, formed by the decaying of a 
dead limb; suitable place for Parandra beetles to deposit eggs. Fic. c.—Cavity 
shown in b cleaned out preparatory to filling with cement. (Original.) 
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STAGES OF THE PARANDRA BORER. 

Kia. b.—Eeges of Parandra 
Kia. ¢.—Parandra borers; 
Natural size, Wia. d 

the roundheaded 

Fic, a.—Egg of the Parandra borer in natural position. Natural size. 
borer in natural position in the wood of apple. Much enlarged. 

iriety of sizes to be found in an infested tree at any one time. 
dra borers working into heart of apple tree from 6ld wounds made by 

Groun of galleries made by voung Parandra borers tree horer. Sanerda candida. 1G. @. 
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STAGES OF THE PARANDRA BORER AND ITS PARASITE. 
Fie¢. a.—Adults of the Parandra borer. Much enlarged. Fic. b.—Pupe of Parandra a ges i natural position in wood of apple tree. Natural size. Fic. c.—Larva and cocoons of Odonto- merus mellipes, a parasite of the Parandra borer, Natural size. (Original.) 
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punctures are about 2 mm. deep by 1-2 mm. wide, and a single egg is 
placed in each. (Pl. III, fig. a.) After the egg is inserted the 
mouth of the puncture is closed with fine particles of wood. Eggs 
are deposited in this manner in groups of a dozen or less, placed close 
together, in either the solid or somewhat decayed wood ‘which forms 
the walls of larval galleries or other openings in the tree where the 
beetles can enter. When trees are first attacked the eggs are prob- 
ably inserted from the surface into the wood of dead areas. 

The egg (Pl. III, fig. 6) is 1.5 mm. long by 0.5 mm. wide, oblong- 
ovate, and creamy white. The surface is slightly granular. Eggs 

hatch in two or three weeks, the time not having been definitely 
determined. 

As soon as the larva or borer (Pl. III, fig. c) hatches, it begins to 

feed away from the original position occupied by the egg and extends 
its gallery in a zigzag course through the wood (PI. III, fig. e). 
With the exception of the head, which is black, the borer is yellowish 
white, but the body contents when feeding in dark-colored wood 
give it a darker appearance. When full grown the larva attains a 
length of about 14 inches. It grows slowly and probably remains 
in the tree for at least three years before changing to the beetle, 
although this point in the insect’s life history has never been fully 
determined. 

The galleries are packed throughout their length with dustlike 
particles of wood that have passed through the digestive canal of the 
borer. These galleries wind about in every direction and are usually 
so numerous as to honeycomb the wood of the affected. part of the 
tree. (Pl. I, fig. d.) A single burrow may be several feet in 
length, but its course is so tortuous that it seldom extends at any 
point more than a foot away from the place where the egg was de- 
posited. The usual general course is more or less directly into sound 
wood from a place that is beginning to decay. This results in a rapid 
enlargement of the area of decay and in the continuous extension of 
the infested area with the appearance of each successive generation 
of borers. In many infested trees examined by the writer the 
Parandra borer was found to have been the first agency to open the 
way for the spread of decay into heartwood. Other insects follow 
but less frequently precede them in their attacks on the heartwood of 
fruit trees. 

When the larva is ready to pupate it excavates a cell at the ter- 
minus of its burrow in the heartwood large enough to accommodate 
its body. Within this cell it transforms to the pupal stage (Pl. IV, 
fig. 6). The burrow is packed for a short distance next to the 
cell with coarse, stringlike fragments of wood. This excelsior-like 

material forms the bed on which the pupa reposes and is evidently 
provided to insure the drainage of any moisture that might otherwise 
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collect about the insect during the inactive period of pupation. The 
pupal stage is from 10 days to 2 weeks in duration. 

As has been stated (p. 4) the adults appear in July and August. 
The writer’s observations indicate that the beetles are rather short 
lived, although Snyder ' believes that oviposition may continue from 
August to October, and Hart? mentions a’ specimen collected in 
Illinois on September 25. The beetles are somewhat sluggish and fly 
at twilight, perhaps extending their activities throughout the night. 

NATURAL ENEMIES. 

In the year 1880 Riley * mentioned an ichneumon fly belonging 
to the genus Pimpla as parasitic upon the borers of this species. 
The writer has found the hymenopterous parasite, Odontomerus 
mellipes Say* (Pl. IV, fig. c), attacking the Parandra borer in 

West Virginia. This latter parasite destroys the borer and then con- 
structs an elongate cocoon of white silk within the burrow of the 
host, in which it changes to the adult form. 

The Biological Survey has found this beetle in the stomach of the 
olive-sided flycatcher (Nuttallornis borealis). 

REMEDIAL MEASURES. 

The first and most important consideration relative to preventing 
injury to trees by the Parandra borer is the keeping of the trees in 
such a condition of soundness that the beetles will not deposit eggs 
in them. As has been pointed out (p. 3), the entrance of the borer 

into the tree is first made at some pomt where dead wood is exposed 
by the removal or decay of bark as a result of some mechanical 
injury or disease. If exposed dead surfaces can be prevented, the 
danger of attacks from this borer will be eliminated. Injury to the 
trunks or larger branches of fruit trees, affording favorable places for 
borer attack, result from a variety of causes, some of which at least 
are easily preventable. The practice which is not uncommon of 
leaving stubs 6 inches or more in length in pruning out large branches 
is quite likely to result ultimately in injury from this insect. The 
stubs left are practically sure to die back to the trunk and form a 
decayed spot or cavity that is exactly to the liking of the beetle as 
a piace in which to oviposit. (Pl. II, figs. a, 6.) Instead of leaving 
such stubs when removing large branches, the cut should be 
made near to the trunk where the natural swell at the base of the 
branch will insure healing to be most rapid. The cut surface should 
then be covered with a heavy coat of white lead or some similar paint. 

1 Snyder, T. E. Damage to chestnut telephone and telegraph poles by wood-boring insects. U.S. Dept. 

Agr., Bur. Ent. Bul. 94, Pt. I, p. 3, Dec. 31, 1910. 

2 Hart,C. A. The heartwood borer (Parandra brunnea Fabr.) In 26th Rpt. Il. State Ert., p. 72,1911. 

3 Riley, C. V. Ash-root borer: Supposed eggs of Odontota. In Amer. Ent., y. 3 (new ser., v. 1), no. 8, 

p. 202, August, 1880. 

4 Specimens of this parasite were very kindly determined by Mr. J. C. Crawford, of the U. 8. National 

Museum, 



THE PARANDRA BORER AS AN ORCHARD ENEMY. Uf 

Another common place of entrance for the Parandra borer is near 
the surface of the ground where injury has been done some time pre- 
vious by the common roundheaded apple-tree borer.t (Pl. III, 
fig. d.) Such injuries by roundheaded borers often persist as un- 
healed wounds and are always a source of danger to the tree. If the 
roundheaded borers are found and removed while they are yet small, 
the wounds made by them will heal quickly and no danger from attack 
by Parandra borers will follow. Injuries to the trunks of trees by 
tools in the hands of careless workmen are possible places for future 
attacks by Parandra borers and should, of course, be avoided wher- 
ever possible. Where such injuries occur they should be cleaned of 
torn and splintered bark and wood and the surface thoroughly 
painted. 

Winter injuries and diseases attacking the trunk are less easily 
preventable, but where these are present Parandra borers may be kept 
out at least temporarily by a liberal use of paint applied to the dead 
surfaces. Paints so used should be renewed as often as once a year, 
and the applications may well be made in the spring or early summer. 
Whenever borers of this species gain entrance to a tree there is 

only one practicable way of removing them, and that is to gouge or 
chisel out all the wood through which their burrows extend. (Pl. I, 
fig. c.) The cavity should then be properly cleaned and disinfected 
and filled with cement. Wherever the borers are present at all they 
are likely to occur in considerable numbers, and it is their habit in 
feeding to scatter about through the wood so much that little can be 
accomplished by attempting to remove them with a knife and wire, 
as is often done with some other species of fruit-tree borers. 

In chiseling out the borers preparatory to using cement, all the 
punctured wood and all the wood soaked with water or affected by 
decay or disease should be removed. The interior of the cavity 
should then be sterilized by applying creosote with a brush, after 
which it should be painted with a heavy coat of coal tar. The cavity 
should then be filled compactly with a mortar made of one part of a 
good grade of Portland cement and three parts of clean, sharp sand.? 

Trees treated thoroughly in this manner will be practically safe 
agaimst Parandra borers until new places of attack are formed. How- 
ever, it is less expensive and more satisfactory in every way to keep 
trees so far as possible in such a condition of soundness that the 
borers will find no place to enter. 

' Saperda candida, It is interesting in this connection to note that Dr. F. H. Chittenden, of the U. 8, 

Department of Agriculture, found Parandra borers working on a linden tree on the grounds of the U. 8S. 

Department of Agriculture on April 27, 1909, that had apparently entered the tree at a point previously 
injured by Saperda vestita. 

#Collins, J. ¥. Practical tree surgery. In U. 8. Department of Agriculture Yearbook for 1913, p. 163- 

190, pl. 16-22, 1914. Contains excellent directions for the use of cement in trees. 

C) 
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INTRODUCTION. ? 

The investigation of cranberry insects in New Jersey has included 
the biological study of a beetle, weli known to collectors for more than 
a century, but unrecorded, until recently, as a pest to the cranberry. 
Attention was first called to it on the cranberry bogs by Mr. T. B. 
Gaskill, of New Egypt, N. J., who reported injury in a bog in his 
vicinity and sent specimens of larvee, pupz, and beetles to the Bureau 
of Entomology for determination. Adult specimens, submitted to 
Mr. E. A. Schwarz, were determined as Rhabdopterus picupes Oliv., 
of the family Chrysomelide. 

Mr. A. L. Quaintance (1912), of the Bureau of Entomology, after 
making a visit to the infested bog in June of 1912, presented his obser- 
vations on the extent and character of the injury and the feeding and 
probable egg-laying habits of the beetle before the Entomological 
Society of Washington. These notes were the first published records 
pertaining to the economic importance of this insect. 

Rhabdopterus picipes was first described by Olivier (1808) from 
the collection of Bosc in the Jardin des Plantes, Paris, being placed 
by him in the genus Colaspis. It was later described by Say 
(1824) under the name Colaspis pretexta. Le Conte, when he edited 
the writings of Say (1859), made note that Colaspis pretexta Say is 
Colaspis picipes Oliv. The genus Rhabdopterus was erected by 
Lefevre in 1885, and a few years later Horn (1892) transferred picipes 
from Colaspis to Rhabdopterus. 

Later writers have made mention of the food plants of the beetle, 
but only one larval host is known. With the finding of the larve 
on cranberry roots and the dying of the vines in infested areas it was 
deemed advisable to devote special attention to the habits and 

| Rhabdopterus picipes Oliv.; order Coleoptera, family Chrysomelida. , 

2 The illustrations used in this paper are from photographs by Messrs. II. Kk. Plank and J. I. Paine, of 

the Bureau of Entomology. The author is also pleased to acknowledge the assistance of Mr. Plank in 

carrying on life-history studies of the cranberry rootworm, 

* Bibliographic citations in parentheses refer to ‘ Literature cited,” p. 8. 

308° —Bull, 263—15 
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distribution of the insect with a view to devising means of control, 
(1) by spraying, (2) by the use of water for flooding operations, 
and (3) by cultural treatment of the bogs. Observations continued 
through a period of two years indicate that at the present time the 
pest is not one of prime importance on cranberry bogs and that its 
ravages are not to be compared in severity with those of the cranberry 
girdler (Crambus hortueilus Hittbn.) to which insect probably the 

injury produced by the rootworm has heretofore been attributed. 

DISTRIBUTION. 

The cranberry rootworm is widely disseminated throughout the 
United States and is also reported from Canada. Blatchley (1910) 
reports it in Indiana and further states that it occurs from Massa- 
chusetts to Dakota and south to North Carolina. In the collection 
of the Philadelphia Academy of Natural Sciences specimens are 
exhibited from Utah, Nebraska, Illinois, ‘“ Dakota,’’ southwestern 

Texas, Florida, Delaware, Pennsylvania, New Jersey, and Canada. 
Smith (1909) lists it from New Jersey south of the Piedmont Plain. 

The present investigation has led to its capture on one or more cran- 
berry bogs at or near the following places in New Jersey: Pemberton, 
New Lisbon, Whitesbog, New Egypt, Cookstown, Chatsworth, Pasa- 
dena, Medford, and Brookland. 

FOOD PLANTS. 

Few plants are recorded as hosts of the beetle. Say states that it 
is common on the myrtle, while Blanchard found it abundant on 
basswood. In Indiana it is reported on wild grape, and Smith lists it in 
New Jersey on myrtle, grape, and basswood. More recent observa- 
tions have shown that the beetle is a feeder on foliage and fruit of the 
cranberry, and the writer has taken it on blueberry and inkberry by 

jarring. The larve are abundant on the roots of cranberry. 

CHARACTER AND EXTENT OF INJURY. 

The chief injury to the cranberry is caused by the feeding of the 
larvee on the roots and runners (PI. I, fig. 2), where the latter come in 
contact with the ground. As arule only the bark is eaten from the 
large and secondary roots, the weod occasionally being attacked, 
while the fibrous roots (PL. I, fig. 1), which are so numerous as to form 

a dense mat an inch or more in thickness, are completely devoured. 
The character of the rootworm injury is such that ene can distinguish 
between it and the injury produced by the cranberry girdler. The 
larvee of the latter insect prefer the runners and crowns of the plants 
and not only feed on the bark but devour the wood, often eating 
completely through a runner. In a general way it may be said that 
the rootworm feeds in the soul, while the girdler feeds on the surface, 
concealed in the trash which lies on the ground. 

The vines which suffer the most are those growing on sandy land 
or what are usually termed ‘‘savannas.’’ Larve have been found in 
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several instances in peat bottoms, where the roots of the vines may 
travel a foot in depth, but in these instances the dying of the vines 
could usually be traced to the feeding of the cranberry girdler. 
When the root feeding is severe the vines show signs of weakening 

in the early fall. The leaves dry out, turn red or brown, and before 
erowth starts the following season most of them will have shattered 
to the ground, leaving the dead uprights and runners bare of green 
foliage. Small areas are thus killed out, almost invariably at the mar- 
gins of the bogs or on relatively high and sandy areas in the interior of 
the begs. (PI. II, fig. 1.) The mud and peat bottoms rarely suffer 
from rootworm attacks, presumabiy because the root system of the 
cranberry is so much thriftier and more extensive in these soils than 
in sand and possibly because the beetles seek sandy soil in which to 
deposit their eggs. 

The injury produced by the feeding of the beetles on the foliage and 
berries is so slight as to be almost neghegible. This habit, however, 
affords a means of control, namely, of poisoning their food by the use 
of insecticides. 

DESCRIPTION OF STAGES. 

THE ADULT. 

The adult (Pl. I, fig. 3) is a shining brown beetle measuring less 
than one-fourth of an inch in length. The following description of 
the adult is taken from Blatchley; those of the other stages are by the 
author. 

Oblong, oval, convex. Brown, bronzed, strongly shining, the elytrai margin often 

greenish-bronzed; antennz and legs reddish-yellow, the outer joints of former often 

dusky; under surface of body greenish, abdomen brown, its tip paler. Head coarsely 

and sparsely punctate, clypeus more closely punctate. Thorax nearly twice as wide 
as long, narrowed in front, sides strongly curved, hind angles prominent; disk rather 

sparsely and finely punctate, elytra coarsely but not closely punctate, the punctures 

irregular on the disk, a line representing the third interval smooth. Length 4-5mm. 

THE EGG. 

The eggs (P1. II, fig. 2) of the cranberry rootworm measure 0.67 mm. in length by 

0.30 mm. in’width. In shape they are regularly elongate, elliptical. When first 

deposited they are a dirty white in color, later becoming uniformly yellow. The 

shell is smooth and glistening, and sufficiently transparent to reveal the larval out- 

line beiore hatching. 
THE LARVA. 

The full grown larva (PI. II, fig. 5) measures from 7-9 mm. Normally it lies in a 

curved position so that its full length isseldom revealed. Its color is whitish with head 

light brown and thoracic shield of very pale yellowish brown. Tips of mandibles 

black, shading off to light brown at the base. Labrum and clypeus brown. A row of 

brownish spines, the ambulatory sets, on each ventral abdominal segment projects 

obliquely backward. Sete long. Legs slender and small. 

THE PUPA. 

The pupa (PI. II, fig. 4) is slightly shorter than the extended larva, whitish in 

color. Spines on the head and thorax are longer and stouter than those in the larval 
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staze. The middle and posterior femora are each provided with one curved spine 

and two straight, more slender spines; two flattened hooklike spines, curving OER 
are found at the posterior end of the abdomen. 

LIFE HISTORY AND HABITS. 

ADULT STAGE. 

Kmergence of the beetles from the soil begins about mid-June, the 
maximum number emerging in breeding cages June 28. This date 
will vary, however, depending upon the time of drawing the winter 
flood from the bog; as early as June 6 beetles in the process of harden- 
ing were taken from the soil whereas the latest capture of the season ~ 
was made October 20. They are easily captured by sweeping the 
bog with a net and with more difficulty by searching in the fallen 
leaves and refuse which often form a layer of trash an inch or more 
in depth under the vines. The beetles go into the trash so that they 
may deposit their eggs in the soil, and to find them one must carefully 
turn over the litter. Some are on the vines, feeding usually on the 
new growth of foliage, which they attack from the outer margin. 
Others may be found on the smail berries, gouging shallow furrows 
around the fruit. When disturbed they fly short distances, seldom 
more than three or four feet. A few cage experiments showed that 
the females are longer lived than the males, one female remaining 
alive 56 days. 

EGG STAGE. 

Eggs have been found in a cranberry bog lying in a mass just be- 
neath the surface of the ground. In rearmg cages they are most fre- 
quently deposited in masses but occasionally are found singly. The 
highest number found in one mass and known to have been laid by 
one female was 53 eges. The average number of eggs per mass was 
14. Caged beetles sometimes cviposited on the sides of the cage or 
on falien leaves, but most frequently the eggs were inserted about an 
eighth of an inch in the soil. In a previous report on the cranberry 
rootworm the writer (1914) gave the length of the egg stage as 11 
days. Further data show that this period varies from 6 to 11 days, 
averaging 8 days. 

LARVAL STAGE. 
y 

The small larve find their food in the first inch or two inches of 
roots and soil and, owing to the fact that the fibrous roots are so 
abundant, it is presumed that the larve travel little in search of food. 
Larvee may be found feeding at all times during the summer and until 
quite late in the fall, at which time some of them go deeper into the 
ground. November 17, Mr. H.K. Plank, of the Bureau of Entomology, 
found larve in a peat soil at depths ranging from an inch to 1 foot. 
December 1 the larvee were found in the first 2 inches of a rather dry, 
sandy soil. When feeding ceases a round cell is formed in the soil 
within which the larva hibernates until spring. If the bog is flooded 
during the winter the larvee remain dormant, at least until the winter 
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FIG. 1.—NORMAL ROOT SYSTEM OF THE CRANBERRY GROWN ON SAVANNA Bottom. 
Fic. 2.—INJURY TO CRANBERRY ROOTS BY THE LARVA OF THE CRANBERRY ROOT- 

WORM (RHABDOPTERUS PICIPES). (ORIGINAL.) 

WORK OF THE CRANBERRY ROOTWORM. 



PLATE Il. 
Bul. 263, U. S. Dept. of Agriculture. 

Fic. 1.—CRANBERRY BoG, SHOWING DEAD AREAS CAUSED BY THE LARVAL FEEDING 
OF THE CRANBERRY ROOTWORM (RHABDOPTERUS PICIPES). Filia. 2.—EG@ Mass. 

Fic. 3.—ADULT. Fic. 4.—Pupa. Fia. 5.—LARVA. (ORIGINAL.) 

THE CRANBERRY ROOTWORM AND ITS INJURIES. 
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flood is drawn in the spring. Soon after the water is drawn the larve 
commence to feed again, which may be noted by the fresh barking of 
the roots. Before commencing to pupate the larve move closer to 
the surface of the bog, the majority beg found in the first inch of 
soil. Some idea of their abundance was obtained by counting the 
larvee under plats of soil 10 inches square. Twelve larvee were ccained 
in one instance and other counts of 11 and lesser numbers were made 
where the injury to the vines was quite apparent. From the fore- 
going it will be seen that the species spends most of its life in the larval 
stage, or approximately 10 months. Possibly some of the larvee fail 
to mature at the expiration of this period and spend another year in 
the bog before reaching the adult stage. 

PUPAL STAGE. 

The time when pupation commences varies somewhat with the 
management of the bog. The earlier the flood is drawn the earlier 
will be the date of general pupation. In 1913, when the water was 
drawn April 1, pupe were in the majority June 6; while in 1914, 
when the water was drawn May 20, the larve outnumbered the pupxe 
two to one on June 15. Pupation studies were carried on in wooden 
cages having glass bottoms, which permitted one to observe those 
laryze which formed cells against the glass. The average duration 
of the pupal stage was found to be 143 days, and from 2 to 3 days were 
spent by the adult hardening in the cell and reaching the surface. 

SUMMARY OF LIFE HISTORY. 

: 
Stage. Period of usual occurrence. | Range in occurrence. Beene Hange ia | : 

| 

| Days. Days 
GUT TS Pie a il oe Sune OA eH the he ate WOME Oo OC Use Oars eerie ee 35 
LU Mil velO—B0e 22sec cet ey | MUL RLO-Sep bases s-ceee scone. 8 6-11 
LE Ee eee SelyalG—June Le 55) Se eee | All seasons (months).........- WOR eee tase 
Lyn: Soe eee PUTO SU meas ae. cae ke te May 25—muliy Ol. 5 Seo oan d 14} 13-17 

RECOMMENDATIONS FOR CONTROL. 

Some way in which to control an insect infestation by the use of 
water usually first suggests itself to one connected with the cranberry 
industry. The particular bog, however, upon which most of the obser- 
vations were made has an insufficient water supply limited to a win- 
ter flooding with no available water for reflooding. Late holding of 
the wate r—that i is, until May 20—had no effect in reducing the infes- 
tation. The larve were in as good condition after this treatment as 
when, the year previous, the water was drawn April 1. Laboratory 
experiments have shown that the larvee can live submerged in clean 
water for as long as 41 days, while pups have not survived more than 
9days. Examination of a bog which had been reflowed for a period 
of 4 days in the latter part of May disclosed many live larvae but no 



6 BULLETIN 263, U. S. DEPARTMENT OF AGRICULTURE. 

dead ones. Another bog, m which the insects were found to have 
reached the pupal stage, was reflowed May 28 and 29 for a period of 274 
hours. Soon aiter the water was drawn from this bog a second inves- 
tigation was made which revealed no dead pup and 49 live pupe. 
Reflowing the bog when the beetles have emerged from the ground 
and before egg laying has commenced would undoubtedly carry some 
of the beetles ashore where they could be killed with kerosene, but 
this operation would have to come at a time when the young berries 
are forming, and the use of water at that time is apt to be disastrous 
to the setting of the crop. 

Carbon bisulphid was given a trial to determine its effect on larvee 
and pup in the soil. Used in holes at varying strengths of the 
liquid and varying depths and distances apart, negative results were 
obtained in each plat. In plat 1 the holes were made a foot apart 
and 4 inches deep and into each was poured one-half fluid ounce of 
carbon bisulphid. The liquid nearly filled each hole and all holes 
were covered with soil and tamped with the foot. Larve found 
within 2 inches of some of the holes were unaffected by the gas. 
The failure of this substance to kill is thought to have been due to 
the wetness of the bog which prevented the fumes from penetrating 
the soil. No injury resulted to the vines except where drops of the 
liquid were spilled on them from above. 

Observations of two seasons’ spraying on a bog near New Egypt, 
N. J., have shown that an arsenical, added to the customary 
Bordeaux and resin-fishoil soap used to control the fungous diseases 
of the cranberry, is of value in killing the beetles which feed on the 
foliage. Arsenite of lime at the rate of 1 pound of white arsenic per — 
200 gallons of Bordeaux mixture per acre was the poison applied 
by the owner of the bog the first year. Two applications were made, 
the first begmning July 1 and the second July 14. In 1914 the bog was 
sprayed more frequently owing to the presence of an infestation of 
fireworms (Rhopobota vaccimana Pack.). The dates of spraying were 
June 11, June 18, June 30, July 9, and July 20. Arsenite of lime was 
used in each instance, but beginning with the third application a differ- 
ent method of preparing it was employed, as follows—1 pound of 
caustic soda was dissolved in 2 quarts of water and while this was dis- 
solving, 2 pounds of white arsenic were added. It is essential in pre- 
paring arsenite of soda after this formula that a very good grade of 
caustic soda be secured, otherwise some of the arsenic may remain 
uncombined and produce injury to the foliage or fruit. In five min- 
utes the arsenic was completely dissolved, leaving a clear solution if 
the crystalline variety of arsenic was used, or a silt-colored solution if 
the amorphous arsenic was employed. The presence of a small 
amount of lead in the amorphous arsenic seemed to account for the 
cloudiness of the solution. Mr. F.S. Chambers, of J. J. White (Inc.), 
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New Lisbon, N. J., was the first to introduce this method of preparing 
arsenite of soda for use in the spraying of New Jersey cranberry bogs. 

In the first two applications arsenic was used at the rate of 14 
pounds per acre, the later applications being increased to 2 pounds 
per acre. Arsenite of lime, prepared and used as just described, is 
exceedingly cheap compared to arsenate of lead, but the dangers 
attendant upon its use by inexperienced help, both to human life 
and from possible injury to the foliage and fruit, are such that it is pre- 
ferred to recommend arsenate of lead for general use. The latter 
insecticide is frequently used on cranberry bogs at the strength of 
3 pounds of paste arsenate of lead to 50 gallons of water or Bordeaux 
mixture. If arsenite of lime is used as the insecticide, it is very essen- 
tial that thorough agitation of the spray material be maintained. 
Some foliage injury, noted on three different bogs, should probably 
be attributed mainly to a neglect to keep the mixture agitated at all 
times when spraying. At the conclusion of the second season’s obser- 
vations no new areas on the sprayed bog were found infested and the 
number of Jarvee throughout the bog had decreased to a marked degree. 

Having observed on a number of bogs that the injury by the root- 
worm almost invariably occurs on sandy land and, further, that the 
root system of the cranberry on such land is exceedingly shallow as 
compared with that on peat or muck lands, it is fair to conclude 
that treatment of the bog by fertilizers to stimulate growth will 
be of great advantage to the cranberry plant in outgrowing the 
injury of the larvee. 

The New Jersey Experiment Station has amply demonstrated at 
Whitesbog, N. J., that weak vines on sandy soil can be made to pro- 
duce an abundance of vines in one season by the application of the 
proper mixture of chemical fertilizers. It so happens that this land 
is infested with rootworms, but the extent of the infestation could 

not be definitely determined without tearing up the fertilizer plats 
more than is advisable. Some of the plats are known to be infested, 
but in spite of the presence of the rootworms the vines have made so 
much growth in two years that pruning would not be inadvisable. 

Sanding infested areas also gives promise of being a satisfactory 
method of promoting vine growth. Mr. T. B. Gaskill, of New Keypt, 
N. J., has clearly demonstrated on a small, badly infested area of 
savanna land that a 1-inch coat of sand will cause the vines to grow 
vigorously, sending out runners which cover the bare spaces, and to 
present a marked contrast to unsanded adjacent vines. 

SUMMARY. 

The cranberry rootworm (Ihabdopterus picipes Oliv.) is the larva 
of a small brown beetle which has recently been found on a number 
of cranberry bogs in New Jersey. 
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It is widely distributed throughout the United States, but previous 
to its discovery on the cranberry it was not regarded as of economic 
importance. 

The number of its known food plants is few. 
The chief injury to the cranberry is produced by the feeding of the 

larve on the roots. The beetles feed on the foliage and fruit. 
Its injury occurs mainly on sandy land or savannas, where the root 

system of the vines is not so extensive as on muck or peat bottoms. 
The beetles appear in numbers about the end of June, deposit 

eggs in the soil, and die before fall. 
The larve feed on the fibrous roots and bark of the larger roots 

until late fall, when they hibernate in cells formed in the soil. . 
Some spring feeding of the larve occurs. 
Pupation commences early in June, the average duration of the 

stage being 144 days. 
No satisfactory practice in the use of the winter flowage or the 

spring reflowage to exterminate an infestation of larve or pupe has 
been developed. 

Invigorating the vines by the application of fertilizers or sand prom- 
ises excellent results. 
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INTRODUCTION. 

Beginning with the year 1901 a small dark-colored rove-beetle, 
known to science as Apocellus sphaericollis Say, has been reported as 
an-enemy to violets and other succulent ornamental plants in the Dis- 
trict of Columbia and from St. Louis, Mo. This insect is a very 
common one in the United States and is quite generally known as a 
scavenger, feeding on humus and decaying vegetation and similar 
matter. That it feeds on violets as well as on a variety of other vege- 
tation is now undoubted. Informants have furnished abundant proof 
of this in the eaten flowers and leaves, while beetles in confinement 
in the writer’s laboratory were observed by him to attack violets and 
other plants. Nor does the insect confine itself to plants grown in- 
doors or in gardens, since in its Washington occurrence the violets 
were grown in hothouses and at St. Louis the various plants affected 
were growing in the open. There is no doubt, however, that although 
the habit of the insect of feeding on delicate flowers and leaves is 
well established it is nevertheless an acquired taste, the insect living 

normally like others of its kind on old, dead leaves or in soil which 
has been covered by leaves over winter. 

Undoubtedly injury by this species is more extensive than our 
notes show. This may be ascribed mainly to the resemblance of this 
insect, to the casual observer at least, to an ant, and to the fact that 
the beetles swarm in numbers on plants in the manner of ants. The 
year after the first report of injury by this species so many com- 
plaints of injuries by ants in greenhouses were made that the Florists’ 
Exchange * asked the writer for an article bearing upon this subject. 

1A jarge proportion of the insects which infest the garden also infest greenhouses, as 

in the present instance. Next to roses, violets are favorite flowers grown in this and 
gome other countries. In Bulletin No. 27, new series, Bureau of Mntomology (out of 

print, but available in libraries), a somewhat comprehensive publication on violet insects 

was furnished. 

2", H.C. A violet pest. Jn The Florists’ Exchange, y. 36, No. 23, p. 1216, Dec. 6, 

1913. 
On nan? 1% 
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It now seems probable that in some of these cases the rove-beetle 
might have been the culprit.,, The complaints cover scatteringly a 
span of 12 years. 

It has been hoped that something more definite than is recorded 
concerning the life history of the insect could be learned before pub- 
lication. The notes now presented, however, show conclusively the 
injurious character of the insect, and the remedies advised and used 
have proved perfectly successful, showing that it is not by any means 

a difficult insect with which the gardener or florist has to cope. 

DESCRIPTIVE. 

The ant which this beetle especially resembles is known as the 
pavement ant (Zetramorium caespitum L.). This ant often occurs 

in greenhouses, but when the two insects 
are carefully compared the much larger 
antenne, or “ feelers,” of the beetie will 
readily be noticed. 

Apocellus sphaericollis belongs to the 
group Oxytelini of the family Staphy- 
linide, and is the sole representative of 
its genus occurring in the United States. 
It was originally described by Say in 
1834, under the name of Lathrobium 
sphaericolle. The general appearance of 
the insect is shown in the accompanying 
illustration (fig. 1). The head ‘is only 

Fic. 1.—The violet rovebeetle slightly larger than the thorax, which is 
(Apocellus sphaericollis) : Ss : 
Adult, Greatly enlarged. SOmewhat rounded. The elytra or wing 

(Original.) covers are very short, as is usual in 
typical Staphylinide. The femora or thighs are larger than those 
of ants, but this is not noticeable at a distance when the insects are 
at work. The total length of the insect is about 2.5 millimeters. 

October 14, 1901, Mr. L. J. Barber, Wheeler Road, near Congress 
Heights, Washington, D. C., brought living specimens of this rove-— 
beetle, with report that it was injuring violets grown in hothouses, 
particularly low-growing forms, but did not attack the high-growing 
plants. He was positive that the beetles destroyed the flowers by 
riddling them with holes, and in response to inquiry thought it quite 
probable that they were introduced in manure that he was using. 

Injury was thought, both by Mr. E. A. Schwarz, of the Bureau 
of Entomology, who furnished the identification of the species, and 
by the writer, to be due to some other insect, but Mr. Barber stated 
otherwise. 
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Two days later he brought specimens of the beetles with single- 
flowered violets which had not previously been attacked. Some of 
these already showed injury by the beetles. The chief injury was 

- to the Marie Louise double violets, which grow with the flowers 
resting on the ground, and to Campbell double flowers, which are on 
the ground in their early stage but afterwards become erect. It seems 
that the beetles crawl directly from the ground to the flowers, and 
this accounts for the single-flowered varieties being free from in- 
festation. No part of the plant other than the flowers was injured 
or attacked, so far as could be ascertained. 
August 14, 1905, Mr. G. Pauls, St. Louis Altenheim, St. Louis, Mo., 

sent a specimen of this rove-beetle, which he stated was the great- 
est plant destroyer of the year at the Altenheim. The plants affected _ 
included lilies, dahlia, pansy, forget-me-not, and other soft plants, — 
which were destroyed. The beetles were described as occurring 
everywhere, but preferring a low or mulch soil, especially under fallen 
leaves. September 9, 1905, he sent additional specimens with a plant 

of portulaca, which they were attacking. In his pansy beds, which 
they had completely ruined, the chickweed and yellow wood sorrel 
were not troubled. Portulaca seemed to be a favorite food. 

November 21, 1913, the Florists’ Exchange of New York furnished 
specimens of this insect on violets, requesting the name of the insect 
and asking what could be done to remedy the evil. Exact locality 
was not furnished. 

REMEDIES. 

Acting by the writer’s advice, Mr. Barber used decaying leaves, de- 
posited in piles at regular intervals about infested violet plants. 
This attracted the rove-beetles, after which the leaves were quickly 
dipped into hot water, which killed the insects, the leaves afterwards 
being restored as traps. 

Four years after the first occurrence of this insect on hothouse 
violets it had disappeared as a pest, Mr. Barber reporting that he 
had used spinach, kale, and chickweed as traps, as advised. The 

same year Mr. Pauls reported that he had been successful in rid- 
ding his garden of this pest, at least on three of his pansy beds, by 
dusting them with tobacco. As a rule he could find no more rove- 
beetles, although in adjoining beds they were nearly as plentiful as 

before treatment. This report was received September 20, 1905. 
There can be little doubt that injury by this species might be pre- 

vented by care in looking over the soil, or the dead leaves used as a 

mulch in violet or pansy beds, for the presence of the insect. Sterili- 
zation of this material before using would result in the destruction 

of the insect and prevent its introduction into the greenhouse or 
flower beds, 
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It might be added that it is fortunate that we can control this in- 
sect by comparatively simple means, since it is not desirable to fumi- 
gate violets when they are in bloom. Nicotine extracts are practically 
impossible, because of the more or less permanent odor which would 
obliterate that of the violets, and it is equally obvious that the use of 
arsenical sprays would be inadvisable. 
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INTRODUCTION. 

The dock false-worm is the larva of an allantine sawfly (Ametastegia 

glabrata Fallén) which may be called the dock sawfly. It has long 

been known, both in Europe and America, as an enemy of dock, 

sorrel, and knotweed, all common and sometimes troublesome plants 

which are to be found growing in moist places everywhere. Its 

acquired habit of boring into mature apples on the tree, to hibernate, 

thereby destroying their market value, brings it into prominence as 

an economic pest and has been noted by several observers in this 

country. Fletcher, in 1903 (30, 31)! and 1904 (33), reported finding 

the larva of asawfly, which proved to be this species, boring into apples 

in Ontario in rather large numbers, and R. L. Webster (36) mentions 

the presence of these green worms in apples from New York, in 1908. 

Prof. A. L. Melander, of the Washington Experiment Station, in a letter 

to the Bureau of Entomology, under date of November 1, 1912, 

reports having known of the fruit-burrowing habit of this larva in 

British Columbia and since 1903 in Washington, particularly at 

Lynden, Whatcom County, where the injury amounted to about 10 

per cent. 

| Figures in parentheses refer to Bibliography, p. 38-39, 

56815°—Bull, 205—16——1 
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In the fall of 1914 the writer's attention was called to a number of 
apples which had been perforated/in ione or more places, the holes 
being round, about 2 millimeters in diameter, and similar in appear- 
ance to those caused by an apple stem or by the apple falling on . 
alfalfa stubble. These holes, however, were evidently the work of an 
insect. On cutting open these apples, one or more bright-green 
worms were found in each, in the burrows extending from the entrance 
holes. These larve were not feeding but were lymg dormant, as 
though intending to pass the winter here. They appeared to be 
the larvee of a sawfly, and, on looking up the literature, it was found 
that the larve of the dock false-worm were known to bore into apples 
occasionally. Adults were secured the following spring and definitely 
determined by Mr. S. A. Rohwer as Ametastegia glabrata Fallén. A 
visit on September 30, 1914, to the orchard from which these apples 
came, which is situated along the Entiat River, a tributary of the 
Columbia River in north-central Washington, showed that the injury 
from these larvee was of some importance, about 2 per cent of the 
early apples, Jonathans and King Davids, being injured. This 
amounted to considerably more than the injury caused by the codling 
moth, which is as yet uncommon in this valley. Dr. A. L. Quaint- 
ance, entomologist in charge of Deciduous Fruit Insect Investiga- 
tions, suggested that a study of the insect be made, and accordingly a 
number of infested apples were kept over the winter. Early in the 
spring the orchard was again visited, and several hundred hibernating 
larve, which had burrowed into the alfalfa stubble on the ground, 
were collected. With this abundant material a study of the life 
history and habits of this insect was begun, and the results form the 
subject of this paper. The writer is indebted to Mr. S. A. Rohwer, 
of the Bureau of Entomology, for suggestions and imformation 
regarding this species, and to Mr. Frank E. Knapp, of Entiat, Wash., 
for permission to carry on observations and control experiments in 
his orchard. 

HISTORY. 

The dock false-worm has been known -for more than a hundred 
years, the adult having been originally described in Sweden by Fallén 
(1), in 1808, as Tenthredo glabrata. It was subsequently described 
under several names and placed in several genera in Europe, as shown 
in the synonymy below. The larva appears to have been first recog- 
nized by Kaltenbach (6) in Germany in 1859. The adult insect was 
originally described in America in 1862, by Norton (8), as Tazonus: 
nigrisoma, and this name has been generally used in this country, 
although the name Strongylogaster abnormis was also applied to the 
species by Provancher (22) in 1885. The larva was first noted here by 
Jack in 1893. In‘a recent paper by Rohwer (37), it is considered 
that the Kuropean and American species are identical, and therefore, 
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according to the laws of priority, the specific name glabrata Fallén 
should be used, and the species belongs in the genus Ametastegia. 
The synonymy, as worked out by Rohwer, is given below: 

AMETASTEGIA GLABRATA (Fallén). 

Tenthredo glabrata Fallén, Svensk. Vet.-Akad. Handl., p. 108, 1808. 
Tenthredo (Allantus) agilis Klug, Magaz. Ges. Naturf. Fr. Berlin, viii, p. 208, 1814. 

Tenthredo ( Allantus) rufipes Lepeletier, Monog. Tenthred., p. 81, 1823. 

Ametastegia fulvipes A. Costa, Rendic. Acad. Sc. Napoli, xxi, p. 198, 1882. 

Taxonus nigrisoma Norton, Proc. Boston Soc. Nat. Hist., ix, p. 119, 1862. 

Strongylogaster abnormis Provancher, Addit. Faun. Can. Hym., p. 10, 1885. 

DISTRIBUTION. 

The dock false-worm is widely distributed in both Europe and 
America. In Europe it has been found as far north as Lapland, in 
northern Russia, and as far south as Italy. It is also recorded in 
the literature from Scotland, Sweden, Russia, northern Germany, 
southern Bavaria, Holland, and France. 

In America the dock ipso appears to be roniited to Canada 
and the northern part of the United States. Provancher and Fletcher 
have observed it in Ontario, the latter having found the larve bur- 

rowing into apples. Norton’s description of Taxronus nigrisoma is 
from specimens taken at Dorchester, Mass., and Jack found the 
larve at Jamaica Plain, both just south of Boston. From the 
other articles which have appeared concerning this species, and 
from the specimens in the National Museum collection, the follow- 
ing additional localities are taken: Stratford, Conn. (Walden), New 
York City and Flatbush, L. I. (Dyar), Seacliff, L. I. (Banks), Sher- 
brooke, Quebec, Harrisburg, Pa. (Myers), Menominee, Mich. (Chit- 
tenden and Titus), Ames, lowa (Webster), and Minnesota (Ashmead 
collection). In the West the writer has found it very abundant in 
north-central Washington, at Wenatchee and Entiat, in Chelan 

County, and Prof. Melander reports it from Lynden, Whatcom 
County, Wash., from Kittitas County, Wash., and from British 
Columbia. It is very pr obable that the species has an almost con- 
tinuous distribution in America from the Atlantic to the Pacific. It 
has never been recorded south of 40° north latitude, either in Europe 
or Amevica, although some of its food plants are found farther south. 

It is probable that the dock false-worm is distributed chiefly when 
in the prepupal or pupal stage in the dry stems of plants, for it is 
well protected here and during the winter season is to be found in 
these stems for a period of six months or more. The stems and stalks 
are very likely to be carried about in hay, packing materials, ete. 
In the egg and active larval stages the insect is greatly dependent 
on the fresh leaves of its food plant, and the adults, though active, 
are not strong flyers; thus it is not possible for the insect to travel 
far in these stages, 
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FOOD) PLANTS. 

The dock false-worm probably confines its feeding almost entirely 
to plants belonging to the buckwheat family (Polygonacez), in- 
cluding the numerous docks and sorrels (Rumex), the knotweeds 
‘and bindweeds, or wild buckwheat (Polygonum), and others.” It 
has been recorded from Polygonum bistorta in Scotland, and from 
Polygonum sp., Persicaria sp., and Rumex sp. in Germany. In 
America it has been recorded from the common knotweed (Poly- 
gonum lapathifoum and P. muhlenbergir), and from a yellow dock 
(Rumex patientia or brittanicus). The writer has taken it on 
P. lapathifolium, on bindweed or wild buckwheat (P. convolvulus), 
on sheep sorrel (umes acetosella), on curly dock (R. crispus), bitter 
dock (R. obtusifolius), and willow dock (R. salicifolius). It was also 

found by Chittenden and 
Titus (384) feeding on the 
leaves of the sugar beet 
(Chenopodiacceee), in a field 
where it had evidently con- 
sumed all of the dock and was 
forced by hunger to feed on 
this plant. The common 
cultivated buckwheat and 
rhubarb belong to the Polygo- 
naceze and may very well be 
food plants of this insect, 
though it has never been re- 
corded from them and the 
writer has not had the oppor- 

Fic. 1.—The dock false-worm (A metastegia glabrata): a, i ‘ 

Larva in hibernation cell in stalk of the dock plant; tunity of testing them. * 
b, pupa of dock false-worm in larval hibernation cell. piile ad COE Several European. writers 

have recorded a number of 
plants, not belonging to the buckwheat family, as food plants, but most 
of these are doubtful. Brischke (21) mentions loosestrife (Lythrum 
salicaria), and the common pansy (Viola tricolor). He was probably 
mistaken about the latter, in view of the fact that the larve of several 
related sawflies are known to feed on both the pansy and the violet. 
Kaltenbach (14) mentions goosefoot (Chenopodium album) and La- 

boulbéne (16) mentions a reed (Arundo phragmites), but a careful 

reading of their papers shows that they merely found the prepupal 
larvee in the stems of these plants, which does not necessarily indicate 
that they are food plants, as the full-grown larva will bore into any 
suitable stems, or even rotten wood or soft bark. Kleine (35) found 

tested as food for the false-worm larve. A number of larve of different ages were provided with these 

leaves, and fresh food was supplied daily. The larvee fed to some extent, but in a few days all had 

died, and it seems apparent that the leaves of these plants do not form a suitable food for this insect. 
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THE Dock FALSE-WoRM. 

Fic. 1.—Laryal hibernation burrow in mature apple. Fic. 2.—Injury to apples by dock false- 
worm, and rotting of fruit following injury. (Original.) 
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larve in the stalks of the orache (Atriplex nitens), and he states that 
the larye had undoubtedly fed on the pith, though he did not see 
them doing so, and did not find them feeding on the foliage. The 
writer has reared over a hundred and fifty larvee, and has seen them 
bore into pithy stems, but-in no case has he observed the last-stage 
larva feeding on the pith or on anything else. The borings are 
invariably pushed past the larva and fill up the burrow behind it. 

(Fig. 1,2.) | 
In the course of the work with the dock false-worm, larve and 

adult males and females were confined with plants of the common 
garden beet, with goosefoot (Chenopodium album), and with alfalfa, 
since many prepupal larve had been found in dry alfalfa stems. 
The adult females in every case died without ovipositing, and the 
larye died without feeding on any of the plants, although larve 
transferred from one known food plant to another, as from dock to 
wild buckwheat, readily adapted themselves to the change. 

In feeding on any of these plants, the larve devour the leaf tissue 
and the smaller veins, eating out irregular holes in the leaves. (PI. I, 
fig. 2). Ordinarily, the midribs and the larger veins are untouched. 
li forced to it, however, the larve will feed on these, or even on the 
stem, and sometimes also on the flowering parts. 

The dock false-worm must not be confused with the true apple 
sawfly (Hoplocampa testudinea Cameron) of England, which has a 
whitish larva that lives and feeds in young apples, its feeding habits 
being similar to those of the related American species, the cherry 
fruit sawfly (Hoplocampa cookei Clarke). 

CHARACTER OF INJURY TO APPLES. 

The dock false-worm is known to injure apples only in the fall, 
when the fruit is approaching maturity; that is, in September and 
October. In orchards under observation the larve were present on 
their food plants throughout the growing season, but no evidence 
of injury was found that had occurred before the apples had practically 
stopped growing, with one exception. A single Jonathan was found — 
ci October 5, into which a larva had succeeded in burrowing some 
time before the apple had reached maturity. The apple had grown 
subsequently and had closed the entrance and squeezed the larva 
to death. The greater hardness of immature apples probably 
deters the larvee from burrowing into them. There were no summer 
apples in the infested orchards, hence it is not known whether these 
are ever injured, 

The injury to apples consists externally of the small round holes 
bored by the larve, which after a few days show a slightly sunken, 

brownish ring about them and occasionally may be surrounded by a 
larger discolored halo. (PI. II, figs. 1 and 2.) These holes may 
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occur anywhere on the surface, but are most numerous about the 
calyx and stem ends, or at a point where the apple touches a leaf or 
another apple, since it is easier for the larva to obtain a foothold here. 
Within, the injury is usually more serious, since the larva often 
burrows to the core and usually hollows out a pupal cell somewhat 
larger than itself. The burrows vary in length from those just. 
started to holes an inch or two deep. It is quite evident that the 
larve are often not entirely satisfied with the apple as a place of 
hibernation and that they may begin more than one burrow. Apples 
frequently have three or four, or sometimes even eight, holes in them 
of varying depths, but contain only one or two. worms, or often none 
at all. In making counts of apples in connection with control work 
a record was kept on this point, and it was found that in 207 damaged 
apples there were 364 holes, each apple having from one to eight 
holes, and that of the 364 burrows only 66, or a little over 18 per 
cent, had been completed and contained worms. 

The burrow is more or less irregular in outline and may be curved 
or straight. At its end the larva hollows out the slightly larger 
pupal cell, turns with its head toward the entrance, and forms a plug 
across the end of the cell, leaving the outer part of the burrow open. 
This open burrow affords an easy entrance for mold spores, such as 
those of the blue mold (Penicillium), and the injured fruit frequently 
starts to rot shortly after bemg picked, especially if the weather is 
moist. The larva seems to be well protected against this mold, 
however, for the fruit tissue immediately surrounding the pupal 
cell does not rot very readily, but rather becomes dry and pithy. As 
long as the larva is not actually drowned in the fermenting juices of 
the rotting fruit it remains alive and healthy. In March, 1915, a 
number of healthy larve were taken from rotten and even mummied 
Jonathans which had been kept since the preceding September. 
These larvee were placed on moist sand, and most of them subse- 
quently pupated and produced adults. 

ECONOMIC IMPORTANCE. 

Since the dock false-worm does not feed upon any part of the 
apple tree, but must live upon certam succulent plants, mostly of 
the buckwheat family, it follows that it can become an apple pest 
only where these plants are growing in or around the orchard. There 
can be little or no danger from this insect in clean-cultivated orchards, 
or in orchards where the food plants do not exist. The possibility of 
the larvee coming into the orchard from neighboring meadows, ditch 
banks, or roadsides is slight, for the larvee are incapable of finding 
their way over any extent of bare, cultivated soil. The danger of 
the larvee adapting themselves to the apple and feedmg upon it is 
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not to be considered. The apple foliage is so much tougher and 
dryer than the succulent foliage of the moisture-lovmg plants upon 
which they are accustomed to feed that the change of food plants 
would be practically impossible. . 

This insect becomes of economic importance, then, only in orchards 
in which its ordinary food plants are growing, ond such orchards 
would naturally be those that, either through carelessness or because 
of sod or a cover crop, are not kept clean cultivated. Any orchard 
kept moist enough to support a cover crop is a favorable place for 
the food plants of the insect to grow, and since these food plants are 
widespread, the chances of some one of them, at least, gettmg into 
the orchard are very good. 
From the description of the inj ury to apples given above it will be 

seen that mdividually this insect is fully as injurious to the fruit as 
the codling moth, for a single larva will often bore several holes in 
one apple, and sometimes im several apples, before forming its final 
burrow. This burrow, too, is often larger than that made by the 
codling-moth larva and is confined to the flesh of the apple. The 
tendency of these apples to rot seems to be greater than that of ordi- 
nary wormy apples. Collectively, these larve have never proved as 
destructive as many other insects, because they have not been as 
numerous. It is not inconceivable, however, that they might, under 
favorable conditions, become a more serious pest. 

In the Entiat Valley, Washington, where this insect was chiefly 
studied, there was a large quantity of wild buckwheat or bindweed 
(Polygonum convolvulus) 1 the imfested orchards, growmg in the 
alfalfa cover crop, and this often was climbing up into the trees for 
some distance. It can thus be readily seen how the larve found their 
way into the trees and to the fruit. The Jonathan variety was the 
worst infested, since the tree is of a droopimg habit, and the many 
heavily laden branches, extending down into the alfalfa, afforded the 
larvyze an easy opportunity to reach the fruit. In the fall of 1914 the 
extent of injury in one orchard was estimated at about 2 percent. In 
1915 actual counts were made from four representative trees in this 
orchard, and it was proved that more than 5 per cent of the picked 
fruit was rendered unmarketable by this worm. This would represent 
a loss in this particular case of about 16 cents per tree, since the value 
of the fruit from these trees, which were only 7 or 8 years old, was 
something over $3 per tree. This was in spite of the fact that 
the larve had been heavily parasitized the preceding spring. The 
loss may at times be considerably higher, and, in fact, as already 
noted, Prof. Melander has written of injuries running as high as 10 

per cent. 
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DESCRIPTION. 

THE EGG. ® 

The egg of the dock false-worm is bean shaped or kidney shaped, 
and somewhat flattened, pearly white, and with a soft, pliable shell. 
It is protected by the tissues of the leaf in which it is deposited, 
(Pl. I, fig. 1.) The average length is 0.8 mm., and the width 0.6 mm. 
About a day before hatching a dark spot shows through, which is 
one of the eyes of the larva, the head being seen from the side. 
Shortly before the larva breaks through the shell the outline of the 
head is discernible. 

THE LARVA. 

The larva would not ordinarily be noticed on the plants until 
nearly full grown, and it appears at this time as a slender, hairless 
larva, with a finely wrinkled olive-green or blue-green skin and a 
scattering of conspicuous white tubercles. After passing the last 

molt, which brings it to the stage 
in which it bores into pithy stems 
or apples, the larva changes in ap- 
pearance. (Fig.2.) Itisno longer 
velvety, but has rather a sleek, 
shiny appearance, though the wrin- 
kles still persist. Its color is a 
brighter green—more of an apple 
green—and the larva seems almost 

Fig. 2.—The dock false-worm: a, Full-grown larva, 3 z 

enlarged; b, seventh larval segment, much en- translucent, since the alimentary 
larged; c, portion of cranium, highly magnified; canal is empty. The tubercles are 

d,actuallength. (Original.) : F 
no longer white and can not be dis- 

tinguished. If an infested stem or apple be cut open, the larva within 
will be found to have much the same appearance as before it entered, 
except that it has become shrunken and curved and has lost the power 
of locomotion. A detailed description of the various larval stages 
follows: 

' First instar —Length, 2.25mm. General color very light gray; iood showing through 

ereen. Somewhat slug shaped, thoracic region slightly enlarged, body tapering 

gradually posteriorly, wrinkled. Head olive brown changing to dark brown, shining; 

eyes shining black. Just before molting the larva has a shiny, swollen appearance and 
is somewhat lighter in color. is 

Second instar.—Length, 4.5 to5 mm. As before; body wrinkles showing plainly. 
Head very dark brown, nearly black. 

Third instar.—Length, 6 to 8.5mm. Dorsum greenish gray, merging gradually into 

the very light yellowish gray of the rest of the body. Body surface wrinkled, dull, 
numbers of small, sparsely-set sete being noticeable laterally; surface minutely 

reticulated, these reticulations being slightly raised and gray dorsally. Head olive 

brown; mouth parts dark brown; eyes black; thoracic legs same as body, joints marked 

by dark-brown lines. 
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Fourth instar.—Length, 9.5 to 14 mm. Dorsum dull bluish green; remainder of 

body as before. Dorsal surface crossed by whitish lines formed by the wrinkles, and 

with a scattering of whitish setigerous tubercles. Head light brown, with a dark- 
brown band dorsally and another crossing the eyes and clypeus. Mouth parts tipped 
with dark brown. 

Fifth instar —Length, 14 to 17.5 mm.; width of thorax,2mm. Body of 13 segments, 
cylindrical, slightly enlarged in the thoracic region. Integument considerably 

wrinkled, and with a very finely shagreened surface, which gives the larva a velvety 

appearance. Dorsal region to the line of the spiracles distinct olive green or occasion- 

ally bluish green; ventral region very light yellowish, color changing abruptly at 

spiracular line. 

The dorsal olive-green region appears to be crossed by more or less irregular whitish 

lines, due to the cuticular folds or wrinkles, and laterally this dark region is even 

darker, as the raised shagreening is black. The dorsal vessel shows through as a dark- 

green line. The prothoracic segment is provided with four whitish setigerous tubercles 

on each side, three of them being in the dark dorso-lateral region and one just above 
the leg. The other thoracic segments have seven tubercles on each side, having, 
besides those mentioned above, two near the dorsal line and one latero-ventrally, near 

the anterior margin of the segment. The abdominal segments, also, have seven 

tubercles, in slightly different positions, except the last segment, which has only one 

tubercle on each side of the dorsal line. The anal region is covered with small setz. 

Head narrower than thorax, minutely punctured, sparsely covered with sete, light 

brown, a dorsal transverse band of dark brown, incised on the dorsum posteriorly by a 
triangle of light brown, at each side of which is a distinct, short, longitudinal suture. 

Dorsal part of clypeus, tips of mandibles, palpi, and antennze brown. Eyes very 

dark brown. Abdominal legs, eight pairs, concolorous with venter; thoracic legs, 

three pairs, the same but somewhat more heavily chitinized, and with the joints 

marked by brown lines. 

Sixth instar —Length, 14.5 to 16 mm.; width of thorax, 2 mm. (length of partheno- 

genetic larve, 8 to 12 mm.). Similar to fifth-instar larva in shape and skin texture. 

Color of dorsal region apple green or pale green; ventral region light yellow. Dorsal 

vessel showing through whitish or yellowish. No dark contents of alimentary canal. 

The whitish tubercles have disappeared, but the setz can still be made out in the 
same positions. 

Head covered with small, irregularly rounded, slightly raised, smooth spots, inter- 

spersed with raised dots. The spots, when strongly magnified, seem to be made 

up of two or three cells, this appearance evidently being due to darker markings just 
beneath the surface. Color of ventral part very light brown, dorsal part, above eye, 

dark olivé brown; clypeus olive brown; tips of mandibles, palpi, and antenne reddish 

brown; eyes black. 

Prepupal larva.—Length, 6 to 13 mm., average, 10 mm.; male larva smaller than 
female; cylindrical, somewhat curved dorso-ventrally, shrunken. Body surface 
wrinkled. Color unchanged. 

THE PUPA. 

Length, male, 7 to 8 mm.; female, 9 to 11 mm. THElongate, slim, the male smaller 

than the female and more slender. Sexes distinguished by appearance of tip of 

abdomen, the female saws being very distinct. Dorsal region apple green. Head, 

appendages, and ventral and lateral surfaces up to spiracular line, light translucent 
whitish or yellowish, sometimes with a greenish tinge. Eyes reddish brown. 

After a few days the head and thorax become black-brown, and shortly before the 

adult emerges, the eyes, head, antenne, thorax, and abdominal plates are jet black, 

the membrane between the plates being light greenish. The legs are light ferruginous, 

except the metatarsi, which are black, and the distal tips of the protarsi and mesotarsi, 

which are dark brown. 

56815°—Bull. 265—16——2 
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THE ADULT. 

The adult sawfly (fig. 3; Pl. I, fig. 3) is a slender, blue-black, wasp- 
like insect, with reddish legs. At first glance it may be mistaken for 
an ichneumon fly, but it will be distinguished readily by its thicker 
and heavier abdomen, its relatively shorter antenne, and in the female 
by its lack of the usual long, conspicuous ovipositor of the ichneumon — 
fly. The males and females are similar, the males averaging smaller. 
The description given for Tuzonus nigrisoma by Norton (8) character- 
izes the adult very well, and is given herewith: 

Blue black, the legs dark rufous; length 0.30, breadth of wings 0.60 inch. Color 

blue black; abdomen rather long, flattened, acute; antenne slender, basal joint en- 

larged, third longer than fourth; apical joint as long as the preceding; clypeus angulate 

emarginate; labrum and base of mandibles pale rufous; legs rufous or honey yellow; 

base of coxe and tarsi black; wings faintly clouded, stigma and costa black. 

Fig. 3.—The dock false-worm: a, Adult fly, twice enlarged; b, adult female, much enlarged; c, anal 

segments of female showing ovipositor; d, tarsus of hind leg of female. (Original.) 

LIFE HISTORY AND HABITS.. 

METHODS OF STUDY. 

In studying the life history of the dock false-worm, rearings were 
made in an outdoor insectary with a roof but no sides. In order to 
rear the larve under conditions as nearly normal as possible, they 
were kept on living plants. Small plants of the common curly dock 
(Rumeax crispus) and of the wild buckwheat (Polygonum convolvulus) 

were potted in tin cans. After being kept in a cool place for a 
few days, with plenty of water, these plants appeared normal and 
made regular growth throughout the season, some of them even 
producing flowering stalks. The dock plants were by far the most 
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satisfactory, since they were more easily kept within bounds and 
their fewer and larger leaves made it easier to locate the larve. Ovi- 
position records were’ obtained by confining freshly emerged adult 
flies, either pairs or single females, in inverted lantern chimneys placed 
over these plants and closed at the top by pieces of cheesecloth held 
in-place by rubber bands. A few records, also, were obtained in 
larger cloth-covered rearmg cages. The adults were transferred, 
usually every day or two, to fresh plants, m order to ascertain more 
exactly the cubation period of the eggs. These were examined 
every morning, and the larve, as they hatched, were transferred to 
other plants, or, if not required, were destroyed, because, if left on 

the same plant, they frequently ate into the unhatched eggs. Sev- 
eral larve were ordinarily placed on each plant, smce the young ones 
sometimes fell off and were lost. There was a great regularity in 
the early molts, making them easy to keep track of, and as the larvee 
erew larger they were moved to new plants, only one or two being 
kept on a plant. The larve showed little inclmation to wander, and 
the plants were left uncovered on the shelves. As the iarve neared 
the final stage, however, a lantern chimney was inverted over the 
plant, and several pithy stems, such as those of wild mustard, were 
placed in the chimney for them to burrow into. However, if the 
larve were discovered just after the last molt, they were transferred 
to cotton-stoppered glass vials with one of the stems, since they 
sometimes burrowed into the ground instead of into the stems. Pu- 
pation was observed by splitting open the stems a few days after the 
larve had entered. This did not affect them at all, except that dur- 
ing the hot, dry weather they showed a tendency to dry up and die, 
either before or after pupating. This was avoided by moistening the 
cotton plugs and by keeping the vials in an improvised moist chamber 
made of a large lard can. Experiments showed that this did not 
materially affect the pupal period; indeed, the presence of moisture 
is undoubtedly a normal condition, since the dead stems in which the 
larve naturally pupate must lie on or near the moist soil in which 
the food plant is growing. These careful laboratory studies were 
supplemented by observations in the field, covering chiefly the 
natural habits of the insect. 

NUMBER OF GENERATIONS. 

Four generations of the dock false-worm have been distinguished. 
The generations overlap and become somewhat confused, the reason 
being apparent when it is noted that the emergence from overwinter- 
ing larve of the spring brood of adult flies in 1915 covered a period 
of seven weeks, namely, from April 13 to June 4, with a single emer- 
gence on June 16. In rearing this insect, it was planned to carry a 
genealogical series through the season. This attempt was only par- 
tially successful, since the hot, dry weather of the latter part of July 
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cut off the adult emergence of the second generation to a great extent, 
and, while a number of males were secured, only a single female 
emerged. The offspring from this female were successfully carried 
through, however, to four complete generations, the larve of the 
fourth generation, of course, hibernating in their pupal cells and form- 
ing spring-brood pupe and adults the following year. Additional 
records were obtained by collecting eggs in the field at the time the 
second-brood adults were emerging and rearing the larve from these 
eggs. It is reasonable to suppose that these eggs were deposited by 
second-brood adults, since they were collected after July 15, and no 
spring-brood adults had emerged from the overwintering material 
after June 16. In selecting adults for oviposition in the insectary, 
those emerging early and late were, if possible, disregarded, and only 
those emerging during the period of maximum emergence were used. 

Since it was not possible to rear a sufficient quantity of the false- 
worms to get an adequate idea of the time when each generation 
occurred in maximum numbers, field observations were made from 
July 1 to September 8, once a week or oftener. This work was done 
near the field station at Wenatchee, Wash. As many worms as 
could be found in a couple of hours were observed, and the instar 
or stage in each case was recorded. From these figures the per- 
centage of each instar for each date was worked out, thus indicating 
the broods. Since the infestation was not great enough near We- 
natchee to afford a large number of worms for examination at each 
date, the number running from 20 to 100, the detailed figures are 
not given here. The diagram in figure 4, however, shows graph- 
ically the percentage of full-grown larve found on each date. As 
these figures do not cover the whole season, the lower line is added © 
to the diagram to show the actuai number, and not the percentage, 
of first and second brood larve passing the final molt each day, 
from among those reared at the laboratory. It will be seen that 
where these two lines overlap they correspond fairly well, and the 
two together show at a glance when the larve of each generation 
attain maturity. The curves are shown for the mature larve, since 
these are the only ones that ever injure fruit. 

HABITS. 

Since the habits of the individuals of all generations of the dock 
false-worm are the same, they will not be considered separately. 
As we have already indicated, the eggs are deposited in the leaf 
tissue of the food plants (Pl. I, fig. 1). The larve, in escaping, eat 
a small circular hole through the eggshell and the thin epidermis of 
the leaf, usually the lower, and crawl out. They begin to feed at 
once, finding a secure foothold on the rough lower surface of the 
leaf. At first they eat only through to the upper epidermis, leaving 
this intact as a thin membrane, but after passing the first molt they 
begin to eat clear through the leaf, forming irregular holes. 
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The larve molt five times, passing through six stages or instars. 
During the first and second instars, or until the second molt, the 
larve usually remain on the same leaf. After this they become 
more or less restless and find their way to other leaves, especially 
if the first leaf has been supporting several larve and is mostly 
eaten. The younger larve le securely in the hollows they have 
eaten out of the leaf, clinging to the lower side of the upper epider- 
mis, and they are not easily dislodged. The large larve simply lie 
at full length on the under surface, and if disturbed, curl up the 
posterior part of the body, holding to the leaf only by the thoracic 
legs. If the disturbance continues they loosen their hold and drop 
to the ground, later findmg their way back to the leaves. This 
death feigning, if it may be so called, is a characteristic of this type 
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Fig. 4.—The dock false-worm: Diagram showing seasonal abundance of the generations. (Original.) 

of sawfly larva, and where the larve are numerous a veritable shower 
of them will be produced by shaking the plants. 

The larva ordinarily molts on the leaf where it has been feeding, 
but sometimes it will migrate to the leaf stem or the base of the 
plant. It remains quiet for a time before molting, and then the 
usual peristaltic motion is noticeable. The integument of the head 
soon splits along the dorsal line to the clypeus, the split forking 
here and following the clypeal sutures. This frees the head of the 
larva, which is pushed out, followed by the thorax, and a little time 
elapses before the mouth parts and thoracic legs are pulled out of 
their old coverings. Since the posterior part of the old skin is at- 
tached to the leaf by means of the hooks on the abdominal legs, the 
larva is soon able to crawl out, the whole operation occupying six 
or eight minutes. After molting the larva rests for 10 or 15 minutes 

in order to allow the new integument to harden somewhat, where- 
upon it is ready to feed again. The molted integument is not eaten, 

_ but remains adhering to the leaf or stem. 
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No food is taken by the larva after passing the fifth molt and 
entering the sixth or last instar. The larva usually remains quiet 
for a time after this molt, as after the others, and then begins to 

_ search for a suitable place in which to pupate. This, as a rule, is 
a dry, pithy stem, such as the flowering stalk of the dock or pigweed, 
or a dry alfalfa stem. It will also bore into rotten wood or soft 
bark, if nothing better is available, and, under laboratory conditions 
at least, will occasionally burrow into the moist earth at the base of the 
plant. Upon finding a suitable stem the larva at once commences 
to burrow into it. If the stem has been cut, as may frequently be 
the case with alfalfa, the larva burrows into the pith at the cut end 
and soon disappears. Otherwise, 1t burrows directly into the side 
of the stem, cutting out a circular hole and then hollowing out the 
pith within the stem, working the pieces back to the opening with 
the feet (fig. 1). 

The larva burrows an inch or more from the opening and hollows 
out a pupal cell somewhat larger than itself. When this is accom- 
plished the larva turns around within the cell, returns to the opening, 
and caps it over with a regurgitated, translucent, mucilaginous sub- 
stance, mixed with bits of pith. This substance is smeared around 
the edge of the opening, the mouth parts and fore legs aiding in the 
process, and the head is moved back and forth until the hole is closed. 
After this the larva can be seen for a time through the cap, but as the 
latter is thickened from within the actions of the larva become indis- 
tinguishable. The larva then gives its attention to the pupal cell, 
cleaning it out and often filing up the burrow behind it with pith. 
A specially compacted mass or plug of pith is formed at the entrance 
to the pupal cell, as an additional protection, and after completing’ 
this the activities of the larva are over, and it soon becomes shrunken 
and capable of only a slight squirming motion. 

The amount of time consumed in making this burrow and formmeg 
the pupal cell naturally varies with the condition of the wood, but it 
usually occupies six or eight hours, unless the larva bores into the 
cut end of a stem, when the time is considerably shortened. One 
larva under observation started to bore into the side of a stem at 
11.15 a. m., and began to cap the opening at 4.35 p.m. The opening 
was closed at 5 p. m., and the larva undoubtedly took some time sub- 
sequently to complete the burrow. Another larva started its second 
burrow at noon, after having worked three and a half hours on the 
first, only to find the stem already occupied, and completed it by 
6 p.m. In the breeding cages, where pithy stems were always avail- 
able for the larvee, they almost invariably had completed their bur- 
rows within 24 hours after the last molt. The larve of the summer 
generations remain in this cell six or eight days before pupating, while 
the larvee of the last generation pass the winter here, remaining in 
the cell six months or more. 
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In collecting these wintering larve in the spring it was observed 
that when a larva bored into the side of a stem it always formed 
its pupal cell below the entrance, unless the stem lay in a horizontal 
position, when it might go either way. In nearly all cases, but not 
invariably, the head of the larva lies toward the entrance, so that 
escape may be facilitated. Where the insect is common, more than 
one larva will frequently be found im one stem, and sometimes as 
many as four, or five, or even eight. It sometimes happens that a 
larva in forming its cell pushes the lower plug down too tightly on 
the larva below, with the result that the latter is killed. 

The pupais able to wriggle about in its cell to some extent but does 
not force its way out to the entrance when the adult is ready to 
emerge, as is the case with many wood-boring insects. Several hours — 
before emerging the legs, mandibles, and labrum become somewhat 
freely movable, with the strengthening of the adult muscles within. 
After casting the pupal skin the adult sometimes lies in its cell for a 
day or two, especially if the weather is unfavorable (fig. 1, 6). It 
escapes through the original entrance, biting a hole in the cap. If 
two or more adults are confined in a single vial for several days after 
emergence they often mutilate each other. sometimes biting off all 
the appendages. 

The adult flies are quite active and take flight readily. They spend 
their time flying and crawling. about over the larval food plants and 
‘the neighboring vegetation, and it is unlikely that they get very far 
from their birthplace, unless carried by the wind or some other 
agency. Copulation has not been observed, although numbers of 
pairs were under observation in breeding jars. No food was observed 
to be taken, except that the adults occasionally lapped up the little 
moisture that occurred on the leaves. 

The female usually oviposits from the upper side of the leaf, and 
the egg appears below, very close to the epidermis, in a raised blister 
about 1.2 mm. long. The ovipositor (fig. 3, c, and fig. 5) is thrust 
into the leaf and gradually worked around to one side by a sawing 
motion until a nearly circular cell is cut between the upper and lower 
leaf epidermis. When this is completed, the ovipositor is slowly re- 
moved as the egg is deposited. In eight timed ovipositions the op- 
eration occupied from 25 to 75 seconds, with an average of 45 sec- 
onds. Frequently the eggs are laid in chains, the female after laying 
one merely moving forward a little and depositing another. Ovipo- 
sition ordinarily begins within a.day after emergence and continues 
for several days, the majority of eggs, however, being deposited the 
first two or three days. 

PARTHENOGENESIS. 

Parthenogenesis—that is, the production of young from unferti- 
lized eggs—has long been known to occur among the sawflies, and the 
males are ordinarily less common than the females. This partheno- 
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genesis may take one of several forms. Unfertilized females will de- 
posit eggs which either will not hatch or will hatch and the resultine 
larvee will die before attaining maturity, or the larve from such eggs 
will produce only male adults. The dock false-worm belongs to the 
latter class, the unfertilized females ovipositing normally and the 
eggs hatching and ultimately producing males. 

Great care was taken in rearing the dock false-worm to ascertain 
the status of parthenogenesis in this species. Single pup were kept 
separate in glass vials, and females emerging from them were confined 
alone with the larval food plant. They appeared as eager to oviposit 
as those confined with males, and the average number of eggs deposited, 

Fig. 5.—The dock false-worm: a, Superior saw blade of the ovipositor of adult female; 

b, inferior blade of ovipositor. Highly magnified. (Original.) 

by. them was greater than that deposited by mated females. The 
period of development of all stages, as a rule, averaged somewhat 
shorter than that of normal individuals, comparison, of course, being 
made only with normal males developing under identical conditions. 
The figures for parthenogenetic individuals of the various broods are 
given below, under the heading ‘‘ Life-history studies,” where they 
are kept separate from the figures for normal individuals. Table I 
compares the period of development of normal males and partheno- 
genetic males of the first, second, and fourth generations. No 
parthenogenetic individuals of the third generation were reared. 

TaBLE, 1—Comparison of life cycle of normal and parthenogenetic males of the dock 
false-worm, Wenatchee, Wash., 1915. 

Average number of days in— 

Generation. Origin of males. 
° Egg | Larval| Pupal met 

stage. | stage. | stage. cycle 

IBS berets se eo Normals. 222 55 503,253 5 eee eae ees eae 11.5 33.6 5.5 50. 7 
Parthenogenetic =: sewn: eee ees ea reaper ey 11.2 29.7 5.2 46.1 

S€condpeeseaeteeeer Normals. 253250222 Sa aa ee eee se ees 6.0 20.9 5.4 32.3 
Parthenogeneticw:. oe er ie ee gee ee 4.2 20. 6 6.3 31.1 

Moureh ees eee see Ormal 2-year eee 4.8 Ho seamcaas 32. 6. 
ParthenogenetiC:=< 2.352) e as eee soe ee 5.8 2653)|-e eee 32.6 



THE DOCK FALSE-WORM. 17 

LIFE-HISTORY STUDIES. 

The life-history records given below include records of both normal _ 
and parthenogenetic individuals. Where both records occur, these 
are kept separate, smce the normal proportion of individuals of 
parthenogenetic origin in nature is not known. Records of normal 
males and females are also kept separate in the complete life-cycle 
tables, except in the table referring to the fourth generation, the in- 
dividuals of this generation being still in the larval stage at the time 
of writing. 

SPRING BROOD OF PUPZ AND ADULTS. 

Pupal period.—The pupation records of the spring brood of pupze 
and the subsequent emergence of the adults were obtained from the. 
overwintering material collected in the Entiat Valley, Wash., om 
March 17, 1915. Table II gives the length of the pupal period of 40) 
males and 71 females of the spring brood of pupe. The average pupal 
period for males of this brood is 10.2 days, and for the females 10.6 
days. 

TasBLe Il.—Length of pupal period of spring-brood pupx of the dock false-worm, 
Wenatchee, Wash., 1915. 

; Males. Females. 

Date of— Days— | Date of— Days— 
Number |, Number 

Siinals. | P | = viduals. | P E viduals. upa- | Emerg- ; ; viduals. upa- merg- “ila oncee. | Each. | Total. | Ag encee | Zach. | Total. 
| i| 

1 | Mar. 31 | Apr. 13 13 13 1 | Mar. 31 | Apr. 14 14 14 
jot) amie (eee Apr. 14 14 14 2} Apr. 7] Apr. 18 11 22 
1; Apr. 5] Apr. 18 13 13 i | PAV esia S| eye CL On ener 10 10 
1} Apr. 6 (lO=-=- 12 12 3} Apr. 10 | Apr. 19 9 27 
Piapre 7 Gots222 11 ll Tn eaprail Feed Of see 8 8 
2; Apr. 8] Apr. 19 11 22 2) Apr. 12 | Apr. 20 8 16 
2) Apr. 9 O22253 10 20 1 dove. Apr. 21 9 9 
2} Apr. 10 |...do..... 9 18 1 | Apr. 13} Apr. 22 9 9 
aueApr:, 11 |. ..dos.a- 24 | (P| BARK eesae Apr. 23 10 70 
LON Ea iD ers Fo 7 7 1 dove. Apr. 24 11 11 
oT ee pee Apr. 21 9 36 5 | Apr. 14 | Apr. 23 9 45 
Ler: ae Apr. 23 11 11 | 4 (OL aee Apr. 24 10 40 
3 | Apr. 13 |...do..... 10 30 ge aya ka a Apr. 25 rol ret 
2 eG: Vs Apr. 24 11 22 | Za epi Loy e=-dOese 10 20 
1} Apr. 14] Apr. 23 9 9 3) Apr. 16 (lope -- 9 27 
2 G0:-2,: Apr. 24 10 20 4 GOs rn. Apr. 26 10 40 
1 dost... Apr. 25 11 11 LN LN AM so kaye oe 9 36 
1] Apr. 15} Apr. 26 11 11 7 Gos eee Apr. 27 10 70 
2| Apr. 16 |...do..... 10 20 1 doze. Apr. 28 11 a 
3} Apr. 17 | Apr. 27 10 30 1} Apr. 18} Apr. 27 9 9 
1 G0z.05- Apr. 28 1] 11 Bi peehOsLest Apr. 28 10 20 
2) Apr. 19} Apr. 29 10 20 3 do..... Apr. 29 11 33 
1| Apr. 23| May 5 12 12 | AD Ne LO) edOsce si. 10 20 
1| Apr. 24} May 6 12 | 12 2 (ote eee me May 2 13 26 

——__—— | —|} 1 Gosee. May 4 15 15 
40 | 41 ALN 3%) 9) 240) bala o Vo pegs 14 14 

2| Apr. 21] May 5 14 28 
Average length in days............. 10, 2 1} Apr. 24| May 6 12 12 
hele tr ee an Se ae 14 |} 1} Apr. 26) May 8 12 12 
liviivtienn kealge Mey pe See eee Hawt PNT -NSo) OY | Wen Ko Lae 11 22 

1| May 4] May 18 14 14 
1| June 9} June 16 7} 7 

71 758 

Average length in days............ 10,6 
BURA ors ie 2 wn ah x c's a Bate iidha wa 15 | 

1} DEMEELORU Spa S aiarte Eblaiee vely dwicie’viae oi f 

56815°—Buli. 265—16 3 
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Emergence of spring-brood adulis—Table III gives the time of emer- 
gence of 201 adult male and female sawflies of the spring brood, 
including those hibernating both in stems and in apples. The emer- 
gence covers a period of over seven weeks, disregarding the single 
female that emerged on June 16, but the maximum emergence 
occurred on April 23, only 10 days after the first emergence. 

TasLe III.—Time of emergence of spring-brood adults of the dock false-worm, Wenatchee 
Wash., 1915. 

Number of— Number of— 

Total Total 
Date. l number. Date. number. 

Males. | Females. Males. | Females. 

| 
MALIN TE LS ae pae arene ree 1 | 0 it i Miaiyg 2 eee ees ee 1 2 3 
DNF oyeE AALS A 1 1 DAW WEAN I or 2 Ma I ee Sern 2 2 4 
UN 0) ea at ae ils) 0 Mellen Ga yee ae ed 1 5 6 
WATE Geert ner ee i 0 Te ieny Goes soosseosee 1 1 2 
ApS essen ae 3 3 Get Pe Mlaye( 5 Sse nee yee 1 5 6 
PATA Sepa caja 14 | 4 US) | Werte ea5oosoeocee 0 3 3 
iMprs 20 eeeewasceen 6 10 TGS | Ie os eases 0 1 1 
AprsQh ies cease cc 5 1 @ lI duleny es Apegocesoas 1 2 3 
Apr E22 ne cease 4 1 Oia | NE aiye20 ae eee il 0 1 
EAT E232 Nee lee cee 12 17 PYM Wile? Pil eee each eae 0 1 1 
IAPR 24 Soe, sae eece 7 6 USAW IME yore eee see 0 il 1 
BADER = ate cite ace cate 2 | 10 WP WOMAN Pile os ceca so sos 1 1 2 
WADE 2G ee eee fd 14 | PALS) | dibua\e\ eo eGGee aco 0 3 3 
Nines Moa dweeceke: 3 11 14 |\) Swit 1B 55 goceanse- 0 1 1 
INDER 2S a tre-vte aso 2 Z| 9 — 
EAD 29 ae oe etioce 3 7 10 Mobaleeereesss 81 120 201 

Length of life of spring-brood adults.—Table IV gives the length of 
life of 7 males and 11 females confined in lantern chimneys placed 
over the larval food plant. 

TasLe LV.—Length of life of spring-brood adults of the dock false-worm, Wenatchee, Wash., 
UDUS,. : 

Males. Females. 

— — | Date— Days— 
Number pate Days || Number : ue 
of indi- | : || of indi- —— 
viduals. | merged.) Died. | Bach. | Total. || Viduals. Emerged.| Died. | Each. | Total. 

| ! 
1| Apr. 23|May 8] 15 15 || 3 | Apr. 23| May 8 15] 45 
1 |...do....|May 9 | 16 16 | 3 | Apr. 24| May 5 11 33 
1 | Apr. 24 | Apr. 28 | 4 4 1} Apr. 28| May 8 10 10 
QW edo nes | sMehyitror| 11 | 22, | il DG. 544) Mex oo 1 rat 
1 | Apr. 28) May 8 10 10 1 exon May 13 15 15 
1} Apr. 29 | May 21 | 22 22 | ieee dor May 15 17 17 

| 1| May 2] May 14 12 12 

7 | 8a || u 143 

Average number of days...........-.- 12.7 || A 2rage number of days..-.....-...-.. 13.0 
i Rehrerban yp bina Neues Re saeisiale (oct era a i 22 Me SENN. 2 ea ere era oe ee eee 17 
IN bhaW loa bra aes Baer cee ke Os a 4 Nites eases eo syesld s55 eee i0 

There is little difference between the length of life of the males and 
females, the average being 12.8 days, and it is probable that adults in 
the open would average about the same. Thirty-five adults were 
confined in the glass vials in which they emerged, with no food or 
moisture, and these lived an average of only 8:3 days. 
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Oviposition of spring-brood adults —Spring-brood adults begin ovi- 
positing within a day of emergence. The maximum period observed 
was 9 days, with an average of 2.9 days, figuring from date of emer- 
gence to date of deposition of each egg. Six mated females of the 
spring brood deposited an average of 103.6 eggs, the maximum being 
117 and the minimum 89; five single females deposited an average 
of 109.4 eggs, with a maximum of 125 and a minimum of 102. 

FIRST GENERATION. 

Incubation period of first-brood eggs—Table V gives the length of 
the egg stage for 446 fertile eggs and 301 parthenogenetic eggs de- 
posited by sprine-brood females in living plants. The fertile eggs of 
this brood have an average incubation feacd of 10.7 days, as against 
9.9 days for the parthenogenetic eggs. 

Taste V.—Length of the incubation period of first-brood eggs of the dock false-worm, 
Wenatchee, Wash., 1915. 

Fertile eggs Parthenogenetic eggs. 
| 
I 

ine Date— Tneu- Num- Date— Incu- 
ber of Yation| Total || ber of bation] Total 
eggs. pe- days. eggs. : pe- days. 

Deposited. Hatched.| riod. Deposited. Hatehed.| riod. 

| 

28 | Apr. 25-26...... Mayet 1055 332 86 | Apr. 29.. May 9/1] 10 860 
| See WOeso aes. May 8] 12.5 62.5 Nee be GOS. See May 10] 11 110 

98) Apr..20-27-.-.. ~ Meiva eia|) all 1,078 118) | Spee COS a ae ne May 11| 12 12 
AA G05 sacd-' May 8] 12 528 ee ces GOES Semone May 12] 13 13 
Tt ee ates GOeet ae -....| May 9 13 oie el iM eae se COE es ee May 15] 16 16 

43 | Apr. ae eae ae May 8 9.5 408.5 | 12 | Apr: puiey 5 .-| May 13) 11 132 
py) oh ae May 9/1] 10.5) 1,071 QnlsuesdOwrecte do Le8 May 14] 12 108 

yee ear oa May 10] 11.5 69 16 Meer oo lo May 15 8 128 
250) i Eee eee May 9] 10 250 | a here Oocsccrens May 16 9 9 
Fi | aa GO: ac0 e824 May 10] il 44 Onlesees (Clover tees ie May 17) 10 60 
2) bee re a May 11] 12 24)! in |e ote KG(G)e ye da May 18] 11 55 
that eoapsaaes 1 ae May 13| 14 14 | aN ees Glos ae eee May 19] 12 24 

12 | Apr.30-May-5.| May 11 8.5 102)" 12)| May 5-8........ May 14 ao 90 
A eee (6 ata May 12 9.5 76 Sle ltoaee IOS Sexo eriee May 15 8.5 | 263.5 
1 ee Sees May 13] 10.5 525 Siieaiee ClO ase Bees May 16 9.5 76 
Ld ee WOrea veo May 15 12.5 i114 D> | aha COs x oer May 17| 10.5 | 220.5 
MEMay 5:5. 242. May 16! 11 11 No iGr le eeaee GbR ek sane May 18| 11.5 | 184 
i teas ae May 17| 12 12 || te ee doer oe May 19] 12.5] 100 

—- —————| A Mare OL aaa. 1s.: BaCLOs eae 10 40 
446 } ; : 4,800.5 || Pilea Choa oreperae May 21] 12 36 

Average incubation period..-............ 10.7 |} Dl aie omar May 24] 15 20) 
Lr LOT eo BE ee eee cee ee 14 || BOul aoe coe ulea. June 3 9 342 
TTT a OA NE Se oe a a ee 6 Bil MGR OBS cs | June 4 9 45 

Bie (Oem eorte June 5] 10 30 

301 2,984 
Average incubation period..............- 9.9 
Ma MManIInetet esa tect ac sek ote cwe cee tans 16 

[Ret ahbonbbogls: <2 YS econ eeety as nee natty 6 

Length of life of first-brood larve by imstars.—Seventy larvee from 

fertile eggs were reared, at least to the third instar, but of these only 
31 were carried to the pupal stage. A partial record was obtained of 

19 parthenogenetic larve, and a complete record of 8. Table VI 
gives a summary of the length of larval life by instars, of all larvee 
reared, 
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Taste VI.—Summary of larval life of first generation of the dock false-worm by instars, 
Wenatchee, Wash., 1915. 

Normal larve. 

First instar. Second instar. | Third instar. | Fourth instar. Fifth instar. Sixth instar. 

CS — | ee et | ey ps = a a) + ee — i C=) & oa 
on oS na oR og wa || See og wn on og vi Oo og a on Sr a 

a = > o SS 3 S42 | oS at) 3 o| = | ie SS 

Bo | SS| S |Se|88) so |Se/SS| 5 |Sc/88|/ 5 | 5 /83| 5 | 8a/35| 8 vane | der © Sai|on| = (Selenla lSelec| a2 | ee les] a )/es oe?) 
Se ES) SERS ELS) Sy VELA ELS) SS ERS ES) SB Pee |S) & | Se esl S 
sa |/53a 5 Se Ss) cl || ay esis) | ust 3s) |) Sire! || Sic | a5 Bo |sal/ 6 Sirs} 4) Sie |! Ss 

BAS et eS ee Se eT ey | Ser) ea aa 

21 4.5 94.5 2 2 1 2 2 4 2 8 1 1 1 5 5 25 
3 5 15 4|3 12 7 3 21 5 3 15 1 2 2 7 6 42 
Loy @ 6 16 | 4 64 | 28 4|112) 30 4 | 120 2 3 6] 6 C922) 
85) 6850) 52 2| 4.5 9] 20 5 | 100] 18 5 | 90 4 4| 16 3 8} 24 

Wp 77 21 | 5 105 6 6 | 36 3 6] 18 12 5 | 60 5 9| 45 
DN zesty) Ns PD |) Gy Tat 5 Lh 3 3 Z| Mil 16 6 | 96 Wel uh te nti 
BY reits} 24 19 | 6 114 2 8 | 16 1 8 8 9 || 3 BES) De 11 
12-805) | 102 2"625) |) 13 a1 ed a) |) 10) 1) -@) 6 8| 48 IE ale} igs 
3129.5) 2855 P|) 7 14 |—_ =| ——_|_—_— 1 9 9 ely Are 
1 | 10 10 1/8 Bl 7M |esene ye Ga bee. 290 4} 10) 40 IL |) B83 
2) 10.5 21 ——_'|——_|_—_| Av....... Veta Nae esse 4.4 3 11 33. |——|—_ —|_——_ 
2/11 22 WO lesces 352 | Max Bo) 2s) IMI 10 3 12 36 SL ees 254 

——— BAI SBIR es Whine east Py Wiha oe 2 2 |———|_—_-|—_ Av........ 8.2 
Goals ee 467 Mia Sees 8 (WY |lscooc 410 | Max.____.. 23 

BA een a Na 8 O72 ]] Matin oo 2 ee 2 Ae e ees aoe EG) | Wiig 5 
IN AES Sayer 11 Wik Goee 12 
Mihai 4.5 IM SIT eee 1 

Parthenogenetic larvee. 

First instar. Second instar. | Third instar. | Fourth instar. Fifth instar. Sixth instar. 

Sasol os |S4\54| .\selsel eleaio.|\F leas Soe 
3 _s a uc a = Ls is = _3 H _S Ve ie & Le ws a 

22/82) 3 |8e)/S5| co |e /28| So (Bel ss| co | sol se| So | Boles) s 
Be SSS GES) GS eeieSre Ee ESP evra esis) 2 |e) & 
Sigs) tS} Ss SSs| SS PSS Sil iS) | Sra sical ite. || Siro Sic sin Sc meticcal cs 
rae) aie | a Wee Tet veel) rai) it iads| Panel ee vale ee) zs) cS 

| 

il 2.5 2.5 4 3 12 yp 3 2 2 4 3 il 3 1 5 5 
2 4 8 10 4 40 16) 4 64 6 3 18 3 2 6 2 7 14 
il |p 5 5 Dy pe25) em elie 4 4| 16 3 3 9 5 &| 40 
2 6 12 —-—|——_-|—_| 1 | 6) 6 4 5 20 4 5 20. |———|—- —— 
Bl BH 18 I@ |oeece Bei | | =| 1 Sales Sree | 59 
2 7 14 UNS Etat 4 Ae ia ae ae 78 IOs aeae 58 |———|——-|-__ Av.....-.. 7.4 
6 To® 45 IM aera Saline ee ee ters Ay | AG ypaes se 3.6 T4 see Jy! 46) Miaxca ee 8 
2 8 16 IME Sie ee Sul Mia xa sae 6 | Max 78 WAN Venere 345); |e eee 5 
il) eh) 8.5 Mins eae te 33 |] Wim. oo 2 | Max 8 

——_ —__|—-—— Mineeee ne 1 
Oi eee 124 

UA yiiines Seapets 6.5 
Miata ae cea nae 8.5 
WW ota ea 255 

Length of life of first-brood pupe.—Records of the pupal period 
were obtained from 10 parthenogenetic pupz, 9 normal male pupe, 
and 22 female pupz, and a summary of these records is given in 
Table VII. 
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Taste VII—Summary of pupal stage of first generation of the dock false-worm, Wenat- 

Parthenogenetic males. Normal males. Females. 

Number ane Number peUs Number DENS 
of indi- of indi- of indi- 

viduals. | pach Total. | Viduals.| pach. | Total. | VidUals-| pach Total. 

i 4 8 1 4 4 il 4 4 
5 5 25 2 5 10 9 5 45 
2 6 12 6 6 36 10 6 60 
1 a 7 1 ra 7 

1 8 8 
Diet Nenice ae 50 

TO eee ee 52 —_—_———— 
AVOLS LO. 534-5 See eee 555) 22K) | pete Aa Be 124 

Acverate: 22. sok 5.2 Maxammumss-* os eee 6 
LS Tr 1 7 Minimum sss eee Ae pl WAN CLA COS akeiik Eee 5.6 
LTT Tr ee 4 ita xei aa Ta eee 8 

IMGiaNtTAIaA. Boo S88 ac 4 

Life cycle and emergence of adults of first generation.—Table VIII 
gives the complete life cycle of 10 parthenogenetic males, 9 normal 
‘males, and 22females. By life cycle is meant the period of growth, 
or the period from the deposition of the egg to the emergence of the 
adult. It does not include the length of adult life, during which no 
growth occurs, nor the interval between emergence of adult and ovi- 
position, these figures being given in a following paragraph. 

Tasie VIII.—Length of life cycle of the first generation of the dock false-worm, Wenatchee, 
Wash., 1915. 

Parthenogenetic males. 

Date of— Days in— Indi- ate ays 10 otal 

via! Egg dep-| Hatch- Pupa- Emer- Egg | Larval] Pupal | cycle 
. osition. ing tion. gence. | stage. | stage. | stage. |indays. 

1 | Apr. 30 | May 13] June 15} June 20| 13 33 5 51 
2 SAO Se Lee @aessse June 16 | June 22} 13 34 6 53 
OM eAGO-as 300.552) June 17 | June 23 | 13 35 6 54 
4 | May 1] May 14] June 15] June 20| 138 32 5 50 
5 2A05--54|5- 00s . do. dose. 13 32 5 50 
6 | May 9] May 19] June 14] June 19| 10 26 5 41 
7 adO- = a0 oe June 17 | June 24} 10 29 7 46 
8 | May 25] June 31] June 30] July 4 9 27 4 40 
9) | 2<do-- .do. a0 eseera es do--2a5 9 27 4 40 

10 | May 26 | June 4] June 26] July 1 9 22 5 36 

1100) 75 (BERS 5 eet ere ee ES SL 112 297 52 461 
Average number of days.......-..-..-.----2+ ule 29.7 Be 46.1 

Maximum life cycle, 54 days; minimum, 36 days. 

Normal males. 

1 | Apr. 25| May 7{| June 10] June 16] 12 34 6 52 
2 | Apr. 27| May 9/ June 19} June 24 12 41 5 5S 
3 }...do. ..do...-.| June 21 | June 27] 12 43 6 61 
4 | Apr. 30| May 13 | June 10] June 16} 13 28 6 47 
5 |...do .do. June 11 role) pee 13 29 5 47 
(ay PO Bs ee G0-0.ms June 13 | June 17] 13 31 4 18 
a? \oscdoe SODsce re June 16] June 22] 13 44 6 53 
8 | May 8| May 16 |...do G0. seas 8 3 6 15 
9 .do.. do.. June 17 | June 23 8 32 6 16 

OB eee ee uae CSR SHEED no o'es.c rnp seem 104 303 50 157 
Average number of days..........20-sseceeucs 33.6 5.6 50.7 

Maximum life cycle, 61 days; minimum, 45 days, 
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TasLe VIII.—Length of life cycle of the first generation of the dock false-worm, Wenatchee, 
Wash., 1915—Continued. 

Females. 

f— D in— ae Date o ays in Total 

vidual ie 
No. Egg dep-| Hatch- Pupa- Emer Egg | Larval| Pupal mu 

osition. ing. tion. gence. | stage. | stage. | stage. | mel 

1 | Apr. 25| May 7| June 8/| June 15) 12 32 7 51 
2 fo) do Bre Ota June 16 | 12 32 8 52 
3 dors. doz June 10 |...do--... 12 | 34 6 52 
4 Goze |-e Gomess Ere dors: iy-(OK0 Hear 12 34 6 52 
5 doe ear Ones June 13 | June 18} 12 37 5 54 
6 doseee dosae- June 22 | June 28} 12 46 6 . 64 
7 | Apr. 27| May 8 | June 12| June 17] 11 35 5 51 
8 do do June 15 | June 20| 11 38 5 54 
9 | Apr. 28) May 9 |...do...-.| June 21] 11 37 6 54 

10 oe Til.» Wei 6 54 
11 11 | 40 5) 56 
12 11 42 6 59 
13 11 46 5 62 
14 11 37 6 54 
15 11 38 6 55 
16 11 38 6 55 
17 11 40 5 56 
18 11 42 6 59 
19 13 28 5 46 
20 15 26 5 46 
21 16 34 4 54 
22 17 37 5 59 

Tota esas hae eee Sle ee eae oe aes 265 810 124 | 1199 
Average mum penof dayss 42295 epee oe 12.0 36.8 5.6 | 54.5 

Maximum life cycle, 64 days; minimum, 46 days. | |- 

INormalaveracelitercy. clases esse ee eee 10.71} 35.9 5.6 53.4 

1 Taken from Table V. 

The parthenogenetic life cycle averages 46.1 days, the life cycle of 
normal males, 50.7 days, and the female life cycle, 54.5 days. The 
average life cycle of normal individuals of both sexes is 53.4 days. 

Length of life of first-brood adults ——The warmer weather at the 
time the first-brood adults are flying appears to reduce the length of 
their lives, and the average of six adults was 5.3 days, with a mini- 
mum of 3 days and a maximum of 7 days. 

Oviposition of first-brood adults—Oviposition begins, in the case of 
first-brood females, sometimes within a few hours after emergence, 
and the maximum period observed was 5 days, with an average of 
1.7 days. Eggs were secured from six mated females, the average 
number being 62.3, with a maximum of 92, and a mimimum of 39; 
four single females deposited an average of 67.7 eggs, with a maxi- 
mum of 90, and a minimum of 46. These females, being reared at 
the laboratory from eggs deposited there by females of the previous 
brood, may not have been quite as vigorous as those in nature, which 
may account for the smaller number of eggs 
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SECOND GENERATION. 

Incubation period of second-brood eggs.—The length of the second- 
brood egg stage is shorter than that of the first, owing to the warmer 
weather at this time, the fertile eggs having an average incubation 
period of 4.8 days, and the parthenogenetic eggs an average period 
of 4.3 days. The records for 238 fertile eggs and 202 parthenogenetic 
eggs are given in Table IX. 

' Taste IX.—Length of the incubation period of second-brood eggs of the dock false-worm, 
Wenatchee, Wash., 1915. 

Fertile eggs. Parthenogenetic eggs. 

Date— | Date— 
Num- Incu- | Num- Tneu- 
ber of bation | ola || ber of a - | bation pote 
eggs. De- period.) ~~" =" || eggs. e- period. “ posited. Hatched. | posited. Hatched. 

17 | June 20} June 26 6 102 29 | June 20} June 25 5 145 
9)} June: 21 |---doz.-- 5 | 45 ib ebeGloee ies June 27 7 7 
1 do-:.. June 27 6 | 6 53 | June 21 | June 26 5 265 
9 | June 22 |...do....- 5 45 2 SonGobods June 27 6 12 

27 G0. 2 June 28 6 | 162 3 Goya June 28 7 21 
18 do.....| June 29 7 126 6 | June 22} June 27 5 30 
mene 23)\-s=doss =. 6 42 14 |...do.....| June 28 6 84 

14 | June 29} July 2 3 42 4| June 23 | June 29 6 24 
GN a eee | July 3 4 224 7 | June 29) July 2 3 21 
3 | June 30 |..-do-...- 3 9 64 | June 30] July 3 3 192 

34| July 3| July 7 t 136 5 ll oak y5e5 July 4 4 20 
| baa Ce aan July 8) 5 170 || ) | dnl Wass eoko ess 3 27 
ee done S. July 9 6 6. 3 lest 5 ai) dibibys 4 12 
hy 4 5 d0:---- 5 25 | I pee@os seo) Uiulbys © 5 5 
leds lIuby. 10 6 6 |) iL | amb) Billa sel@ 4 4 
Patna rar | July 11 7 14 |} 

238 | 1,160 | 202 869 

Average incubation period...... Be oe 4.8 } Average incubation period ........-.-- 4.3 
MURRAINOM 42. 3222 SSS S. ALL. ae Bee 7 IMarminmimene ss ceee ee cee se cba see 7 
WERE LITE sae. Setoe emote as ccacs 3 | Manion eae eee oars pes ele We asec 3 

Length of life of second-brood larve by instars —Of 43 larve 
which were reared from fertile eggs only 17 reached the pupal 
stage. The greatest mortality, due to lack of moisture, occurred 
after the mature larve had formed their pupal cells. Forty-seven 
parthenogenetic larvee were reared, 6 of them pupating. Table X 
gives a Summary of the length of larval life of all larve reared. 
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TaBLE X.—Summary of larval life of second generation of the dock false-worm, by instars, 
Wenatchee, Wash., 1915. 

Normal larve. 

First instar. Second instar. | Third instar. | Fourth instar. Fifth instar. Sixth instar. 

Oe ital | ee oe | ia oa ola eal o Bia | caller é |) 3 
3 iS a ca nl S| oS Se ty ea 5 a es a 

ge \e2| @ |BE/ES] & /SE/88| BS S288) S | ee Bel S | ee Sel Ss 
SO /S58] 6 |SUl\/Sq| 6 | Ssciss| 6 |SUISS| FS | SUIS S| 6 |] SUIS] 6 
Ze eS A Sen ete | eee et Net he 

———————| ——| ——_ 

1 1 1} 24 1 24 13 The 1183 3 1 3 10 3 30 1 ta) j\ 215) 
5 2 10 14 2| 28) 25 2 50} 22 2 44 14 4 56 4 6 | 24 

16 3 48 4 3 12 3 3 9 12 3 | 36 8 5| 40 6 7 | 42 
18 4 72 1 co | 1 4 4 4 4 16 6 6 36 4 9 | 36 
3 5 15 | 1 6 6 1 5 5 3 A= Pal 2 10 | 20 

| | | yo Sy 8 

43 | | 146| 43 | 68| 43 | | 82| 42 104} 42 | 191 | 17 127 

TNR Aaa eA Anya eens TOs ARE sees IO UWAGVs n Obi ASVAeS ta 2 4.75) || SAVER Seeee 7.4 
Miaxees tas Wak 5 Max se 4 Viasxe Sere MIG e 5 Max 258 Wiehceses . if) 
Witney es 1 Vici eee 1 hale eer 1 Marie 1 IMDbO Sees 3 Minieeeee 5 

Parthenogenetic larve. 

17 | 3 51 16 i 16 i 1 1/ 4 eye) 1 2 2) 4 7 | 28 
22 | 4 88 | 27 Dl 4 34 2 68 | 21 2| 42 9 3 27 1 8 8 
8 | 5 40 4 Balb IPA wea @ale as 18 18 3 | 54] 20 4 80 1 1334) 183 

| Bio 2h Ty 1B Ih Bio 
| | a 6 42 

| | | bee es eg ye! 
47 | 179 | 47 | | 82] 47 | 93| 46 | | 112] 46 202 6 49 

UAsy;2 Res hale Sd Bs Su eA eee eee gD 7 ieee Bees 2 ASV see Spo 4) PASE aa ALAM VAN EEE EE Ee 8.1 
Miasxcte ays 5 Maxaman Whit ceSoese 3 | Max aA! Max.... 7 Maxe. 2325 13 
Minin 3 Mints 1 Mine pees 1 dae ee 1 Mine 2 Manes 7 

Length of life of second-brood pupxe.—Pupal records were obtained 
from 12 normal pupe, all males, with one exception, and from 3 
parthenogenetic pupe, and a summary of these records is given in 
Table XI. 

TaBLe XI.—Summary of pupal stage of second generation of the dock false-worm, 
Wenatchee, Wash., 1915. 

Normal individuals. 

Days— 

Each. Total. 

COS Ory 

Parthenogenetic males. 

Number 
of indi- 
viduals. 

3 

Average... 

Days— 

Each. Total. 

“1 Or 
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Life cycle and emergence of adults of second generation.—Table XII 
gives the complete life cycle, from egg deposition to emergence of 
adult, of 4 parthenogenetic males and 10 normal males of the second 

generation. The only female of this generation reared to maturity 
had an abnormal number of molts, and is included elsewhere in 

this paper. 

TasLe XII.—Length of life cycle of the second generation of the dock false-worm, Wenatchee, 
Wash., 1915. 

Pathenogenetic males. 

Date of— Days in— Total 

Indi- life 
vidual cycle 
No. Egg de- | Hatch- | Pupa- Emer- Egg | Larval| Pupal in 

position. ing. tion. gence. | stage. | stage. | stage. | days. 

1| June 21] June 26 | July 15 | July 22 5 19 Teleekel 
Deedee |seedo 222 -|| duly, 16) || iulya23 5 20 7 32 
3, || disie) S10) (gist 8 es seem Aug. 1 Shula Sepee e  O e 32 
A \e2-d0.--2- July 4) July 27 |...do----- 4 23 5 32 

Mptale 94 ates Rice 282 re 17 62 TON to 
Average number of days). <22222--se-s-e0e" 4,2 20. 6 Qi |] Silo 7 

Maximum life cycle, 32 days; minimum, 31 days. 

Normal males. 

1| June 20 | June 26 | July 16 | July 22 6 20 Gill 22 
27a) Ce 6s Se hes GOs22-- July 18 | July 23 6 22 5 33 

| BS fes2d0-= doses. July; 19) |beedorseee 6 23 4 33 
4| June 22 | June 28 | July 14 | July 20 6 16 6 28 
5 |.--do--. doz=-: dol=-e- July 22 6 16 8 30 
Gil doe: June 29 | July 16 Gorse: 7 17 6 30 
ileal O nae dows: July 17 doveees 7 18 5 30 
Bale --do2.-.= June 28 | July 19 | July 23 6 21 4 31 
9 |...do....} June 29 | July 26 | July 31 7 27 5 39 

10 | June 30! July 3] Aug. 1)| Aug. 6 3 29 5 37 

FRAGA ret SBE cos ys ate 60 | 209 54| 323 
Average number of days..-....------------- | 6 20.9 EY BPR} 

Maximum life cycle, 39 days; minimum, 28 days: 

Since the complete rearings of this generation were few in number, 
the average life cycle of normal individuals has been compiled from 
the figures in Tables TIX, X, and XI, and is given in Table XIII. 

Tasie XIIL.—Average life cycle of normal individuals of the second generation of the dock 
false-worm, Wenatchee, Wash., 1915. 

Number of days in— 
Total life 
eycle in 

Egg Larval Pupal days. 
stage. stage. stage. 

4.8 21.3 5.3 31.4 

Length of life of second-brood adults. —No records were made of the 
length of life of second-brood adults, 
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Oviposition of second-brood adults.—Observations were made on a 
single pair of second-brood adults. The female deposited 34 eggs 
the first day after she emerged and 40 eggs the second day, making 
74 eggs im all. : 

THIRD GENERATION. 

Incubation period of third-brood eggs.—Seventy-four fertile eggs 
of this brood hatched in 4 to 6 days after being deposited, with an 
average incubation period of 4.7 days. No parthenogenetic eggs 
were secured. — 

Length of life of third-brood larve by instars ——Twenty-nine larve 
were reared from fertile eggs, 9 of them pupating, the remainder 
either dying or burrowing into the earth at maturity and beimg lost. 
No parthenogenetic larvee were reared. Table XIV gives a summary 
of the length of larval life by instars of all larve reared. 

Taste XIV.—Summary of larval life of third generation of the dock false-worm, by instars, 
Wenatchee, Wash., 1915. 

Normal larve. 

First instar. Second instar. | Third instar. | Fourth instar. Fifth instar. Sixth instar. 

64/3 - |oule - |\Salsd - |Sals - | Salo ; | oulo p af a a of ‘ a) “& "i na = i na & 4 “a ma a a a 5 a| S| & a] S|] & Gt |) teh | es @ | esi = ss iS 
So | 88] S |85g/88/ 3 | 85/83) S |S5/88] 5 | 85/88] 5 | Sa /88| 3 on | O° = |f@e/2F)] 5 Se ieF) Sa tealegl = les less | ss loos 
Se ee) @ SZ I85) S ISZISE] @ SSIES) S | SEES! & 1 ge Sse 
Sd |/sea| 6 |Ssdisa| 5s |sdiseal|s |sclse] 6 | sdi/saj 6 | sd isa! 5 
Za)45)\ a8 |448145)\ 8 48\|2e\e |248\|45\e8 |48125| 8 |48 iar) a2 

1 3 3 1 3 2 2 4 7 4 | 28 
2 34 16 2 32 3 3 9 2 5 | 10 
3 5 3 15 7 4 28 |————_|——_|_—__ 

| —-— 3 5 15 Oe esc 38 
es 52 PHN cal) AX0) ——|——___| Av.....-. 4.2 

en rae ae 2.1 | Av....... 2.1: |-———|——— WA easece BO Witeyc- 5 
2S axeeeeee 3 | Max. 3 tAsve: Sane Oo) Manes eee 4 

ines saa" 1) Maine Sees 1 Max. =o AHO 
Mins2s 2 

Length of life of third-brood pupx.—Pupal records were obtained 
from 9 pup of fertile eggs, 4 males and 5 females, and these are 
given in Table XV. 

TABLE X V.—Summary of pupal stage of third generation of the dock false-worm, Wenatchee, 
Wash., 1915. 

Days. 
Number ve 
of indi- 

viduals. | Fach. | Total 

4 4 16 
4 5 20 
Ht 6 6 

irs Masons] oS 42 
Average number of 

BY Se ce ceneeseeeees 4.7 
Maxdmlmess="ss-eeeee 6 
Main re eee 4 
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Lafe cycle and emergence of adults of third generatior:—Since all but 
one of the third-brood larve reared to the adult stage came from eggs 
collected in the field, it is not possible to give a complete life cycle of 
this generation. Table XVI gives a partial life cycle (omitting the 
egg stage) of 5 males and 5 females. 

TasBLe XVI.—Length of partial life cycle of the third generation of the dock false-worm, 
Wenatchee, Wash., 1915. 

| Males. 

Date of— Days in— Total 

Indi- life 
vidual ; cycle 
No. Hatch- | Pupa- Emer- | Larval} Pupal in 

ing. tion. gence. | stage. | stage. | days. 

1] July 25 | Aug. 12] Aug. 17] 18 5 23 
2| July 28} Aug. 13 | Aug. 18 16 5 21 
ay | PUA lel ee See PNG. OP lee ceen sal eeoaecon 21 
4} Aug. 17 | Sept. 3 | Sept. 8 17 5 22 
5, [2-00s2- set - doze =. Sept. 9 17 6 23 

otal oss 48s) bos 2 so eee 68 21 110 
Average number of days. -...----- 17 552 22 

Maximum life cycle, 23 days; minimum, 21 days. 

Females. 

1| July 25 | Aug. 12 | Aug. 17 18 5 23 
2 do Atig. 13-|-2-douse. 19 4 23 
3 | July 28 | Aug. 14 | Aug. 18 17 4 21 
4} te) Aug. 15 | Aug. 19 18 4 22 
5 | Aug. 11 | Aug. 26 | Aug. 30] 15 4 19 

Motalesn os eee ae Saree 87 21 108 
Average number of-days..--.----- 17.4 4.2 | 21.6 

Maximum life cycle, 23 days; minimum, 19 days. 

As Table XVI is very incomplete, the length of the complete aver- 
age life cycle has been compiled from separate results obtained for 
the various stages and is given in Table XVII. 

Taste XVII.—Average length of complete life cycle of the third generation of the dock 
Jalse-worm, as compiled from the various stages, Wenatchee, Wash., 1915. 

Number of days in— 1 yer of day Total 

SS ae 

Egg. |} Larval Pupal ore 
stage. stage. stage. in days 

— — 

| 4.7 17.6 4.7 27.0 

Length of life of third-brood adults.—One male kept with the larval 
food plant lived 7 days, and two females each lived 5 days. 

Oviposition of third-brood adults.—Third-brood females deposited 
eggs up to 4 days after emerging, the average being 1.9 days, 
figuring from date of emergence to date of deposition of each egg. 
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One mated female deposited a total of 133 eggs, and another escaped 
after depositing 95 eggs. Two single females were observed one 
of which deposited 83 eggs and the other 104. 

FOURTH GENERATION. 

Incubation period of fourth-brood eggs—The length of the fourth- 
brood egg stage averages a little shorter than that of the second 
brood, the weather in August being warmer than in June. Records 
of 174 fertile eggs showed an average incubation period of 3.8 days, 
and records of 62 parthenogenetic eggs deposited during the same 
period showed an average of 4.4 days. Table XVIII gives the 
records for the 174 fertile eggs, and for 157 parthenogenetic eggs, 
95 of them being deposited from August 31 to September 4, when the 
weather was cooler. _ This makes the total average higher than that 
of the fertile eggs, as no records of these were secured during this 
cooler period. 

Taste X VIII.—Length of the incubation period of fourth-brood eggs of the dock false- 
worm, Wenatchee, Wash., 1915. 

Fertile eggs. ; Parthenogenetic eggs. 

ise | Date— | Date— 

NGI Eo | — eae Total | Number par. Total 
of eggs. D iod days. || of eggs. D | ion days 

| Wales ialTatcheds | ecore | 20-4 Hatehed: | PQaoe: 
posited. | posited. | 

| | 
1 | Aug. 18 | Aug. 21 3 | 14 | Aug. 20 | Aug. 24 4 56 

26 O28 | Aug. 22 4 104 || 12) eed Ob ee= ; Aug. 25 5 60 
19 OM PAI 23 5 95 || 10 | Aug. 21 dower 4 40 
41 | Aug. 19 | Aug. 22 3 123 || iil LG =< || Aug. 26 5 55 
28 Obes Aug. 23 4 112 || 8] Aug. 22) 22 =dos-e 4 32 
6 doe | Aug. 24 5 30 |] 6 does Aug. 27 5 30 
1 Ona Aug. 25 6 6 || OS eA 23 ed Osaene 4 4 

25 | Aug. 20 | Aug. 24 4 100 || 1} Aug. 31 | Sept. 6 6 6 
1 rdonee Aug. 25 5 | 183 | Ee doneee | Sept. 7 7| 126 
1S | =e Ose | Aug. 26 6 6 | 2 dOm=-- Sept. 8 8 16 

11 | Aug. 21 | Aug: 24 3 33 - 2 C5256 Sept. 9 9 18 
il douse | Aug. 25 4 44 10 | Sept. 1 Sept. 7 6 60 
3 dome: | Aug. 26 5 15 19 |...do....| Sept. 8 7 2133 

1 doe Sept. 9 8 8 
14 | Sept. 2| Sept. 8 6 84 

Soptarst |aedosane 5 5 
20 Ona Sept. 9 6 | - 120 
3 doeee Sept. 10 7 21 

| 4) Sept. 4 | Sept. 11 7 28 

174 | 676 || 157 902 

Average incubation period .....-...--.- 3.8 | Average incubation period....-.-----.-- 5.7 
ibs china eco soooGosoSononesostaaosc= Go| |p Maxstor ya ae ee 9 
MiNIMUIN <2 chee eee eee eee 32 || eMumiam wIm eee ae eee eee eee fies Sse ae 4 

| 

Length of life of fourth-brood larve by instars.—As the fourth-brood 
larve do not pupate the same season, but pass the winter in the 
larval stage, only the period from hatching to the forming of the pupal 
or hibernating cell by these larve is given in the summary in 
Table XIX. 
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TasLe XIX.—Summary of larval life of fourth generation of the dock false-worm, from 

hatching to forming of pupal cell, Wenatchee, Wash., 1915. 

First instar. Second instar. Third instar. Fourth instar. Fifth instar. Sixth instar. 

mal . — _ . _ _ . _ _— . _— — a — — . = 

on oa n on og n on og n on og eal on og nw o2 og n 

eles Ses lS S| & lelieesel os [esi eS. | & |pSlas Le 
Sapa Ses) oO} S| so/ so) o (so so, = jes so] S (se eo| s 
S2/88/ S |82/88/ 8S |S2/88| S |S21898) S | 82/88] S [SESS] S 

PSdOi/S3) 6 |Sd/ Se) 6 |Scoi(Sa] 5 /Ssd/ Sa] 6 IlSBsI1 Sa] 6 lsadiseal 5 
2814518 (48/4518 [48/4 P\ ae (48/45) 8 (48/4245) 8 48l4y| a 

1 if NE i 2 42 1 1 1 ay} 23 6 2!| 6 12 9 1 9 
7 2) 14 S| 3 9 9 2) 18 S| SN) 25) Bl a 14 2 2 4 

13 3} 39 24) S85) | ary 8 3 | 24 Galas 18 4/ 9 36 2 4 8 
4 4 16 4 4 16 5 4 20 4 4 16 1 | 10.5 | 10.5 |——|)———|——_ 
4 5 20 1 4.5 4.5 1 6 6 4 5 20 2) 11 22 IB leases 21 
4 6 24 1/10 10 1 7 7 1 6 6 1| 12 12 UW EREnG oe 1.6 
3 8 | 24 |— 1 8 8 als: 13 Maxson 4 

——_|——-|——__|_ 32 |...... 88.5 DEY eres 76 1] 10 10 1 | 14 14 Mine 1 
5 cin ane Tt PY aheeemnanse PAS esas I a el 1|17 17 
AV seats SS pM ame | ee. 10d) (Maxceso2: <2 yan PALS | oe ae 86. 5 |——— 
Wax: 8 > <= Sul Maass 37508 POT Gia ae oe ‘LA WRE SER 4.1 LS aE eee 150.5 

= eee Massena 220 10M AGS Re awed: 
Mineeee ac 745 ai ip. eres 17 

(Mim = ee 6 

The foregoing table includes individuals from both fertile and par- 
thenogenetic eggs, since there was but little difference between them. 

Life cycle of fourth generation.—Table XX gives a partial life cycle 
of 13 individuals of the fourth generation, including the period from 
oviposition to the forming of the pupal cell by the full-grown larve. 
This averages 32.6 days for parthenogenetic individuals and 32.7 
days for normal individuals. In order to arrive at the complete 
length of the life cycle of individuals of this generation, we must add 
to this approximately 200 days, which is the average time spent by the 
larve in the pupal cell, and also 10.5 days, which is the average 
length of the spring brood (fourth generation) pupal period as shown 
in Table II. This makes an average total of about 243 days, the com- 
plete life cycle of the fourth generation. 

Taste XX.—Length of partial life cycle of the Jourth generation of the dock false-worm, 

Wenatchee, Wash., 1915. 

Parthenogenetic individuals. 

Date of Days in— 
Aver- 

ae = Sz a oonars 
vidua x . tial life mee Forming nee ee eH ie ais poe 
No. Egg dep- Hatching.| pupal Egg | Larval] cyelein 

osition. stage. | stage. | days. 
cell. 

l Aug. 20} Aug. 24 | Sept. 15 4 22 26 
Z |...d0...-|...do-.-.|' Sept. 16 4 23 27 
3 | Sept. 1] Sept. 7| Oct. 3 i 26 42 
SP AOL Gs. G0.....2) OC 4h 6 29 35 
5 | Sept. 2] Sept. 9] Oct. 10 7 31 38 
6 | Sept. 3 | Sept. 11] Oct. 11 8 30 38 

TOTAL ics nade te ae gendee sone 35 ¢ 
Average number of days.......... 5.8 26,8 32,6 

Maximum life cycle, 38 days; minimum, 26 days. 
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TaBLE XX.—Length of partial life cycle of the fourth generation of the dock false-worm, 
Wenatchee, Wash., 1915—Continued. 

Normal individuals. 

Date of— Days in— ate o ays in: ene 

noe aoe 
vidua. . tial life Forming A 
No. Egg dep- 5 Egg | Larval |cyclein 

osition. |Hatching. pupal stage. | stage. | days. 

1 | Aug. 19 | Aug. 23 | Sept. 18 4 26 30 
2) | Aug. 20>) Aug. 24)5--do.- 22 4 25 29 
3 sd0-- do....| Sept. 19 4 26 30 
4 -do-. Aug. 26 |.--d0: = =. 6 24 30 
5 | Aug. 21 do... -.| Sept. 22 5 27 32 
6 -do-- dos 3| Oct 5 39 44 
7 -do.- Aug. 27 | Sept. 24 6 28 34 

Total’ ea ee ee 34 195 | 229 
Average number of days. ----....-- | 4.8 27.8 32.7 

Maximum life cycle, 44 days; minimum, 29 days. 

SUMMARY OF LIFE-HISTORY STUDIES. 

Table XXI gives a summary of the length of each stage of each 
generation of the dock false-worm, as worked out at Wenatchee, 
Wash., in 1915. The column marked “Total life cycle in days” 
gives the time elapsing between ege deposition and emergence of 
adult, and the last column gives the time elapsing between the egg 
deposition of one generation and that of the next. It will be seen 
that the total of this column (four generations) is 365.6 days, or 
approximately one year. 

TaBLE XXI.—Summary by stages of the length of each generation of normal individuals 
of the dock false-worm, Wenatchee, Wash., 1915. 

Average number of days— Average 
Total number of 

Generation. From | life cycle oe ae 
In egg In larval | In pupal | emergence | in days. Age oe egg 
stage. stage. stage. to Ouaree deposition. 

IDIPS ba. eGR ae 10.7 35.6 5.6 ee 1 53.6 
Second esse oo aw tease 4.8 21.3 5.3 1.5 31.4 32.9 
anh beeen re RN Se ha ee 4.7 17.6 4.7 1.9 27.0 28.9 

MOUrbn: se hoses be ese eee 3.8 233.0 10.5 2.9 247.3 250.2 

Totals. < 22455 e52 Soo cise J a ae ae cs | as oe eee eee 365.6 

The seasonal history of the dock false-worm is shown in the dia- 
gram in figure 6. In order to avoid crowding, only three poimts in 
the life history are shown for each generation, namely, the hatching 
of the eggs, pupation, and the emergence of the adults. Oviposition 
would come a day or two later than the adult emergence. 

ABNORMAL NUMBER OF LARVAL MOLTS. 

We have seen that normally the dock false-worm molts five times, 
and that consequently there are six instars in the larval stage. It 
seems certain that occasionally, however, there are seven larval 
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instars. When this was first suspected several larvee were being 
reared on a single plant, and while the molted skin was always 
removed from the leaf when the record of molting was made, there 
was some doubt as to whether any of the larve actually did pass an 
extra molt. Subsequently, however, the majority of larve were 
reared singly, that is, only one to a plant, and several apparently 

MAY SUNE SLY AU SEPT ocr 
70 oT 3O. /0 rae 3O. /0 20 3O. /0 “20 GO. /0 20 30, 40 

hs die Hatching oF feel 
third Brood£ags| ——~ 

APRIL 
10 20 30. / 

eal CCL eees [rst Brood lags 

firs aie i 
Py, es oo 
hired Brood Larvae 

=> 
Frere EO 

Tine Beood Aol 
le 

Faded ea (ie at aed es ‘we (Losers | ansene 

id of 
| Kees Brood Llggs 

LIITGOCE OF 
|| | eee le | ‘ring $4 coe | Bee] 

Fic. 6.—The dock false-worm: Diagram illustrating seasonal history. (Original.) 

‘Upation or 
Vecond Brood larvae 

definite records of an extra molt were obtained. These records, while 
not sufficiently numerous to furnish absolute proof of the occasional 
occurrence of this additional molt, are given in Table XXII. Indi- 
vidual No. 4 was from an Tees | egg; the others were from 
fertile eggs. 

Taste XXII.—Records of larvix of the dock false-worm having seven instars, Wenatchee, 
Wash., 1915. 

g 5 Date of 

7 G 

ee 2 | Hatch- First Second Third Fourth Fifth Sixth Pupa- Emer- |,; 
& | 2 ing. molt. molt. molt. molt. molt. molt. tion. gence 2 

1 | 1st.| June 20| July 1]| July 8| July 11) July 15) July 19| July 26} Aug. 1/].......... 
2\1st.) July 3) July 5 SO semal te On ne sis July 14 |...do.....) July 22) July 29} Aug. 3/9 
3 | 1st.|...do..... STG s Sat ae oe. oe 10.5.0 UpeabaG ET AD Ae See ef ot hae bal ae eo ae eee 
4\i1st.|) July 4 |...do.....|...do.....|...do.....| July 14 |...do.-... TOV LO. ate eemet elec cea s 
5 | 3d.| July 28 | July 31} Aug. 2} Aug. 4/ Aug. 10} Aug. 12} Aug. 17|..........|..----.--- 
6|3d.| Aug. 4] Aug. 7] Aug. 10] Aug. 11 | Aug. 15} Aug. 19 | Aug. 23 |..........|...-..-.-.|-- 
Maes Dien oul ys -A0spe ns |soe00rees» Ang:, 13'\_..G0svames|pcuasscs ATI S OUP |teatas Gnis(aie||(e > > icvers srers Ihre 
8 | 4th Aug. 2 Aug. 27} Aug. 29 | Sept. 1 | Sept. 4] Sept. 9 | Sept. 21 |.....-....|...-.---.- ers 

9 | 4th |...do..... Aug. 30 | Sept. 9 | Sept. 16 | Sept. 19 | Sept. 21 | Oct. 3 )..........|...-.--- 
10 | 4th Aug. 27 | Aug. 29} Aug. 31 | Sept. 4 | Sept. 10 | Sept. 16 | Sept. 22 |..........|.---.---. 
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RELATION OF TEMPERATURE TO DEVELOPMENT. 

Temperature has a very decided influence on the development of 
insects. Within certain limits increased temperature will hasten 
development, other factors being equal. The dock false-worm 
seemed peculiarly susceptible to changes in temperature, and it has 
already been noted that all stages of its development were shorter 
in the summer than in the spring. For example, the mcubation 
period of the first-brood eggs (April-May) averaged 10.7 days, while 
that of the second-brood eggs (June—July) averaged only 4.8 days. 
Some observations were made on the length of the pupal stage, 
which, while not taking into consideration the possible effect of differ- 
ences in humidity and other factors, show very definitely the effect 
of changes in temperature. The temperature records were obtained 
from a Richard thermograph placed in the rearing shelter. Asudden 
rise or fall of temperature hastened or retarded adult emergence. 
Before April 16 the temperature had only occasionally got above 70° 
F. From April 16 to 19, inclusive, the daily maximum was above 80° 
F., and the daily minimum about 50°, whereas it had been about 40° | 
previously. The sawfly pupz responded to this rise in temperature, 
and on two days, April 18 and 19, 20 adults emerged from pupx 
that had pupated during a period of eight days, or from April 5 to 
12, inclusive. 

Table XXIII compares the length of the pupal period with the 
average temperature. This temperature was obtained as follows: The 
average daily temperature was computed by the sufficiently accurate 

- method of averaging the daily maximum and minimum. Then the 
average temperature for each individual was obtained by adding 
the daily averages for the pupal period (including the day of pupation 
and the day of emergence) of that individual, and dividing by the 
number of days. The average temperature for a pupal period of any 
given number of days was then obtaied by simply adding the 
average temperatures of all individuals having a pupal period of 
that number of days and dividing by the number of individuals. In 
all, the average temperatures for 137 pupz of the spring brood and 
first brood were computed, pupx from unfertilized eggs not being 
considered. 

TaBLe X XIII.—Lengti of pupal period of the dock false-worm compared with the average 
temperature, Wenatchee, Wash., 1915. 

{ 

Pupal period indays..| 14 | 13 12 11 10 9 8 7 6 5 4 

Average temperature 
TIN es ohces i ee D 55. 31 55. 88 | 57.65 | 58.12 | 58.29 | 58.62 | 59.66 | 61.65 | 66.60 | 67.94 ; 70.60 

THREAD oso cecaseecos—bascocell OLEY 
| 
1 

1.77 | 0.47} 0.17] 0.33) 1.04] 1.99] 4.95] 1.34 2. 66 
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While no rule can be formulated from the foregoing table, it will be 
noted that the amount of increase in temperature required to reduce 
the pupal period one day was greater as the pupal period grew shorter. 
It required an increase of 3.31° to reduce the pupal period from 14 
days to nine days, a reduction of five days, while in order to reduce 
it from nine days to four days, a further reduction of five days, an 
increase in temperature of 11.98° was necessary, or over three times 
as much. The reason for this is evident. It must be remembered 
that during the pupal stage important changes are taking place. 
The relatively simple larva is being transformed into the highly com- 
plex adult insect. These changes require a certain minimum amount 
of time, in this case apparently three or four days. On the other 
hand, there is, at least theoretically, no limit to the maximum amount 
of time during which the insect may remain in the pupal condition. 
‘Hence, as we approach the minimum a greater increase in tempera- 
ture is necessary in order to produce a given reduction in the length 
of the pupal period. 

NATURAL ENEMIES. 

HYMENOPTEROUS PARASITES. 

ICHNEUMONIDS. 

The overwintering material of the dock false-worm, collected in 
March, 1915, proved to be rather heavily parasitized. Accordingly 
a careful record was kept of the parasites, and some knowledge of 
their life histories was obtained. The parasites emerging were all 
ichneumonids, and belong to seven distinct species. Mr. R. A. 
Cushman has examined these and finds them to be Epiurus ptero- 
phorae Ashm., Spilocryptus sp., Aenoplex sp., Bathymetis sp., Bathy- 
thriz sp., and two species of Cratocryptus. As only three species were 
recognized at the time of rearing, and the data obtained were rather 
meager, they are not presented here. It is certain, moreover, that 
some of these species are secondary parasites. It is hoped that the 
opportunity will be presented for further investigations in order to 
work out this problem. 

The adults of all these ichneumonid parasites emerge through a 
hole bored opposite the pupal cell and not through the entrance hole 
of the false-worm. They are all more active than the adult sawfly. 
They are all similar in appearance, and not unlike the adult sawflies, 
being slender and black, with reddish legs. The antenne are longer, 
however, the abdomen more slender, and the ovipositor of the female 
is conspicuous. The adults of Spilocryptus are further distingushed 
by a reddish band across the anterior half or two-thirds of the abdo- 
men. 
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None of these parasites was reared from false-worms that had 
bored into apples, which indicates that the parasites oviposit in the — 
worms, by means of their stout ovipositors, after the worms have 
bored into the stems and formed their pupal cells. The parasites 
would have little opportunity of ovipositing in worms in the apples, 
even if they could reach them, since the apples are usually picked 
and hauled away not long after they become infested. 
From the infested stems collected in 1915, a total of 261 insects was 

reared, comprising 92 ichneumonid parasites and 169 sawflies. Thus 
there was a parasitism of 35.2 per cent. 

CHALCIDIDS. 

In July and August, 1915, parasitized eggs of the dock false-worm 
were taken near Wenatchee, Wash. These were black in contrast to 
the light color of normal eggs. In due time a single small chalcidid 
emerged from each through a small hole near one end. Specimens 
submitted to Mr. J. C. Crawford were determined by him to be 
Trichogramma minutum Riley, a minute chalcidid which parasitizes 
egos of various Lepidoptera and Hymenoptera, and often practically 
annihilates its host, at least temporarily. Eggs of the sawfly were 
collected at intervals from July 26 until September 8, and the amount 
of parasitism determined. Eggs had been collected several times 
previous to July 26, but none had been observed to be parasitized. 
Table XXIV shows the percentage of parasitism. 

TaBLe XXIV.—Percentage of parasitism of the eggs of the dock false-worm by Tricho- 
gramma minutum, Wenatchee, Wash., 1915. 

Total | Number } Percent- 
Date of observation. number | parasit- | age para- 

of eggs. ized. sitized. 

JUL 126 a Ses ate SS rae re cre om rer ees 33 13 39.3 
AUISS OL ERR SES TEP SIP ENE SEE BON EAN > RIE oe anEE PE ie ye SEES 15 3 20.0 
ATO VG soo re csi eo Ny yah a Ne ee Ae ee ey Hae cy 11 0 0.0 
AMIS E23. Noo e SSCS N ae pe a MO ee SRA t i te nea OEE eee eee 28 2 7.1 
aN Feta Ng ee CMI SRNR tere SN ee NE a ae Oe a 158 13 8.2 
ISI] Dita iyi hi Pas I i SO ie ae we a eed 23 1 4.3 

fl be yr} pees Sahil ia ie Se os ERS esha sa. Nate Ree ea ae eae 268 32 11.9 

BRACONIDS. 

Kleine (1908) mentions a parasite of the dock false-worm in Ger- 
many, which proved to be Rhysipolis sp., a braconid. 

PREDACIOUS ENEMIES. 

Since the dock false-worm is a soft-bodied larva, living unpro- 
tected on the leaves of its food plants, it would be reasonable to sup- 
pose that predacious enemies in the form of other insects or birds 
would prey upon it. Only one such case has been noted, however. 
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On August 12 a chrysopid (lacewing) larva was discovered in the 
act of devouring one of the false-worms on a plant at the laboratory. 
The worm was small, having passed its first molt the day before. 
On August 26 another chrysopid larva was found eating a worm 
that had hatched August 24. It is probable that ladybird larve 
sometimes also feed upon immature false-worms. 

REMEDIAL MEASURES. 

Remedial measures may become necessary for the control of the 
dock false-worm where its food plants are abundant. Thorough 
and frequent cultivation will keep the plants from growing in orchards 
where clean cuitivation is practiced. The bindweed (Polygonum 
convolvulus), sometimes called black bindweed, is ordinarily classed 
as a noxious weed, and the other plants are often troublesome 
and should be kept out of an orchard, even when the false-worm is 
not present. However, this is not always possible in orchards kept 
in sod, or where a perennial cover crop, such as alfalfa, is grown. 
With this in mind, in the fall of 1915 the writer performed a number 
of experiments in banding trees and in cleaning out the growth of 
weeds about them, to determine the best method of preventing the 
full-grown worms from climbing up and getting at the fruit. This 
work was done in the orchard from which the overwintering larve 
were collected in the spring. It is situated in the Entiat Valley, 20 
miles north of Wenatchee, Wash. A portion of the orchard was 
selected where there was an average infestation of worms on the 
bindweed. The latter was growing up into the trees in many places, 
clinging to the trunks and lower limbs. The orchard consisted of 
Esopus (Spitzenburg) trees, alternating with Jonathans. Only the 
latter were used, since the year before it was noted that the Jona- 
thans were injured more than the others. Sixteen trees were used, 
divided into four plats of four trees each. In Plats A, B, and 
}, the bindweed and alfalfa were cut off near the ground under the 
trees, and some of the lowest branches were clipped off, leaving no 
way for the larva to get into the tree except by way of the trunk. 
A band of a commercial sticky substance, one-eighth inch thick 
and 3 inches wide, was then applied to the trunks of the trees in 
Plat A, just below the point where the main limbs branched out. In 
PjJat B, an 8-inch strip of cotton batting was placed about the trunk 
of each tree and tied on with cord about the middle. The upper half 
of the cotton band was then rolled down over the cord. Plat C re- 
ceived no treatment aside from clearing out the weeds and clipping 
afew branches. Plat D was used as a check and was left untouched. 
This work was done on August 26, as many of the larvee were found 
to be approaching maturity. The fruit was picked October 5, and 
during the interval other work prevented the writer from visiting 
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this orchard. The owner found it necessary to prop some of the 
more heavily loaded limbs, and these props were not banded. Some 
of the lower limbs, too, became so heavy that they were practically 
lying on the ground. This prevented the bands from forming an 
absolute protection against the worms, but there was sufficient pro- 
tection to make a decided difference. The results of the apple 
counts made on October 5 are given in Table XXV. 

Taste XXV.—Number and percentage of apples injured by the dock false-worm in the 
experimental plats, Entiat, Wash., 1915. 

Plat A (commercial sticky substance). Plat B (cotton). 

Condition of 
fruit. 

Tree 1. | Tree 2. | Tree 3. | Tree 4. Plat. Tree 1. | Tree 2. | Tree 3. | Tree 4.| Plat. 

injured ae 7 19 i 4 37 ON ean? 1 4 17 
Sound.....-..-.. 298| 510]/ 628] 700] 2,136] 170] 332] 466| 620] 1,598 

Total...... 305| 529] 635| 704} 2,178 | 170] 384] 477 | 624) 1605 

Percent injured..| 2.30| 3.59| 1.10) 0.57 1.70 | 0.00 | 0. 60 . 2.30 | 0.64 | 1.06 

Plat € (weeds cleared). Plat D (check). 

Condition of 
fruit. 

Tree 1. | Tree 2.| Tree3.| Tree 4.; Plat. |Treel.| Tree 2.}| Tree 3.}Tree4.| Plat. 

Injuredeeaae= snes 5 23 14 4 46 25 22 38 22 107 
2) Sound =e seresceee 185 | 535 272 133 1,125 30L 531 556 483 1,921 

ovale 190 | 558 286 137 1,171 376 553 594 505 2,028 

Percentinjured..| 2.63 4.12 4.90 2.92 3. 93 6. 65 3. 98 6. 40. 4.36 5. 27 

This period was almost rainless, and the bands of cotton and com- 
mercial sticky substance were in perfect condition on October 5. No 
difference in effectiveness can be ascribed to the two materials used 
for bands, the average infestation for the two plats being 1.43 per 
cent. This is an infestation of only a little over one-fourth that of 
the check plat. The slightly greater infestation in Plat A (1.70 per 
cent, as against 1.06 per cent in Plat B) was due to the fact that five 
props were used in this plat, while only one was used in Plat B, 
giving the worms more opportunity of reaching the fruit in the former. 
It was noticed in picking the fruit in these plats that most of the 
injured apples were on the lower limbs and the limbs that were 
propped. Practically none were found im the tops of the trees. 

The results in Plat C show that merely clearing away the weeds 
and clipping off the lower branches is of some value, the infestation 
being about three-fourths that of the check plat. This method may 
be recommended where banding materials are not at hand. 

In general, it may be stated that efficient protection will be secured 
from the dock false-worm by banding the trees with cotton batting 
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_or other repellent materials safe to the trees, provided the lower 
limbs are kept well up from the ground and any props used are also 
banded. The bands should be appled about August 15, and not 
later than September 1, and under ordinary conditions will remain 
effective until the fruit is picked. A satisfactory sticky substance 
may be made by heating 5 pounds of resin until it is melted and then 
adding 3 pints of castor oil, stirring thoroughly. In using any sticky 
substance it may be applied directly to the trunks of the larger trees, 
but if there should be any occasion to use it on trees not more than 
three or four years old (trees of this age sometimes bear a few apples), 
a band of paper should first be tightly wrapped about the trunk and 
the material applied to this, otherwise it may roughen the bark of the 
tree. Needless to say, this paper band should be removed after the 
fruit is picked. A band of this substance one-sixteenth inch thick 
and 3 inches wide is sufficient and will cost about 3 cents a linear 

foot. The cotton bands are cheaper, costing from 1 to 2 cents a 
linear foot for bands 6 or 8 inches wide. It takes only a few minutes 
to apply either material to a tree. 

SUMMARY. 

The dock false-worm is the larva of a sawfly (Ametastegia glabrata 
Fallén) found all over Europe and in Canada and the northern part 
of the United States, from the Atlantic to the Pacific. 

The larva is a green, wormlike creature, which feeds on dock and 
related plants; frequently, however, where conditions are favorable, 
it finds its way at maturity into apple trees, where it bores into the 
apples to hibernate, making them unsalable. 

The dock false-worm has four generations annually, each generation 
occupying roughly a month, except the fourth, the larve of which 
hibernate and complete their development the following spring. 
Only the larve of this last generation are known to bore into apples. 

A number of parasites have been reared, both from the egg and 
from the full-grown larva, and while these are valuable in partially 
controlling the false-worm, probably they will never control it 
absolutely. 

Apples may be protected from this insect by keeping the orchard 
free of dock and other food plants, or, where this is not possible, 
by banding the trees with cotton or some sticky substance safe to the 
trees in the latter part of August and leaving the bands on until after 
the fruit is harvested. 
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INTRODUCTION. 

Numerous publications have been issued dealing with the prepara- 
tion of goods for market, but little definite information has been 
compiled as to how the commodities are marketed, where to find a 
market, how to ship, how the grower can protect himself in business 
dealings, and other questions of vital importance. Farmers are 
inclined to suspect almost all middlemen of sharp practice, and are 
especially prone to believe that commission men misrepresent the 
condition of goods on arrival and render short returns. 

Producers are often accused of deliberate dishonesty in their 
business relations with middlemen because of their failure to live 
up to agreements in the manner dictated by commercial practice. 
Yet, in a great majority of cases, the trouble is not caused by inten- 
tional dishonesty but rather arises through ignorance of trade condi- 

! For ex position of distribution methods and charges in the city see Collins, J. H.; Fisher, J. W., jr., 

and Sherman, Wells A. Methods of Wholesale Distribution of Fruits and Vegetables on Large Markets 

Bul, 267, U. 8. Dept. of Agriculture, 1915. 

Note.—This bulletin should be of interest to shippers, dealers, and consumers of fruits and vegetables 

throughout the United States. 
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tions and practices, or simply through a jack of the proper commer- 
cial perspective. If the grower is to market his products successfully, 
he must realize the necessity of livmg up to an agreement and doing 
business on a businesslike basis. He must learn to ship what he 
offers, to ship when he promises, and to carry out his part of the 
agreement even though it means loss. 

In a community having the advantages of a cooperative associa- 
tion the burdens and details of marketing are lifted from the pro- 
ducers’ shoulders and attended to by experienced sales managers 
and representatives. In many districts where general farming pre- 
vails the formation of cooperative associations may be delayed by 
the lack of sufficient quantities of any one product. Again there are 
many sections producing specialized crops where the growers have 
not taken advantage of their opportunities to cooperate. The infor- 
mation in this bulletin is intended primarily for the independent 
producer who can not shift the burden of his marketing troubles to 
a cooperative association. 

Cooperation is desirable between grower and grower, and grower 
and consumer, but it is needed especially between the producer and 
the distributor. Both must come to understand their interdepend- 
ence and that best results will be accomplished by working together. 

This bulletin attempts to show the available outlets for the indi- 
vidual producer m marketing his fruits and vegetables and how he 
can get in touch with these outlets. Certain business methods are 
common in the marketing of all fruit and vegetable crops and an 
effort has been made here to explain these common points. A 
glossary of the trade terms used will be found on pages 26 to 28, and 
as these terms are not used in exactly the same sense m all parts of 
the country, the glossary should be consulted freely. 

FINDING A MARKET. 

The necessity for keeping in constant touch with the various 
markets within his reach is not fully appreciated by the average 
producer. He realizes the importance of obtaming information con- 
cerning production estimates, but does not realize that this is but 
half the problem. Farm papers are paying more and more attention 
to.market news, and if the readers insist upon more comprehensive 
service in this respect, the farm journals will emphasize this feature. 
It may pay im many instances for growers to subscribe for trade 
papers as well as agricultural journals, for in this way they will learn 
market conditions from the distributor’s viewpoint and the outlook 
for future market developments. Incidentally they will understand 
prevailing prices and the opinion of the trade as to the causes of price 
fluctuations. 
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If a grower is contemplating a shipment of produce and knows 
of any other growers in his community who specialize in a large way 
in this commodity, he usually will find that these men are apt to be 
well posted as to the markets for this product in the different cities 
and may be able to give him valuable information. One of the best 
methods will be to get into personal touch with a reliable representa- 
tive on the market, for these distributors are willing to give reliable 
information. 

While these remarks apply to both the individual producer and 
the cooperator, the necessity for information of this nature is not 
felt so keenly by the latter, inasmuch as the finding of a suitable 
market is one of the primary functions of a cooperative association. 

The constant fluctuations in market prices make it absolutely neces- 
sary for the shipper to keep in constant touch with the markets by 
correspondence or otherwise if he expects to receive full value for his 
goods. Prices vary widely from day to day, or even in the same 
day, so that a quotation received from a market representative one 
day may not hold good for the ensuing day, still less for the ensuing 
week. 
When a grower has his shipments rolling to be sold in transit, the 

telephone or telegraph must be used if shipments are to be diverted 
from the point to which they are billed in time to take advantage of 
a rising market elsewhere. 

Before the introduction of day and night letters by the telegraph 
companies various commercial codes were employed commonly by 
large distributors. The efficiency of these codes has always been 
lessened by the lability to error and by the restrictions placed upon 
their use by the telegraph companies. The inauguration of the day 
and night letter service by these companies has made the use of 
commercial codes, to a large extent, unnecessary. Cooperation among 
producers will do much to distribute the overhead expenses of a com- 
prehensive market news service. 

Business convention always demands that telegrams to market 
representatives be prepaid by the sender, unless the message is in reply 
to one specifically requesting an answer, or including the words ‘‘wire 
collect.” 

In general, it appears to be best to sell less-car-lot shipments locally, 
if possible, and where not possible, to ship to the nearest market on 
consignment. When shipping in car lots, however, it may pay the 
shipper to keep in touch with the market in several cities; but a live, 
progressive firm, upon which the shipper can depend, is a better judge 
of markets and their conditions than can be the average absentee 
shipper. However, it should always be borne in mind that he is 
prone to be prejudiced in favor of his own market. 
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Many shippers, when writing to distributors, fail to give sufficient 
information concerning their prospective shipments. The dealers 
therefore can not give fair quotations on the offered goods. Informa- 
tion can not be too explicit or detailed. Many shippers write that 
they have a car of apples which will be ready to ship on a certain date. 
The dealer does not know whether this shipment is in bulk or barrels, 
nor what varieties, grades, or sizes are to be included. A satisfactory 
letter to a distributing firm must mention the following pomts: The 
probable date of shipment, the commodity, number of packages, kind 
and size of package, quantity and quality of each variety, whether it 
is a freight or express shipment, and the road and route. A ear-lot 
shipment seems large to the average farmer who is in the habit of 
shipping in small quantities, and he may labor under the impression 
that the dealer will be looking for this one car only, and that, conse- 
quently, detailed information as to the time of shipment, and other 
items, is not essential. On the contrary, this car upon its arrival at 
the market is but one of many, and may receive no special attention 
if sufficient information is not given the market representative. 
Moreover, detailed information often enables the dealer to effeet a sale 
before the arrival of the car. 
When he merely writes or telegraphs for prices the shipper must 

remember not to offer the goods for sale, for, if he does offer them for 
sale, naming a price, and the dealer writes or telegraphs an acceptance, 
the contract is legally closed from the time this acceptance is mailed 
or telegraphed, and the shipper can be held liable in case he breaks the 
contract. ‘This danger may be avoided by the insertion of the phrase 
‘‘sale subject to confirmation.’ A copy of each letter or telegram 
should be retained by the sender for filing. When writing for prices, 
the shipper should let the dealers know what and when he expects to 
ship, inasmuch as they may be able to offer some valuable suggestions. 

MARKET QUOTATIONS. 

In determining the best market, it is not sufficient merely to get 
quotations from the different cities and ship to that market which 
quotes the highest prices. Freight and other charges must be sub- 
tracted from these quotations, and, all factors considered, the best 
market is the market which shows the greatest net returns. However, 
too much dependence must not be placed upon these quotations, as 
in many cases they are merely approximations or opinions as to the 
trend of the market and are not usually direct offers. In case of 
doubt the best plan is to sell in the market with which the shipper 
is most familiar, through some one familiar with the goods and ways 
of the shipper. 

In finding a market, the quotations or ‘‘price currents’ will often 
be of value in determining the general price levels. These quotations 
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appear in newspapers, trade journals, auction sheets, bulletins pub- 
lished by private commission firms, and farm papers. In the case 
of fruits and vegetables, they are prepared by newspaper reporters or 
representatives of trade journals who are supposed to cover the 
market each morning and determine the range of prices for each 
commodity, either from actual sales or from the opinions expressed 
by members of the trade. Public auction sales and transactions on 
boards of trade also indicate general market conditions and aid in 
determining prevailing prices for the day. Auction quotations have 
the advantage of representing actual, bona fide sales in the majority 
of cases and of showing actual amounts moving at different prices. 

Quotations as sometimes published are not of great value unless 
price ranges are given for the varieties of each commodity as well as 
for the commodity as a whole. Thus, Northern Spy apples may be 
selling at prices ranging from $4 to $5.50 per barrel, while Ben Davis 
apples on the same day may be sold wholesale at $3 to $4.50. If the 
published quotations give the range in prices for apples as a whole, 
entirely disregarding varieties or grades, the quotations in this case 
would appear as ‘Apples, barreled, $3 to $5.50.”’ This statement would 
be so broad as to be almost worthless and would lead to serious mis- 
interpretations. The lower figure in the range, as quoted, is sup- 
posed to represent the actual selling price for the lower grades. The 
grower having No. 2 Northern Spy apples to ship, on consulting these 
quotations might conclude that the market as quoted would be $2.50 
for his No. 2’s, whereas sales for No. 2’s of this variety actually would 
bring him $4. Thus it is evident that unless quotations are given for 
each variety appearing on the market in any considerable quantity, 
they may fall far short of giving an accurate index of the market. 
Another weakness is that while the higher figure in the range as 
quoted may be $5.50, very few barrels will be sold at this price, and 
the prevailing market price for fancy grades of Northern Spies may 
be as low as $4.50. 

Too often the importance of following the market constantly is not 
realized, and often quotations will remain unchanged for several days 
although the market has fluctuated daily. Trade quotations undoubt- 
edly are of great value in determining general price levels and market 
conditions. 

VISITING THE MARKET, 

A personal visit to the market which the shipper patronizes will 
more than repay expenses, for points which seem trivial to him are 
very important to dealers, and the producer should get the proper 
market perspective. Such a visit enables the grower to get into 
personal touch with the distributors, to select a reliable representa- 
tive, to learn the difficulties under which the car-lot receiver Jabors, 

and to appreciate the problem with which he constantly is confronted. 
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On the market he will see his shipment in competition with the 
fanciest grades from famous specialized sections. The relative quan- 
tity of his pack and grade will immediately be apparent. The sellmg 
value of well-known brands and labels will be evident. He will see 
mixed grades sold at a discount as compared with uniform grades and 
sizes, and he will note the premium paid for attractive packages and 
quality. These facts and conditions will be impressed upon him 
with a vividness which no impression conveyed by any written 
description can equal. 

Railroad officials in the city can be of great help to the producer who 
visits the market, as they can show him where and how the goods 
arrive, give him information regarding supplies from various sec- 
tions at different seasons, from other sections durmg his own ship- 
ping season, and finally put him in touch with trade connections 
and direct customers. The grower who wishes to understand the 
machinery which intervenes between himself and the consumer 
can well afford the time and expense necessary to study the following 
elements which enter into the distribution of goods im a large city: 
the railroad facilities for transporting and unloading goods; arrange- 
ments for trucking and cartage; cold storage warehouses; kitchens 
and storages of hotels, restaurants, and clubs; sales methods and 
handling facilities of auctions, public markets, brokers, car-lot 
wholesalers, commission merchants, jobbers, grocers, hucksters, 
peddlers, and fruit-stand men. If possible, it would be profitable 
to get some prominent dealer to explain in detail how he conduets 
his business and meets his problems. 

BUSINESS RESPONSIBILITY. 

When any considerable amount of produce is to be shipped, it will 
pay to look up a dealer’s commercial standing very carefully before 
shipping in his care. The commercial rating of any dealer may be 
secured through a number of sources of information. There are sey- 
eral firms which make a business of rating the financial and general 
credit standing of men in different kinds of business, and which 
publish reports regularly. These publications are of value and give 
a general idea as to a dealer’s standing, yet, as is perhaps inevitable 
in such matters, in many specific instances they have been found to 
be inaccurate. This general credit standing is of prime importance, 
as a man with a very low financial rating may be one of the very best 

_ in honest dealings. 
Firm letterheads, giving trade references, should not be accepted 

at their face value without verification, for it is understood that in 
some cases firms have made use of the names of banks and other 
credit institutions without proper authority. 
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The chambers of commerce, boards of trade, commercial clubs, 
and similar bodies are often of assistance in giving information as to 
dealers specializing in different commodities. Local bankers may 
also be of assistance in determining the responsibility of a particular 
firm. 

Once a satisfactory representative or customer is found, it should 
be the aim of the shipper to maintain his connection with this one 
firm, as by so doing mutual confidence will be fostered and better 
results secured than where the shipper jumps from one connection 
to another in quest of slightly higher prices. One of the favorite 
baits of unscrupulous produce firms has been the circulation of quo- 
tations slightly higher than the prices actually prevailing on the 
market. When consignments were made to these houses, it was 
found that inflated returns had been made for the first few ship- 
ments, and then, having established a connection with the shipper 
and secured his confidence, the price was dropped and the grower was 
exploited before he awakened to the situation The trade term for 
this practice is ‘‘overquoting.”’ 

PRIMARY OUTUETS FOR PRODUCERS. 

It is possible for growers to sell either individually as independent 
producers or collectively as members of a cooperative association. 
In either their individual or collective capacities producers may sell 
direct to the consumer or through existing marketing agencies, 
popularly termed ‘‘distributors’”’ or ‘‘middlemen.’’ 

Attention is called to the fact that the producers are the primary 
distributors and that to the extent of their intelligent, effective con- 
trol over the distribution of their products are they successful in the 
business side of agriculture. The average farmer has not been alive 
to the problems attendant upon the distribution of his products, and, 
in consequence, has left the middleman to perform a service which 
as a producer he might have performed for himself. 

COOPERATIVE ASSOCIATIONS. 

Out of real necessity farmers’ cooperative associations have been 
created, and the development of this movement is being increased 
and improved constantly to meet the growing demands for better 
service. Cooperative marketing associations are producers’ organiza- 
tions which are organized for the purpose of grading, packing, ship- 
ping, and selling products grown by members of the association. 

The association takes charge of commodities either at the packing 
shed or at the shipping station, according to the contracts with 
members or the custom in the particular community, and usually 

has full charge of the produce in all sales transactions. Many asso- 
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ciations sell subject to the confirmation of the grower, but in other 
instances the grower allows the association to take entire charge of 
the shipment. It is customary in the sale of citrus and deciduous 
fruits to pool the returns for definite periods varying from a day, 
week, or month to the whole season. Pooling means that the re- 
turns from all sales by the association within a given period are com- 
bined. The returns from each variety and grade are separated, and 
divided among the members according to the amount, variety, and 
grade shipped during this period by each grower. Where the product 
of the association is of standard pack and grade, the method is fair 
to all concerned. 
Some associations make substantial advances to growers either for 

planting expenses or as an advance on expected returns at the time 
of shipment, ranging in some cases from 50 to 75 per cent of the 
expected selling price. Most well-established associations sell direct 
to the wholesale trade or through salaried representatives or private 
brokers who are situated in the principal market centers of the 
country and who, in addition to actually selling the products of the 
association, keep the central office well informed as to market con- 
ditions and prospects. The representatives or brokers in many 
cases represent the association upon the auction, which is used some- 
times in special lines. Some shipments are consigned, although 
this practice is uncommon with associations in the West, and is 
being eliminated gradually by nearly all organizations. 

The charges for cost of sellmg range from 2 to 10 per cent of 
the selling price, the usual charge being 5 per cent. In 1913 the 
average selling cost of boxed apples by all of the associations in 
the Pacific Northwest was 7 per cent. This included an assessment 
for advertising. The usual practice is for the association to announce 
a certain tax per box or unit to cover the expected selling and other 
costs. After the sales are made this amount, together with other 
deductions, such as advances made to growers, is subtracted from 
the gross proceeds and the balance returned to the growers. 

Cooperative organization is more highly developed in the West 
than elsewhere in the United States. More than 50 per cent of the 
apples and other deciduous fruits of the Northwest and Middle 
Rockies and the larger portion of California fruits are distributed 
and marketed by cooperative organizations of the growers. In the 
Middle Western, Southern, and Eastern States many special prod- 
ucts, such as strawberries, peaches, apples, grapes, onions, potatoes, 
and other vegetables, are distributed cooperatively in a large way. 
There are individual organizations that do an annual business in 
the millions, and it is estimated that the farmers’ associations of the 
United States will transact more than $1,000,000,000 worth of 
business in 1915. 
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This bulletin can not attempt to discuss the functions of these 
organizations in detail because it is written primarily for the indi- 
vidual grower who has no cooperative organization to handle his 
shipments for him. 

SALES DIRECT TO CONSUMERS. 

Tt is a common belief that the most direct outlet for producers, 
that is, the channel direct to consumers, is always the most simple 
and elementary of all channels of distribution. It is doubtful 
whether this is always true, for many difficulties lie in the way of a 
producer who attempts to get in touch with the final consumers of 
his commodities. There is no doubt as to the advantages, in that 
there are no intermediaries in the distribution of these goods and the 
producer is able to get much higher prices than he could if selling at 
wholesale. 

Before discussing direct methods of marketing it may be well to 
give some consideration to the difficulties involved, especially 
in the distribution in the larger cities. In the first place, there is 
the inconvenience of getting in touch with the consumers who are in 
the market for the particular commodities concerned and, in the 
second place, the difficulty of making collections and avoiding bad 
accounts. The average grower is fully occupied in supervising pro- 
duction on the farm, and it is troublesome enough for him to keep 
in touch with general market conditions without attempting to han- 
die ali of the details necessitated by direct marketing. Finally, 
these direct channels are possible only in specialized cases where 
small quantities of goods are to be shipped, and it is seldom that 
large quantities of products from extensive farms or orchards can 
be disposed of through these outlets. Wholesale distribution must 
be resorted to in these cases. 

The principal methods of selling direct to consumer by the farmer 
may be summarized as follows: Direct delivery by wagon or motor 
truck; sales on public markets; express and parcel-post shipments; 
peddling from the car doors; and, finally, sales to factories, such as 
canning or pickling plants, cider mills, and grape-juice factories. 

DIRECT DELIVERY BY WAGON. 

Direct delivery by wagon or motor truck is practicable only where 
the farmer lives within a 25-mile radius of the consuming center. 
Hence this method affords an outlet only for the commodities pro- 
duced in the area immediately surrounding the market. Such 
deliveries are limited, in the main, to country towns and smaller 

cities. The automobile truck undoubtedly is enlarging this radius, 

1 See Bassett, C. £.; Moomaw, C. W.,and Kerr, W.H. Cooperative marketing and financing of market- 

ing associations. In Yearbook U.8. Dept. of Agriculture, 1914. 
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but this service probably will be limited to a very small portion of 
the total producing area of the country and can not be expected to 
form an outlet for the great bulk of farm‘srops. Again, the develop- 
ment of cities with their constant encroachments upon outlying 
country districts forces production areas farther from the market 
centers, and in the larger cities makes it practically impossible for 
growers to deliver their produce direct to consumers. The best ex- 
amples of successful direct deliveries by growers to consumers are 
found in the sales of fresh fruits and vegetables in small country 
towns and in the deliveries of milk from neighboring farms through 
the residential sections of most of the larger cities. 

PUBLIC MARKETS. 

Public markets afford a profitable outlet for the farm products of 
growers located within hauling distance of many large cities. These 
markets may be either municipally or privately owned. Sellmg may 
be either at wholesale or retail, although in many cases both selling 
methods are allowed. Customarily the sites consist merely of an un- 
covered tract set aside for this purpose, where space sufficient for the 
grower’s wagon is rented at an average charge ranging from 10 to 
25 cents per day. The site may be improved by the erection of sheds 
or even a specially constructed market house. In the latter instance 
the interior is portioned into stells which usually are rented to regular 
wholesale or retail dealers who buy from the producers. 

The grower who sells on the public market has the advantage of 
being able to ascertain available supplies and thus arrive at a feir 
market price. He secures the advantage of competitive buying by a 
large number of dealers who are attracted by 2 wide variety of prod- 
ucts in plentiful supply. 

In certain places where municipalities have failed to provide 
facilities of this character, the growers themselves have organized, 
purchased tracts of land in the city and developed their own trading 
place. 

Public markets are imporiant factors in the distribution of farm 
products in many eastern cities, and although they are not quite so 
usual in the West, they octane are receiving more attention.! 

EXPRESS AND PARCEL-POST SHIPMENTS. 

The extensive use of express and parcel post by farmers in order 
to reach consumers is of recent development, and the ultimate possi- 
bilities of this means of distribution are as yet unknown. The post- 
office authorities, as well as the express companies, are making efforts 
to bring the consumer and producer together by publishing lists of 

1See Branch, G. V. Public retail markets. Im Yearbook U.S. Dept. of Agriculture, 1914. 
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producers who have goods to sell, at stated prices, and also by means 
of lists of consumers who are in the market for different commodities. 

The parcel-post shipments up to the present time usually have been 
limited to shipments of poultry, butter, and eggs, and have been 
quite successful in these lines. The cost of such service, except for 
extra fancy stock, in many cases is prohibitive, and it is doubtful to 
what extent the average farmer can make use of these outlets for 
miscellaneous products. Without the development of special methods 
they are not to be considered by those having car-lot quantities. 

CAR PEDDLING. 

Another method by which the grower can sell direct to the con- 
sumer, at least direct to the retail trade, is by accompanying a car of 
produce to the market and selling directfrom the car docr to the dealers 
andconsumers. Thisis termed ‘‘carpeddling.”’ In order to do this it 
is necessary in most cities that the producer take out a license from the 
city authorities which gives him temporary selling privileges. The 
charge for such a license varies from $10 to $25. 

While this method of seilmg may be practicable where the growers 
have no cooperative association, yet it would be unwise for an in- 
dividual producer to go on the road im active competition with a 
competent selling organization. The grower also must bear in mind 
the fact that although the returns from this method of selling at first 
may appear large, they will be cut down to a great extent by his ex- 
penses, the time consumed, and the consequent neglect of his regular 
business. 

This practice may result also in lowermg wholesale prices, inas-_ 
much as the grower may be anxious to get away and may sell at 
figures which the regular dealers would not accept. Car peddling 
is more common in the South and Southwest than in other sections 
of the country. 

SALES TO FACTORIES. 

Sales to factories may not seem to be rightfully classed with direct 
sales to consumers. However, when it is remembered that fruit 

which is taken to a canning factory as a perishable product comes 
from the factory as a semistaple product, this classification seems 
reasonable. These factories may be classed under the following 
general heads: Canning plants, pickling plants, cider mills, evapo- 
rating plants, wineries, distilleries, and others of like nature. 

Canning plants probably constitute the largest outlet for fruits 
and vegetables, but there is a common misunderstanding concerning 
these factories. It is usually understood that these plants utilize 
the cull grades of fruits and vegetables. This is true in only a 

! See Flohr, Lewis B. Shipping Eggs by Parcel Post. Warmers’ Bulletin 594. 1914. 
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limited way, and the practice is becoming less common. Competi- 
tion has become so keen among canning factories that quality is now 
a determining factor of success, consequently they are making an 
effort to secure the higher grades of fruits and vegetables. It usually 
is necessary to make contracts in advance if markets are to be secured 
at these factories. The farmer who approaches the factory only 
when he has unsalable surplus and the markets are glutted must 
expect very low offers. . 

Pickling plants use more vegetables than fruits, and a large part 
of the cucumber crop is used in this way. Kraut factories, which in 
many sections afford important markets for cabbage, may be 
included under this head. 

Cider mills and evaporating plants may be said to be the real 
outlet for cull grades of fruits, although even with these quality is 
becoming more important. It is a truth too little understood that 
low grades, while sometimes bringing fair returns, are in reality a 
detriment to the market, because they tend to pull down the price 
of the better grades. Farmers will do better on the whole to accept 
a low price for these cull grades from the factory and keep them off 
the general market, thus causing the general tone of the market to 
strengthen materially. 

_ Wineries are most numerous in the western grape sections, espe- 
cially in certain districts in California. Certain varieties of the Euro- 
pean grapes are especially desired for wine manufacture, and the 
wine industry at Fresno, Cal., is a very important factor in the 
grape-growing business. The grape-juice factories of New York and 
Michigan are important factors in the utilization of native grapes in 
the northern section. These factories are insisting more and more 
upon a better quality, and cull grapes find a limited outlet. Apples 
and peaches are the fruits most largely used in the manufacture of 
brandies and cordials by the distilleries, and these are now insisting 
upon at least a fair quality. 

These industries have become vital necessities in the fruit sections 

on the Pacific coast and probably will be the determining factors 
between profit and loss. While the need of such outlets has not been 
forced upon the attention of eastern fruit growers to the same extent 
as in the West, nevertheless there is room for much study and develop- 
ment in this field. One of the maim principles in successful manu- 
facturing is the utilization of waste materials, and this principle is 
no less important in fruit growing than in manufacturing enterprises. 

SALES THROUGH MIDDLEMEN. 

Although direct sales from producers to consumers have their 
advantages, nevertheless it is true that most car-lot quantities of 
farm produce must be sold through wholesale distributing agencies, 
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and the average producer will have to utilize some of the present 
machinery. There is much misunderstanding and confusion in the 
use of the terms which designate the different middlemen. In this 
bulletin an attempt is made to employ these terms according to their 
most common usage, in order to have definite expressions with 
which to work. 

The middlemen to or through whom growers can sell direct may 
be enumerated as follows: Country merchants, country collecting 
agents, country buyers of special products, traveling buyers, private 
exchanges, operators, brokers, commission men, auctions, and retailers. 

SALES TO COUNTRY MERCHANTS. 

The primary advantage of dealing with a country merchant is 
that the farmer can trade with him in person and is more apt to 
know the financial and moral responsibility of the man to whom he 
is selling. The country merchant usually will purchase poultry and 
poultry products, farm butter, wool, hides, or commodities produced 
on the farm in quantities not sufficiently large to constitute commer- 
cial shipments. The farmer is paid for the produce either in cash 
or with credit at the local store. Provided his purchases are large 
enough, the country merchant combines them into car lots and sells 
direct to the city trade, or disposes of them to a car-lot assembler at 
some neighboring shipping point, who concentrates these small 
shipments into car-lot quantities, selling to the city trade on his own 
account; also the country merchant may ship small lots of produce 
directly to commission houses. 

COUNTRY COLLECTING AGENTS. 

Country collecting agents, on the other hand, are the country 
dealers or buyers who go directly to the farm with their wagons, 
buying or trading for small quantities of eggs, butter, poultry, hogs, 
calves, and other farm products which they concentrate into carloads 
and ship to receivers in the city. They pay cash for the goods at the 
farm. These country collecting agents include the so-called ‘ car-lot 
assemblers.”’ 

LOCAL COUNTRY BUYERS OF SPECIAL PRODUCTS. 

Country buyers operate, as a rule, in districts producing large 
quantities of such specialized commodities as apples, peaches, and 
citrus fruits. They buy from the producers in car lots and ship to 
the best available markets, selling on orders or through the usual 
market channels for whatever margin they can secure. They pay 
in cash at the shipping point at the time of sale or delivery. ‘This 
method of sale is common for tomatoes and cantaloupes in Florida, 
potatoes in Maine, watermelons in Texas, peaches in Georgia and 

Michigan, and apples in the Eastern States. 
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The term ‘‘country buyers’? as used in this bulletin refers to 
buyers who are permanently located and do not move from one 
district to another with buying brokers and traveling buyers. In 
many instances the trade defines this person as a ‘‘shipper.”’ Another 
very erroneous designation is ‘‘car-lot assembler.” 

These local country buyers, where they are well known in par- 
ticular communities, may prove to be profitable connections for 
shippers, due to the fact that they have reputations to uphold in 
order to obtain business, and consequently can not operate on a 
‘‘fly-by-night’’ basis. Furthermore, these buyers usually pay cash 
at time of delivery, and inasmuch as the grower thus has the money 
im possession, the honesty of the buyer is not so important. 

TRAVELING BUYERS AND BROKERS. 

Traveling buyers and brokers operating at shipping points work 
along practically the same lines, moving from one specialized district | 
to another with the advance of the season. 

The difference in activities lies in the fact that brokers buy what- 
ever produce is wanted in whatever amounts are desired, and ship 
to wholesale houses which have placed orders with them, charging 
a definite brokerage for each car shipped. They are usually ‘free 
lances’”’ buying for all who retain them, upon payment of the stipu- 
lated brokerage. In reality so-called brokers at the shipping end in 
addition to buying on orders from wholesale houses also sell for 
growers and shippers, thus finding outlets for carloads of produce. 

Traveling buyers, on the other hand, are employed by single houses 
on a definite salary basis and perform the services of brokers for 
these individual houses alone. 

In order to attract buyers to a certain section, the first require- 
ment is a erop or crops of sufficient tonnage to make the ‘‘deal”’ of 
commercial importance. _A second requirement is to bring the facts 
to the attention of the trade before shipments begin. This can be 
accomplished by advertisements in trade journals or by letters to 
the largest distributors of these products in neighboring markets, 
stating the probable number of carloads of each product to be shipped 
from the district, together with the probable opening date of com- 
mercial shipments. Provided a large number of buyers and trade 
representatives can be assembled, the possibility of higher prices is 
greatly increased through competitive bidding. 

Sales should not be made to- representatives of anlage firms 
without a careful inquiry into the business responsibility of the firms 
and into the accredited standing of the representatives. 

Traveling buyers and brokers will be found in nearly all of the 
specialized districts as well as in many other sections. 
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PRIVATE EXCHANGES. 

Private exchanges are stock companies, organized: for profit, 
which distribute shipments, usually in car lots, for either individual 
growers or producers’ organizations. They take charge of the goods 
-before they are packed, and sell through salaried representatives or 
individual brokers in the large markets, subject to the growers’ 
orders. Except that they are operated for profit rather than on a 
cooperative basis, they resemble very closely the cooperative asso- 
ciations in their distribution and sales methods. 

These exchanges charge either a straight brokerage or a percentage 
based upon contract. The charges vary with each transaction, con- 
sequently no general average can be given. In general, their charges 
will be found to be about the same as private brokerage charges, 
with an addition sufficient to cover the cost of any extra services 
which may be rendered. Large quantities of Northwestern apples, 
Michigan grapes, and California citrus fruits are handled by these 
exchanges. 

OPERATORS. 

Operators are large wholesale firms which send private buyers or 
solicitors into producing sections, and which, through representa- 
tives or branch houses in several large markets, afford a wide distri- 
bution for commodities purchased on their own account. Some of 
the firms which have handled a large part of the Colorado cantaloupe 
production in recent years may be termed operators. These firms 
performed the following functions: (1) They have advanced rent, 
wrigation expenses, crate materials, and other supplies; (2) super- 
intended the picking, grading, packing, and loading of the crop; (3) 
made further cash advances at the time of shipment; (4) distributed 
the crop. 

Operators buy in car lots, and in many cases they will handle the 
whole ‘‘deal”’ in a particular section, as was done with Colorado and 
California cantaloupes in the 1914 season. They attend to all of the 
details of advertising and marketing, and sell the fruit under their 
own wrappers and labels. The advances made vary with each 
transaction and depend upon how favorable a contract the grower 
is able to demand from the representatives of the operators. Canta- 
loupes in California and Colorado, tomatoes in Florida, and potatoes 
in Texas are handled, to a large extent, by these organizations. 

The producer who sells to operators is reasonably sure of a market, 
although he may have to accept low prices. The low prices some- 
times offered by the firms acting in this capacity are perhaps justified 
by the fact that they assume large risks and heavy financial burdens, 
while the growers are relieved of all speculative worries. 
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CARS BILLED DIRECT TO BROKERS. 

A rather uncommon practice is that of the billmg of cars direct to 
brokers in the markets by individual growers. When goods are 
standardized and the broker can effect a sale, subject to mspection, 
merely upon notification of shipment, this method may be practicable, - 
but in the majority of cases the average grower will be unable to 
utilize this method. Brokers handle practically nothing in less than 
carload quantities, and if it is desirable to ship produce directly to 
market in less than carload lots, it will be necessary to make use of 
some commission merchant. Nevertheless, this method is open to 
any car-lot shipper, provided he meets the requirements of such 
distributors. Brokerage charges for sellmg vary from $5 to $20 or 
more a car, depending upon the commodity, the average charge for 
deciduous fruits beg $15 per car. With oranges, lemons, and grape- 
fruit the average brokerage charge is 5 cents per box. 

The advantage to the shipper of using a broker is that the broker 
is supposedly the representative of the shipper and will look out 
primarily for his interests. He does not handle any funds and his 
brokerage is fixed, regardless of the sellmg price of the goods. He 
can be of great assistance to the shipper in preventing unwarranted 
rejections or in securing proper allowances where rejection is justi- 
fied. In other words, he acts as the personal representative of the 
shipper on the market.1 

In reality, however, the broker is prone to favor the buyers im 
order to keep in good standing with the trade. Also, there is a 
temptation to accept orders for more cars than the market can stand, 
simply to get the brokerage, with resultant low prices to the growers. 

COMMISSION MERCHANTS. 

The most common outlet for the producer who is shipping in less 
than carload quantities is through the commission merchants m 
large markets. In the larger markets a gradual falling off 1s noticed 
in straight commission business. Dealers as a whole prefer the more 
businesslike method of outright purchases either at point of origin or 
destination, and lack of standardization and grading is probably the 
only hindrance to a more rapid reversion to this method of buying. 
Road salesmen often solicit consignments for their firms in addition 
to the regular solicitors. Stencils are supplied by most of these 
companies, giving the address of the firm and a number identifymeg 
the shipper, with which the farmer can mark his shipments. When 
this is done all details of marketing will be attended to by the com- 
mission firm. Usually these firms also render account sales to the 

1 For selling methods of the various wholesale agencies on the market, see Bulletin 267, U. S. Dept. of 

Agriculture. 
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growers before collection is made, often within 24 hours. In this 
respect they differ from the broker who customarily makes no col- 
lections or remittances to the shipper. In return for this service of 
immediate remittances and consequent carrying of credit accounts 
the commission merchants must charge a higher rate than the broker. 
Because he sells in less than carloads, commission charges vary from 
5 to 12 per cent, according to the relative perishability of the goods 
handled, the average charge on perishables probably bemg 10 per 
cent. Commission firms specialize m certain commodities, such as 
egos, butter, and cheese, or fruits and vegetables, or poultry and 
game. Usually each firm will handle any shipments made to it. 

AUCTIONS. 

A rather uncommon outlet for the mdividual grower is the auction. 
Auctions do not openly encourage shipments direct from the pro- 
ducer as they prefer to be impartial sellers rather than receivers of 
goods. In most cases where goods are so shipped, they are sold 
unmarked and consequently brig less than commodities marked 
with well-known brands. Auction charges usually average 2 to 5 
per cent for handling the products of cooperative marketing asso- 
ciations. Where these selling charges average less than 5 per cent, 
a terminal charge of 5 cents a package sometimes is collected from 
the buyers who patronize the auction. 

RETAILERS. 

Sales direct to retailers or to hotels and restaurants need no par- 
ticular explanation at this point. In most cases goods must be of 
extra fancy quality in order to make it possible to utilize this outlet. 
Middlemen sometimes perform a great service by repacking and 
grading products which are sent to them m unmarketable shape or 
which have deteriorated in transit, for which service a charge must 
be made. If the farmer desires to save this expense he must per- 
form these services for himself. 

GENERAL SALES PRACTICES AND TERMS. 

The usual types of sales of produce may be enumerated as follows: 
Sales at point of origin, sales in transit, and sales at destination. The 
terms upon which sales may be made may be classified as follows: 
Cash at farm or orchard, f. 0. b. cither point of origin or destination, 
and finally an ‘‘on-track’’ sale for cash at destination. 

SALES AT POINT OF ORIGIN. 

Sales at point of origin may be either outright sales of commodities 
before or at harvest, sales on f. 0. b. terms, or sales ‘‘on joint account.” 
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OUTRIGHT SALE OF GOODS BEFORE OR AT HARVEST. 

The outright sale of products before or at harvest does not need 
much elaboration, as these sales are for cash and the producer can 
treat in person with the buyer. The only differences that may occur 
between sales of this class are in the terms. For instance, fruit may 
be sold to the buyer on the trees, in which case the buyer estimates 
the probable yield and offers a lump price for the whole crop. In this 
case the buyer attends to picking, packing, and delivering the fruit, 
and the grower is relieved of all further responsibility. Many orchard- 
ists object to this method of sale, claiming that the pickers and packers 
hired by the buyer do great damage to the trees while gathering the 
fruit. 

Growers who object to this method of sale pick and pack the fruit 
themselves, preparing it in marketable shape, and sell the fruit at 
the orchard. In this case the buyer attends only to loading the fruit 
on the cars and to its disposition on the market, the grower receiving 
his money at the time of sale. A variation of this method occurs 
when the grower sells the crop while on the trees, but payment is 

_ deferred until after the fruit is picked, packed, and delivered. 
Another common type of outright sales occurs when the buyer con- 

tracts to use only fruit of a certain grade, in which case the orchardist 
must find other outlets for the remaining grades. 

SALES ON F. O. B. TERMS. 

Sales on f. o. b. terms, due to improved standardization of farm 
products, are forming a continually increasing portion of the total 
sales of produce, although the increase is very gradual. 

‘‘F’, o. b.”’ means ‘‘free on board.” As sales may be made “‘f. o. b. 
point of origin”’ or ‘‘f. o. b. destination,” the grower should always 
be careful to specify whether he means free on board at point of 
origin or delivered at destination. If the terms of the sale are f. o. b. 
place of shipment, then the purchaser will have the goods he intends 
to buy delivered and loaded into the car without any expense to 
himself. On the other hand if the terms of the shipment read “‘f. o. b. 
destination”’ it means that the freight must be delivered at destination 
freight paid, or if the freight is not prepaid the purchaser may deduct 
these charges from the invoice before making remittance. 

In fruit and produce circles generally, the term f. 0. b. is commonly 
understood to mean a sale at point of origin, with inspection privileges 
at destination. These sales are called ‘‘f. 0. b. destination,” “‘f. 0. b. 
usual terms,”’ or ‘‘delivered sales.”’ 

Sales on f. o. b. terms may be made either to traveling representa- 
tives of distributors or by correspondence with city connections. The 
former is the most common method of sale for the average eastern 
shipper who is not handling large quantities of any one type of produce 
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or who does not enjoy a reputation sufficient to warrant sales on 
advance orders. An f. o. b. sale to traveling or field representatives 
of distributors resembles an ‘‘on-track sale” at the market center, 
because inspection is made before the purchase price is agreed upon. 
Customarily sales are for cash. This method of sale is limited to 
specialized sections which annually attract many buyers, for com- 
petition among several buyers is almost a prerequisite to securing 
f. o. b. sales. The average speculator will avoid cash f. o. b. sales 
where possible, but may be forced to buy through keen competition 
and limited supply. Furthermore, if there are only a few buyers in 
a certain district, and they know that the growers are more or less 
dependent upon their offers, combinations may be effected which 
will result in reducing prices materially. The f. o. b. sale is un- 
doubtedly the most satisfactory for the average grower, for in a 
majority of cases it is unwise for the producer to attempt to play 
the market and trust to his own knowledge of market conditions in 
shifting his car from one larger center to another, excepting as he 
does so through a cooperative selling organization. 

Sales on f. o. b. terms through city representatives, such as brokers 
or association representatives, or finally, direct to car-lot wholesalers, 
are made most frequently by cooperative associations im specialized 
sections. One of the prerequisites is an established reputation on 
the part of some association which stands back of the products. 
Comparatively few individual producers ship in large enough quanti- 
ties to have such an established reputation. 

These sales are very rarely for cash; in almost all cases they are in 
the nature of orders from prospective customers secured by city 
salesmen or brokers. Salesmen solicit orders for future shipment, 
instructing the associations or shippers as to the time the goods are 
desired. 

It is customary in making f. o. b. sales to allow inspection by the 
purchaser at destination. With perishables this is almost a necessity, 
and there are practically but two reasons why a shipper should refuse 
inspection at the distribution poimt—either because he knows that 
the quality of his goods does not meet the contract specifications, or 
because he doubts the willingness of the buyer to accept the goods 
in case of a decline in the market. However, with proper business 
precautions in selling methods, and with an average amount of 
honesty on the part. of the shipper, neither of these conditions should 
arise. It is understood that in the case of f. o. b. sales to traveling or 
field representatives, inspection is made on the track at the time of 
sale. Under average conditions, inspection must occur, in nearly 

every instance, at either the point of shipment or delivery. 
Certain disadvantages and limitations attend sales on ‘‘f. 0. b. 

destination” terms which do not apply to cash f. o. b. sales at point 
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of origin. One of the most common difficulties is experienced when 
a buyer orders a car subject to inspection, and, in case of a decline 
on the market before delivery is made, refuses acceptance because of 
some alleged deficiency. If a buyer wishes to refuse a car, it is not 
hard to find some defect which he can use as a plausible pretext for 
refusal. 

This matter of rejection depends entirely upon the nature of the 
implied contract. If the grower ships a car which is under grade, the 
receiver has a right to refuse it whether the market is declining or 
advancing. When a buyer makes a purchase ‘‘f. 0. b. point of origin” 
he assumes all risk of loss in transit and must see to all claims for 
damage. - On the other hand, if he buys ‘‘f. 0. b. destination” or buys 
‘‘on track” at destination the shipper assumes the risk. 

In the absence of special agreement to the contrary, when commodi- 
ties are delivered to a common carrier for shipment, the title to the 
goods ordinarily passes to the purchaser when the goods are delivered 
to the carrier properly tagged and addressed. Usually, discrepancies 
may be found through which a purchaser can manage to withdraw from 
his agreement, but where a shipment has been accepted at point of 
origin it belongs to the purchaser and not to the producer. 

Another objection brought against f. o. b. sales is that they will 
not expand markets to any great extent. In order to expand a 
market the representative of the selling association or the shipper 
must have the privilege of making sales on any terms possible, pro- 
vided the prices are justified by prevailing market conditions, and 
provided sales are always made subject to confirmation by the 
shipper. 

This question of the relative advantages of sales on f. o. b. terms 
and sales ‘‘on track” at destination is one over which the managers of 
the large cooperative associations in the country differ greatly. It 
has been claimed that sales on f. 0. b. terms subject to inspection 
are of no more advantage than sales ‘‘on track” at destination, inas- 
much as in the majority of cases they must depend upon acceptance 
at destination. To a certain extent this is true. 

On the other hand, advocates of f. 0. b. sales claim that when a 
buyer orders a car on these terms through the city representative of 
a shipping association, the buyer is really in the market for the 
supplies ordered. Consequently, when the goods are shipped, there 
is at least a prospective buyer in sight and the final sale is more 
likely to be consummated. Even though the market may decline in 
the interim, the allowance made on account of decline in price is 
usually not as great as the total drop in the market price. The 
reason for this is plam. The buyer is in the market for the com- 
modities and he is depending upon this one source to secure them. 
Although the market has dropped and he naturally hopes for certain 
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concessions from the seller, yet he will not expect an allowance to 
_eover the total drop, but will be content, in most cases, to compro- 
mise and accept a reasonable concession. As a consequence, the 
selling association will secure larger returns than if it had shipped a 
car without a previous order, commonly termed a ‘‘tramp car,’’ in 
which case it would have been compelled to accept the prevailing 
market price. 

SALES ON JOINT ACCOUNT. 

Sales on jomt account are agreements made between the grower or 
shipper and the market representatives on a certain deal, the latter 
to contribute his knowledge of marketing conditions and the. former 
to make use of his knowledge of conditions at the producing end. 
Deals of this kind are possible only where both parties: know and 
understand each other thoroughly, for each is absolutely dependent 
upon the integrity of the other. The division of expenses and profits 
varies greatly with each contract, though it may be said that the 
usual custom is for the net profits, after deduction of expenses, to be 
divided equally between the shipper and the market representative. 

SALES IN TRANSIT. 

Customarily sales in transit do not concern the individual grower 
directly, inasmuch as this type of sale is usually made only by 
shipping associations. Again, sales in transit are necessary only in 
the case of large crops of produce which must be kept moving in order 
to prevent a congestion at the shippmg end. In many cases it is im- 
possible for a large association to secure f. o. b. sales for all the prod- 
uce which it has ready for shipment. Consequently, the manager 
ships out cars known as tramp cars, which are billed to some diver- 
sion point in the general direction of the markets where prices seem 
to be strongest. While the cars are in transit orders are received 
and the cars diverted accordmgly. In case no buyer is found by the 
time the diversion point is reached, the ear is either diverted to the 
market which seems to offer the best possibilities or is sent to some 
auction point. . 

In these sales either absolute selling power is granted to the repre- 
sentative of the shipping association or sales are made subject to con-~ 
firmation by the shipper. In the former case, where absolute selling 
power is granted to the representative, no control is possible by the 
shipper, inasmuch as the representative becomes the virtual owner 
of the commodity. Thus a shipper who is unable to keep in close 
touch with the market may rely on the ability of his representative 
and telegraph him instructions merely to sell to best advantage. 
Under instructions of this kind the representative is justified in mak- 
ing almost any disposition of the shipment which he believes to be 
best. 
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The usual and safest method is to make all sales subject to con- 
firmation by the shipper and not give absolute selling power to the 
representative. In this case the broker will offer to the trade or re- 
ceive orders from the wholesale trade, and if any seem to approximate 
the market, he will telegraph these offers to the association or shipper. 
In case the association accepts the offer, the sale is made, usually, with 
the proviso that the goods are to be subject to inspection by the 
purchaser. 

SALES AT DESTINATION. 

Sales at destination may be either for cash ‘‘on track,” through 
the auction, or sales out of storage. 

TRACK SALES AT DESTINATION AND SALES THROUGH THE AUCTIONS. 

Where a car is billed as a tramp car in the general direction in 
which markets seem strongest and no sale has been made or order 
secured for the goods en route, the car is diverted to the strongest 
available market with orders to the local representative or broker to 
make the most advantageous sale possible. The broker then gets 
prospective buyers to make inspections and offers, which he submits 
to the shipper. In case no attractive offers are made the car may be 
sold through the auction. 

SALES OUT OF STORAGE. 

Another common procedure for the producer when marketing con- 
ditions are not favorable at the time of shipment is to place the goods 
in cold or common storage until the market strengthens. In this 
case the shipper becomes a speculator, and usually it is best to allow 
regular marketing agencies to handle speculative deals, unless the 
erower has the advantage of a cooperative association and the expert 
services of a trained manager. In the first place, the average indi- 
vidual shipper has not a sufficient quantity of produce to influence 
the trend of the market materially, nor is he able to keep in touch 
with country-wide conditions and probable future developments. 
In the second place usually he is not able to inspect the goods in stor- 
age at regular intervals. The keeping qualities of the same varieties 
of fruit vary greatly from year to year, and regular inspection is 
‘almost a necessity in order that the sales may return a profit. Where 
growers are cooperatively associated the sales representatives on the 
different markets can perform this service. As a general principle, it 
may be stated that only sound and fairly matured stock should go 
into storage. 

In other words, this method of sale is practicable only when the 
grower can keep in touch with the market, or when he has an abso- 
lutely reliable representative on the market who can make inspec- 
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tions for him and give him expert advice as to the best time to sell. 
Storage charges in the case of fruits are based upon monthly and 
seasonal rates. Thus with barreled apples the usual charge is from 
10 to 25 cents for the first month, with a monthly charge thereafter 
of from 10 to 15 cents, or a seasonal charge of 40 to 50 cents, which 
allows the shipper to store his commodities from one to six months. 

In many instances the provision of storage facilities on the farm 
may be a profitable investment. A storage house or cellar of the sim- 
plest type which will hold produce m good condition for even a few 
days may prove to be a determining factor between profit and loss. 
For instance, the psychological influence upon a buyer of the realiza- 
tion that the grower is not dependent upon him often will result in 
the offer of higher prices. 

Most growers are unable to store because of the fact that they need 
immediate cash returns in order to pay existing obligations. Where 
the standing or credit of a grower or association is unquestioned, it 
may be possible to secure substantial advances, using warehouse cer- 
tificates as collateral, but an unknown shipper will find great diffi- 
culty in securing such loans. It is doubtful whether advances would 
be made by banks on warehouse certificates based upon perishable 
products. Banks sometimes take these certificates as collateral from 
cooperative organizations, but this is done usually as a matter of form, 
the bank relying on the warehouse certificates for the perishable prod- 
ucts much less than on the assets and ea credit of the cooperative 
organization. 

In many cases it also will be necessary to insure the goods while in 
storage to cover all possible risks, and this is an additional charge 
which the grower must pay, although comparatively the cost is not 
great. 

CONCLUSION. 

The development of the so-called ‘‘middleman system” has not 
been a parasitic growth. Distributors have arisen through economic 
necessity caused by the ever-widening distance between the producer 
and the consumer and the ever-increasing demands for service from 
the latter. There is no doubt that conditions can be improved 
greatly, but it is no less certain that the distributing trade performs 
a very valuable service at this time, though sometimes at a tremen- 
dous cost and with great waste. 

If the suggestions given in this bulletin appear complex, they will 
at least have accomplished one result—to make both the producer 
and consumer realize that there is a good reason for the existence of 
distributors. If the grower is not willing to take all these precau- 
tions, assume these risks, and spend the time necessary to locate the 
final consumer of his goods, he must depend upon the services of 
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some of these so-called middlemen. Even though the growers may 
be federated into a cooperative association and thus be relieved of a 
creat many details and dangers, by the employment of an expert 
sales force, nevertheless the association must in its turn employ at 
least a part of the present marketing machinery in disposing of the 
greater portion of its products. 

Improvements are needed; of this there is no doubt. Undoubtedly 
they will be made. However, in the meantime products must be 
marketed, and until changes are made such marketing machinery as 
is available must be utilized. 

Cooperation will accomplish much in the way of better distribution, 
the standardization of products, and the improvement of business 
methods. 

SUMMARY. 

1. Cooperation is desirable between grower and grower, and grower 
and consumer, but is needed especially between the producer and the 
distributor. The grower must realize the necessity of living up to an 
agreement and doing business on a businesslike basis. 

2. The grower should keep in constant touch with the market either 
through the newspapers, trade papers, private firms, auction reports, 
or by telephone, telegraph, or mail. 

3. In offering goods for sale shippers should give definite and de- 
tailed information regarding the prospective shipments, such as the 
probable date of shipment, the commodity, number of packages, kind 
and size of package, quantity and quality of each variety, whether 
freight or express shipment, and the road and route. 

4. Market quotations are of value in finding the best market, but 
only as temporary indicators of general price levels, and too much 
reliance must not be placed upon them. 

5. Personal visits to the market patronized will enable the grower 
to obtain the proper market perspective. He will see the difficulties 
under which the distributors work, he will see his products in compe- 
tition with those from the most highly specialized districts, and he 
will learn the necessity of good quality, honest packing, and stand- 
ardization. 

6. Before establishing market connections, the dealer’s commercial 
standing should be studied very carefully. Commercial credit 
agencies, trade papers, chambers of commerce, and local bankers all 
can be of assistance in this respect. 

7. The producer can sell either individually or cooperatively. 
Cooperative associations assume all marketing responsibilities for 
the individual shipper and are in a much better position to keep in 
touch with the market and to secure an equitable distribution. 

8. Sales direct to the consumer are not always advisable owing 
to the difficulties of transportation and the problems of collections 
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and bad accounts. Direct-to-the-consumer sales are usually possi- 
ble only with highly specialized commodities of small bulk. 

9. Direct-to-consumer sales by the grower may be made as fol- 
lows: Direct delivery by wagon or motor truck; the use of public 
markets; express and parcel-post shipments; peddling from the car 
doors; and sales to factories. 3 

10. Under present methods of distribution most car-lot shipments 
must be sold through wholesale distributing agencies. 

11. Sales to country merchants, country collecting agents, country 
buyers of special products, and travelmg buyers are desirable in that 
the grower deals with the buyer in person and receives cash at the 
time of sale. 

12. Private exchanges closely parallel cooperative associations in 
the organization of their sales forces, with salaried representatives 
or brokers in the larger markets. Thus they are able to secure an 
advantageous distribution of commodities sold through them. 
Cooperative associations, however, are mutual organizations of pro- 
ducers, while the exchanges are private companies organized for 
profit. 

13. Brokers and commission merchants are valuable marketing 
aids to the producer in that they act as his personal representatives 
on the market. In the case of brokers this is an important con- 
sideration in the matter of rejections, for the representative is able, 
through being on the market, either to prevent rejection entirely or 
to offer a suitable compromise. Brokers act merely as representa- 
tives of the shipper, whereas commission merchants usually have 
complete authority to dispose of shipments to the best advantage. 
Brokers handle shipments usually in car lots, while commission mer- 
chants handle shipments of any size. 

14. The sale of goods before or at harvest time transfers the ele- 
ment of risk from the grower to the buyer and changes the crop into 
immediately available assets. 

15. One advantage of selling goods f. o. b. destination is that 
although they are liable to rejection in case of damage in transit or 
a decline in the market, there is at least the prospect of a buyer, 
and, with reasonable allowances made, the car usually will return a 
greater profit than if it had been shipped to the market unordered. 

16. Provided an order can not be secured by the time a shipment 
of perishables is loaded, the car can be started in the general direc- 
tion in which market conditions seem strongest. If a sale is made 
while the car is in transit, the shipment can be diverted to the proper 
market, 

17. When a car has arrived on the market and is unsold it may be 
disposed of either for cash ‘“‘on track,’ through an auction, or it 
may be put into storage until conditions warrant its withdrawal. 
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GLOSSARY OF TRADE TERMS AND EXPRESSIONS AS USED IN THIS 
BULLETIN. 

Account sales. The statement which a commission merchant renders to a shipper 
accounting for the shipper’s goods. 

Allowance. The concession in price made to a buyer in order to induce him to 
accept a car which he has rejected. 

Auctions. Organizations, usually in the form of stock companies, whose business 

is to sell fruits at public sale to the highest bidder, charging a definite fee for this 
service. 

Brokers. Agents who negotiate the purchase or sale of goods. They have no finan- 
cial interest in the goods they handle, and are paid by a definite fee. 

Car-lot assemblers. A term commonly applied to the country merchants or 
buyers who purchase in small lots and combine into car-lot quantities. 

Car-lot wholesalers. Distributors who buy outright fruits and vegetables in car-lot 
quantities, and who sell to the jobbing or retail trade. 

C.1. Abbreviation for ‘‘car lot.”’ 

Car peddling. The practice of growers accompanying cars of produce to markets 
and selling from the car door in the railroad yards. 

Commercial rating. Extent of financial and general credit responsibility of a firm 
or individual, as determined by unbiased credit agencies. 

Commission merchant. A dealer on the market who receives shipments or con- 

signments and sells to the best advantage, remitting the proceeds to the shipper 
after deducting a specified commission. 

Consignments. Shipments forwarded or delivered to a representative on the 

market to be sold or disposed of by him for the account of the shipper. 

Cooperative association. Mutual organizations of producers formed for the pur- 
pose of grading, packing, shipping, and selling products grown by members of the 

association. 
Country buyers of special products. Buyers located at central points in districts 

producing special crops, such as potatoes, who buy on their own account and ship 

in car-lot quantities. 

Country collecting agents. Country dealers or buyers who drive from farm to 
farm buying on their own account small quantities of produce and assembling 

them into larger units. 
Delivered sales. Sales in which the terms specify that the goods shall be delivered 

free of charge at a specified point. 
Distributors. Individuals, corporations, or associations whose business it is to 

route, distribute, or market agricultural products. 
Diversion point. A point at which the carrier will permit the destination of a car 

to be changed, so located geographically that it is possible for the consignor to 
change the routing of the car before it reaches this point. 

F. o. b. point of origin. Indicates that goods must be loaded ‘‘free on board” cars 

at point of origin by the shipper. 

F. 0. b. destination. Indicates that freight to destination must be paid by the 
shipper. 

F. 0. b. usual terms. Same as “‘f. 0. b. destination.”’ 
Invoice. A statement sent to a consignee containing a list of the goods which have 

been shipped to the consignee in question. 
Jobbers. Dealers at distributing centers who buy usually in less than car-lot quan- 

tities from car-lot wholesalers or commission merchants and, in turn, sell to the 

retail trade. 

I. ¢. 1. Abbreviation for ‘‘ Less car-lot” or ‘‘Less than car-lot” shipments. 

Margin. Difference between the buying and selling price. 
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Middlemen. According to popular usage this term refers to those who share in the 

profits and losses incident to the handling of goods between the producer and the 
consumer. 

On track. (See ‘‘Track sales.’’) 
Operators. Large wholesale firms which send private buyers and solicitors into 
producing sections and which through representatives or branch houses in several 

large markets have a wide distribution for goods which they purchase or handle 
on consignment. 

Overquoting. The practice of sending out quotations above the actual market to 
attract shipments. (See ‘‘Quotations.’’) 

Pool. A combination of the returns from all sales by a cooperative association for a 

given period, each grade and variety by itself, previous to division among the 

members according to the amount, grade, and variety shipped during this period 
by each grower. 

Price currents. Prevailing market quotations assembled and published daily by 
private firms or associations of market men. 

Private exchanges. Distributing organizations incorporated as stock companies 
and operated for profit. They distribute shipments chiefly in car lots for either 

individual shippers’ or producers’ organizations selling through salaried repre- 
sentatives or brokers. 

Quotations. Current prevailing ranges of market prices. 
Rolling. A term indicating that a car is on its way to destination. 

Sale on joint account. A transaction or some particular undertaking by which 

two or more parties combine in contributing the necessary capital and services to 
buy and sell and share the profits or losses resulting therefrom. 

Subject to confirmation. A sale not completed until the offer of the buyer is 
accepted by the shipper. 

Terminal charge (auction). A package charge levied on the buyers by some auc- 
tions. Supposed to help cover the expenses of opening the sample line for inspec- 
tion and general expenses of the auction company... 

Track sales. Sales made of the goods in the car at point of origin or destination— 

customarily the latter. 
Tramp cars. Cars loaded and shipped without sale or consignment. 

Traveling buyers. Salaried representatives of individual wholesale produce 
houses or distributing agencies who move from district to district, as the season 

progresses, buying produce for their respective houses. , 
Warehouse certificates. Receipts issued by storage houses for goods in storage. 

Wholesalers. A general and very loose term including practically all those in the 
distributing trade with the exception of the retailers. (See ‘‘Car-lot wholesalers. ’’) 
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INTRODUCTION. 

The details of our present system of terminal distribution at large 
market centers are practically unknown to many producers and con- 
sumers. The elaborate commercial machinery whereby fruits and 
vegetables are brought from distant production areas to our large 

cities and are there received, divided into smaller lots, and finally 
passed on to the consumer is an unknown mechanism to the layman. 
Much confusion and unnecessary explanation could be avoided if 

those outside the produce trade had a clearer idea of the processes 
incident to the marketing and distribution of perishable food prod- 
ucts. This is especially true in the case of the small shipper. Goods 
which have reached a large market usually have passed from the pro- 
ducer’ s control, but the fact remains that an accurate knowledge of 

1For a ite eatin, of Bar ata methods of an for whiners of trntte anal PESeLEDIEE, 

see Bul. 266, U. 8S. Dept. of Agriculture, by Fisher, J. W., jr.; Collins, J. H., and Sher- 

man, Wells, A. 

Nots.—This bulletin should be of interest to shippers, dealers, and consumers of fruits 

and vegetables throughout the United States. 
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the means whereby his produce finally reaches the consumer might 
exert a very appreciable influence on the producer’s method of grad- 
ing, packing, shipping, or selling. 

This bulletin is designed to assist the shipper in obtaining a better 
understanding of prevailing practices and of distributing agencies. 
This should enable him to use the existing machinery of distribution 

more intelligently and to avoid certain needless annoyances and 
losses. Attention is confined to general practices on the larger mar- 
kets which receive fruits and vegetables in car lots from distant 
points. The facts are presented in explanatory form and some at- 
tempt has been made to give specific advice as to how certain results 

are to be secured. 
A glossary of the trade terms and expressions as used in this bul- 

letin will be found on pages 26 and 27. As these terms are not used in 

exactly the same sense in all parts of the country, this glossary should 
be consulted freely. 

NECESSITY FOR DISTRIBUTING AGENCIES. 

The development of transportation facilities and the extension of 
our agricultural area have widened the distance between producer 
and consumer. ‘This is as true commercially as it is physically. This 
condition has brought with it many difficulties, and the services of 
specialists have been required to accomplish the distribution of large 
crops over wide areas. Certain channels of trade have been created 
and there are numerous avenues through which the farmer may reach 
the consumer. Few of these avenues are direct. The movement of 
farm products from producer to consumer appears to both to proceed 

in most cases along circuitous and devious ways. 
This extensive commerce in food products has called into existence 

many special agencies in that large class known as “ middlemen.” 
During recent years there has been a great deal of agitation against 
those engaged in food distribution. Few people have any clear idea 
as to just who these middlemen are and what functions they per- 
form. Itis probably not going too far to say that, te the uninitiated, 
the middleman is a rather hazily defined person, whose chief func- 
tion is to levy, arbitrarily, a heavy tribute on all foodstuffs passing 
from the producer to the consumer. The attention of the public has 
been directed to increased costs rather than to service rendered. 
Evidently it has never occurred to many who clamor for reform that 
economic conditions would not permit the long continued existence 
of a marketing agency which was simply a parasite. Sooner or later 
business competition must eliminate all intermediate agencies which 
perform no definite useful functions. 

Several important factors have contributed to the establishment of 
many middlemen as necessary agents in the present system of market- 



WHOLESALE DISTRIBUTION OF FRUITS AND VEGETABLES, 3 

ing. Production during the last decade has increased greatly, and as 
a natural consequence improved methods and facilities for handling 
the increase have become necessary. Keeping pace with increased 
production has come the demand of consumers for more elaborate 
and efficient service. Little thought is given to the fact that service 
can become a very expensive luxury. With the widening of the 
distance between the city and the sources of its fruit and vegetable 
supplies there has arisen the necessity for special agencies to meet 
the changed conditions. ; 

The fact should be recognized that present distributive machinery, 
with all its strong points and its weaknesses, has been created of 
necessity, and it has weathered the storm of much adverse criticism, 
because every part of the country is now enjoying the perishable 
products of the most remote districts. Any readjustment of present 
market practices must be based upon the fact that some agency must 
continue to perform the functions of the present-day middleman. 
Handling goods through a large market is a very complex process. 

The problems involved differ greatly from those of production. 
Usually one man or one firm can not handle both production and 
distribution and succeed at both. The vast volume of business 
transacted at large market centers makes necessary some special 
agencies which can devote all their energies to distribution. 
Yspecially does the machinery for efficient marketing become neces- 
sary when perishable goods are to be handled. Commodities of this 
sort must be moved rapidly, must be distributed evenly, and from 
their very nature permit of no weakness in distributive machinery, 
if they are to be sold at a profit. 

METHODS OF RECEIVING. 

As soon as a shipper staris a car of perishables toward the market, 

he should notify the consignee. This ene important detail is often 
omitted or neglected by shippers. Little thought is given to the fact 
that the consignee, especially if a large firm, may have many other 
shipments en route or on hand. The viewpoint of the small shipper 
whose annual output may be from 1 to 10 carloads is narrowed. The 
one or two cars which he may be rolling toward market are very im- 

portant to him, and he usually loses sight of the fact that his prop- 
erty on arrival at the market will be only a very insignificant portion 
of the total receipts. The firm to which the shipment is made may 

have more carloads on track and for sale in one day than the shipper 

would forward in five years. 
Keeping records of all these shipments is a great burden on large, 

wholesale, distributing concerns, and lack of proper notification often 

causes much needless confusion and costly delay at distributing cen- 
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ters. A grower who will have one or more cars of produce to market 
should get in touch with the concern to which he expects to ship his 
goods some time before they are ready to move. Thus he may secure 
some valuable suggestions as to packing, loading, or routing the ship- 
ment, and these preliminary negotiations will pave the way to a 
better understanding of terms and the means whereby the produce 
may be handled rapidly and efficiently. In cases where it is advisable 
to divert cars in transit cr where special preparations must be made 
to receive and distribute goods immediately, notification of consignee 
by prepaid telegram should be coincident with shipment. Also, when — 
there is any doubt about a letter reaching the consignee before the 
car arrives it is important that the wire be used. Telegraphic noti- 
fications must make plain just what the shipper has in mind. For 
instance, a shipper in Florida may consign a car to a commission 
merchant in Kansas City, and telegraph to him as follows: 

Am to-day consigning to you car FGH 16488 containing 330 boxes Bright and 

Fancy Bright grapefruit; 30 boxes 36’s, 100 boxes 46’s, balance 54’s. Routed 

yia Atlantic Coast Line, Louisville & Nashville, Missouri Pacific. Handle for 

my account. Letter and bill of lading follow. 

The letter which follows should embody the following details: 
Name of commodity, date of shipment, whether shipped by freight 
or express, route, car number and initial, number of packages, size 
and type of pa ckages, variety, and grade. 

In case the car is billed to a broker or sales agency the instruc- 
tions, whether by telegram or letter, should read, “Sale subject to 
confirmation by shipper,” as in this way the shipper has the final 
word as to the disposition of his property. 

Inexperienced shippers may overlook the fact that all railway cars 
are designated by number and initials painted on the outside of the 
car. Thus a refrigerator car owned by the Great Northern Railroad 
Co., No. 51023, would be known as GN 51023. Car 16438, operated 
by the Fruit Growers’ Express, i is designated as FGE 16438. 

Shortly before the goods reach their destination or immediately 
after arrival the consignee is notified by the railroad. When highly 
perishable goods, such as strawberries, are moving, some railroads 
recelve passing reports of cars en route and notify the consignee 
by telephone several hours before the car arrives, thus giving him 
opportunity to issue any special instructions or to make arrangements 
for prompt handling and distribution of the contents on the arrival 
of the car. In handling fruits and vegetables not so perishable, the 
railroad, as a rule, notifies the consignee after the car has arrived 
and confirms this telephone notification by a mailed card, giving car 
number, initials, and contents. 
When no special instructions are given by the consignee many rail- 

roads place the cars on their team track soon after arrival in order 
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that inspection and unloading may be accomplished immediately. 
When firms have private sidings running into their places of busi- 
ness, it is usual for all cars shipped direct to them to be placed on 

these sidings without special instructions. Prompt notification by 
railroads enables the consignees to divert cars to auction sidings 
without loss of time when it is expected that the contents will be 
handled through an auction. 

INSPECTION. 

Soon after arrival it is necessary that an inspection be made. The 
inspector may be the consignee or his representative. In case the 
car has been shipped to a broker or a commission man, preliminary 
inspection is often made by a prospective buyer. If the shipment 
was made under a “straight” bill of lading, it is necessary that the 
inspector have a written order issued by the consignee in a form 
similar to the following: i 

AGENT, MissourI PAciFIc RAILROAD COMPANY, 

Kansas City, Missouri. 

Dear Sir: Please permit bearer, John Jones, to inspect the contents of car 

GN 51023 now on track, consigned to me. 

(Signed ) J. J. Dor. 

Whenever a shipment is billed “Order notify” or “ Shipper’s 
order,” the bill of lading should be indorsed thus: “‘ Permit inspec- 
tion without surrender of bill of lading.” This will remove the 
necessity for issuing inspection orders. As a matter of fact, all bills 
of lading whether “straight” or “order” should read, “ Permit 
inspection,” in order to avoid possible complications at destination. 

Usually the right of inspection by the purchaser is assured in the 
case of perishable goods, as it would be very unbusinesslike to pur- 
chase or accept a carload of perishables without a careful inspection. 

In all cases where the shipper has no market representative he 
should arrange to have inspection made by disinterested inspectors 

in case the shipment is rejected. 

REJECTIONS. 

There are a surprising number of rejections on large markets 

where great quantities of perishable goods are handled. Few ship- 
pers have any idea how large this number is. The facts for one prod- 
uct in one market may illustrate this point. 

From the beginning of the shipping season to July 28, 1914, 3 
of the 15 railroads touching Kansas City, Mo., brought to that 
market 227 cars of watermelons, Of this number 47 were rejected 
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outright and a number of the remainder were reconsigned and subse- 
quently refused at other points. This example does not, of course, 
indicate normal conditions on this market, nor is this particular dis- 

tribution center more prone to reject produce than are other similar 
markets. No exact data as to the causes for these rejections are avail- 
able and unfortunate conditions may have justified the refusal of any 
or all of these melons. As a matter of fact, carelessness in grading, 
packing, and loading are largely responsible for the high percentage 
of rejections which occurs in the handling of fruits and vegetables. 
Perishable goods, from their very nature, may be said to invite rejec- 
tions, and the figures here given are probably indicative of conditions 
in other distribution centers during periods of market depression. 

JUST CAUSES FOR REJECTION. 

Satisfactory compromises can be made only where both the shipper 
and the buyer are broad minded and willing to make reasonable con- 
cessions. A very common source of misunderstanding is shrinkage. 
A shipper who sends fruits or vegetables several hundred miles to 
market can not understand why his shipment should weigh so much 
less on arrival than it did at the point of origin. Thus the invoice 
weight of a car of bulk apples shipped from southwest Missouri on 
October 16, 1914, was 22,427 pounds. These apples arrived at market 
on October 23, and were reweighed, barreled, and sold: The weight of 
the apples at destination was 17,971 pounds, indicating a loss of 4,456 
pounds, or 19 per cent, due to shrinkage in transit and to the dis- 
carding of a small quantity of culls and spoiled fruit. Very few 
shippers could be made to believe that a legitimate loss as great as 

this could occur even though the shipment was graded and loaded 
carelessly. 
An all too common source of trouble between shippers and con- 

signees is nonfulfillment of contract by the shipper. This may fur- 
nish just ground for a rejection. Thus, a shipment may be due to 
leave the point of origin on a certain day, but the actual movement 
may be postponed by the shipper for several days. A break in the 
market in the meantime, if the purchaser gives prompt notice to the 
shipper, will justify him in refusing the shipment when it finally 
arrives. Again, goods are often not up to the grade specified in the 
contract. or instance, a grower agrees to ship a carload of fancy, 
barreled apples. When the car arrives, the purchaser discovers that 
from 25 to 50 per cent of the shipment is below the standard specified 
and he very justly refuses the entire shipment or demands a consider- 
able allowance. Often with the best management there remain possi- 
bilities for great losses, so that both producers and distributors should 
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take into consideration the character of the product which is being 
moved, live up to all agreements, and accept any losses which justly 
fall to either. 

UNJUST REJECTIONS. 

A break in the market price may be another cause for rejection 
-and one which can not be justified. A dealer may buy a carload of 
a certain commodity and certain grade and agree to pay a specified 
price. Before the car arrives the market price may drop materially. 
To accept the produce at the contract price may entail considerable 
loss. Hence, when the car arrives it is given a very rigid inspection, 
and it is seldom difficult to discover a number of defects in perish- 
able produce when the inspector is devoting close attention to the 
effort. Thus a drop in market price may convert a car of extra fancy 
apples into “ C-grade” stuff in the opinion of the buyer who sees a 
loss confronting him. 

This practice of rejecting on a declining market is being dis- 
approved more and more by reliable concerns. It injures the busi- 
ness standing of the buyer. One of the worst things that can be 
said about a produce dealer is that he is a ready rejector. Refusal 
on a declining market is unfair to everyone concerned. In the case 
of the buyer, the reputation of a firm may be seriously injured by this 
practice. In addition, if the buyer is able to effect a compromise with 
the shipper whereby he is able to secure the produce for a greatly 
reduced price, he can afford to throw the produce on the market at a 
price which will depress it still further. 

All firms which propose to remain in business are anxious to build 

up reputations for integrity. All prominent firms have established 
reputations to maintain and transactions with them are usually safe. 
Many firms operating on a smaller scale have gilt-edged reputations 
where they are known and are ambitious to expand their business by 
giving the best service possible. 

Most of the abuses with which the distributing trade in general is 
charged are traceable directly to the operations of irresponsible deal- 
ers, with little financial backing, who do not remain very long in 
business in any one murket. Unjustified rejection is coming to be 
confined more and more to comparatively unimportant marketing 

concerns, 

REDRESS FOR REJECTIONS. 

In case a car is rejected the shipper may sell elsewhere, or may 

make an allowance on the price to the original purchaser in order 
to close the transaction. A claim may be entered against the rail- 
road in ease the company was at fault in any way. Usually dealers 
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wili accept a car and sell it for what it will bring, and then enter 
a claim against the railroad through their traffic department in 
favor of the shipper. When this is done the shipment is accepted 
from the railroad “under protest,” which means that the consignee 
reserves the right to enter a claim later. Thus, if a car of boxed 
apples, for instance, should arrive at destination in bad condition, 
the consignee might give written notice to the railroad of condi- 
tional acceptance in some such form as follows: 

CuHIcaGco, ILLt., September 20, 1914. 

Mr. J. J. Doe, 

Local Freight Agent, X. Y. é Z. R. R. Co., Chicago, Ill. 

DEAR SiR: On September 20, 1914, you notified us of the arrival of car FGH 

29853, containing apples. This is to inform you that the contents of this car 

did not arrive in good order, and we hereby notify you that the receipt of same 

and payment of freight is made under protest, and claim will be entered for 

the following reason: 

Entire car is badly shifted, causing a number of boxes to be broken and 

contents spilled on floor. Exact amount of damage can not be determined 

until car is unloaded. 

(Signed) oS ee 
Consignee. 

There are several essentials to be observed in filing claims. A writ- 
ten notice of the intended claim should be filed with the railroad at 
once, so as to permit the company to make immediate inspection in 
order to protect itself. As soon as the exact loss is ascertained by the 
consignee, claims should be filed in accordance with printed railroad 
instructions and should offer complete details, backed in every case 
by affidavits. It is very important that the original bill of lading 
be in the possession of the party who files the claim, otherwise there 
may be great difficulty in collecting. 

One advantage of handling business through a cooperative organi- 
zation or other large company is the ease and rapidity with which 
these concerns can collect just railroad claims. The large associations 
are in a position to employ trained traffic managers, who, by care- 
fully submitting only those claims which are clearly justified and by 
backing up those claims with affidavits and’ evidence, are able to 
make prompt and full collections. 

TERMINAL DISTRIBUTION AND SALES METHODS. 

A panoramic view of the activities at one of the large distribution 
centers of the country would probably reveal some astonishing facts 
to the layman. When sales are being made on one of our large 
markets, the mingling of various types of middlemen and the activi- 
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ties being carried on cause the market to present an appearance 
peculiar to the produce trade. A great amount is moved by the 
wholesale trade in the very early morning. At this time, before most 
of the activities in the city have started, produce distributors find 
their busiest period. Trucks of fruit and vegetables from freshly 
“broken” cars are being unloaded on the walk before each business 
house; ranks of crates, boxes, and baskets nearly block all passage- 
ways; and more or less elaborate displays of the day’s offerings are 
being arranged to attract passing buyers. Jobbers, grocers, huck- 
sters, and fruitstand vendors elbow their way through narrow pas- 
sageways between the tiers of produce, stopping every few feet to 
inspect goods and ask prices. Street salesmen for each produce firm 
endeavor to withstand the assault of the throng and each attempts 
to devote attention to three or four buyers at once. Prices are 
quoted and violent arguments take place as to quality, pack, and 
price. After much-wrangling and discussion of price and terms, 
sales are finally made. 

Figure 1 shows South Water Street, Chicago, at 8.30 a. m., which 
is after the rush hours. There is not sufficient light to secure a 
good picture when the congestion is greatest. 
Where a few years ago goods coming to market passed, as a rule, 

by definite, direct channels to the consumer, to-day the same goods 

may take any one of a great number of channels, whose directness 
may or may not be in proportion to the size, type, or quality of the 

shipment. Large distributing organizations and firms have grown 
and spread their business activities over much wider fields, but each 
has worked along its own lines, and each by itself to a certain 
extent; hence the present lack of uniform practices and systems. In 
other words, there is no continuous articulation between the different 

phases of distribution. This does not mean that members of the 
trade have no common interests. As a matter of fact, their business 

success depends to a large extent on their ability to secure when 
needed the help and cooperation of certain of their associates. 
This community of interests, however, does not obtain among’ all 
those engaged in distribution. Distributors are often working at 
cross-purposes, so that general economy and efficiency are lost in 

the conflict of interests. 
In this discussion rather arbitrary lines are laid down as bound- 

aries for the activities of various types of middlemen, yet in actual 

practice these activities so overlap and encroach upon each other 
that resulting market practices are exceedingly complicated. 

Goods do not pass in regular order through definite channels, but 
are sold by any available means. While for purposes of clearness the 
distinction between the various types of distributing agencies has 

96017°—Bull, 267—15——2 
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been very closely drawn in this bulletin, this distinction is not so- 
apparent in actual practice. One man or one firm may combine the 
functions of several middlemen. Many distributors act simulta- 

Fie. 1.—South Water Street, Chicago, at 8.50 a. m. 

neously as car-lot wholesalers, commission men, and jobbers. As a 
matter of fact, few firms confine their activities to one line of busi- 

ness. Thus, of the goods sold by a firm on one day, part may have’ 
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been purchased outright in car lots, part purchased in small lots from 
other receivers, and part consigned on commission. While one firm 

may act in the triple capacity of car-lot wholesaler, commission man, 
and jobber, the three lines of business thus carried on at the same 
time are very distinct and for purposes of discussion may be consid- 
ered as being performed by three separate firms. In every large 
market there are concerns which confine themselves to one of these 

lines, but by far the greater number of produce distributors do busi- 
ness in several lines. 

CAUSES OF COMPLICATED METHODS. 

Various factors have contributed to the development of manifold 

methods of marketing. The use of refrigerator cars for shipping 

perishables from distant producing sections and the attendant growth 
of business in handling goods out of season have had a tremendous 
effect. With the radius of the zone of supplies thus lengthened, mar- 
keting activities have increased to keep pace with the movement, and 
with increased activity have come increases in complexity and in 
costs. 

When consideration is given to the vast territory which supplies 
any one of our large cities with its fruits and vegetables, the wonder 
is that distributive machinery is not more hampered and labored in 
its action. Thus, on one day in the fall of 1914 Kansas City was 
receiving peaches from Utah, Idaho, and Washington; grapes from 
California and Michigan; cantaloupes from Colorado, New Mexico, 
Arkansas, and Missouri; pears from California and Colorado; sweet 

potatoes from Virginia and Georgia; and apples from Colorado, 
Washington, New Mexico, New York, Arkansas, and Missouri. With 
daily supplies coming from all sections of the country and with the 
necessity for adjusting machinery to care for varying quantities, it 
is not to be expected that the flow of produce through market chan- 

nels will be smooth and uninterrupted, nor that prices will be stable 
and uniformly satisfactory. 

SALES BY BROKERS. 

In spite of general complexity, however, explanations of the sales 
methods of some of the principal, independent, distributing agencies 
may prove useful. Thus, there is the broker who handles car lots 
only, as a rule, and who draws his business from cooperative asso- 

ciations, country speculators, large operators, private exchanges, and 

in some cases private shippers. According to strict interpretation, 
the term “broker” can be applied only to those middlemen who act 

as intermediaries between the principals in contemplated transac- 
tions and have nothing further to do with the contract itself. The 

broker normally does not have possession of the articles he deals in, 
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but must carry on all business in the name of his principal. Com- 
modities handled by brokers, as a rule, are sold to car-lot whole- 

salers or jobbers. 

At the beginning of each business day the broker looks over his 

business, ascertains conditions on other markets, and takes note of 
the number of cars he has on hand, number en route, etc. With all 

this well in mind, he is ready to approach the wholesale trade. His 
next step is to make a careful canvass of the wholesale district, visit- 
ing or calling up by telephone all those who may be interested in 
what he has to offer. When a possible customer is found, the next 
step, in case the car or cars have arrived, is to allow the prospective 
buyer to inspect the contents. After inspection, satisfactory terms 
are arranged and then before the sale can be consummated it is nec- 
essary that the shipper confirm the broker’s action. Assuming that 
the broker is selling a car of apples, Ganos and Grimes for instance, 
he may telegraph the shipper as follows: 

Jones offers on car MC sixteen eight fifty-four, two fifty Ganos, two seventy- 

five Grimes, delivered. 

In case this offer is satisfactory, the shipper’s reply may read: 

Confirm car MC sixteen eight fifty-four Jones, two fifty Ganos, two seventy- 

five Grimes, delivered. i 

Or in case the price is unsatisfactory, the shipper night refuse as 
follows: 

- Jones too low; car MC sixteen eight fifty-four; must have three Grimes. 

Collection is often made through a bank located at destination. 

The shipper sends the bill of lading with draft attached to a bank, at 
the time the car is shipped, and after inspection the purchaser pays 
the draft and secures the bill of lading. Some large shipping organi- 
zations whose responsibility is well known to railroad officials often 
temporarily retain possession of the original bill of lading and effect 
delivery by a signed delivery order somewhat as follows: 

KANSAS Crry, Mo., September 21, 191}. 

AGENT, MiIssouRI PACIFIC RAILROAD Co. 

DEAR Sir: Please deliver on this order without bill of lading car of apples 

Cc. B. & Q. 36066 to John Jones, Kansas City. We pay all charges. 

The bill of lading is retained temporarily in this case, as evidence 
of former ownership, or for use in case a dispute should arise later 

or claim be entered. It is absolutely necessary to insert the clause 
“We pay all charges,” as in many cases railroads will refuse such de- 
livery unless it is understood definitely which party pays the freight. 

BROKER’S SETTLEMENTS. 

1 transactions and col- 
i a lection is made when delivery is offered. All cartage expenses in get- 

Sales by brokers are, as a rule, strictly cas 
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ting the goods from the car to the dealers’ place of business are 
paid by the buyer. In case the broker did not make a direct sale, but 
‘handled t he goods through auction, his activities would be confined 
to seeing that the goods arrived at the auction and attending the sale 

to withdraw the shipment if prices were unsatisfactory. 

BROKER’S EXPENSES. 

The broker perhaps handles more business at less cost to himself 

than any other type of middleman. He has no considerable amount 

of capital in his business and a large part of his expenses is prac- 
tically fixed. His ee items of expense are usually rent, clerical 
help, and telegraph charges. The latter, of course, varies ith the 
amount of business handled. As a rule, most of the broker’s business 

is composed of association accounts and accounts of large private 
shippers, and a very small portion is drawn from small shippers. 
The broker acts as the exclusive agent on his market for each con- 

cern that he represents, and since he handles car lots only and moves 
large quantities in relatively short periods of time he is enabled to 
render important services at a very low cost to the shipper. 

BROKER’S ABUSES. 

Brokers are often charged with misuse of their privileges in that 
they may sometimes speculate on goods passing through their hands. 
For instance, a broker may make returns out of his own funds for a 
supposed sale, but hold the produce for a rising market before actual 
sale is made. If the expected advance occurs, he pockets the increase 
in price. This practice would prevent a shipper from getting just 
returns and his goods would not be on an actively competitive basis 
with other market offerings. In other words, such sales would secure 

to the grower or shipper the lowest market price quoted on the day 
returns were made and he would get no benefit from either the ex- 

pected rise in price or the broker’s ability as a salesman. This tend- 
ency toward speculation is ordinarily done away with entirely when 
there is direct dealing between the vendor and vendee, so far as the 
handling of money is concerned. Asa matter of fact, according to a 
strict interpretation of the term, the shipper’s selling agent ceases to 

be a broker when he assumes responsibility for collecting and remit- 
ting, and so the term “ broker” as here used is applied according to 
trade usage and common understanding. Brokers are charged some- 
times with failing truly to represent the shipper. Being always in 
close personal touch with buyers and having no such close relation 
to the shipper, there is sometimes the tendency to favor the buyer 
unduly in order to retain his good will. 



14 BULLETIN 267, U. S. DEPARTMENT OF AGRICULTURE. 

THE BROKER’S PLACE IN DISTRIBUTION. : 

Brokers act as market salesmen for those producers who are unable 
to make direct sales and who have no other market representative. 
They represent shippers at large distribution centers, and by the 

payment of the very small brokerage fee the shipper can be certain 
that his goods will be accepted on arrival. The broker, by making 
prompt disposition of a consignment immediately upon arrival, often 
saves the shipper many times the brokerage fee. Brokers stimulate 

and expand the market to a certain extent by their expert canvassing 
of the trade and any influence that stimulates active buying and 
selling must be regarded favorably. In general, their chief useful- 
ness lies in the fact that their activities on the market tend to main- 
tain a steady flow of business. 

AUCTION SALES. 

Auction companies are organizations (usually incorporated as 
stock companies) which sell fruits at public sale to the highest 
bidder. The auction offers an outlet for a great deal of produce 
that can not find immediate, direct sale. Those who sell through an 
auction may be brokers (representing shippers and associations), 
speculators, operators, car-lot wholesalers, and in rare cases indi- 
vidual shippers. Sales are made largely to jobbers. Before sales 
are started a display is made in the showrooms. Produce to be sold 
is divided into “lines” which consist of from 1 to 100 or more 
packages. Each line is marked with a designating number and 
listed in definite order on the various sheets which make up the 
“catalogue.” Before bidding starts buyers who are interested in the 
day’s offerings make careful inspection of the various lines and make 
notes on the catalogue as to comparative values. By the time of the 
opening of a sale each buyer has a pretty definite idea of the value 
of the various lines in which he is interested. 

Sales start at a definite hour and are conducted much as other auc- 
tion sales are handled. Bids are started at a fairly low figure and the 
final price received is dependent to a large extent on the size of the 
day’s offerings and the activity of the bidding. After other offer- 
ings have been disposed of miscellaneous broken packages are sold. 
As sales are made prices are listed opposite the number of the line 

on the catalogue. A complete catalogue with the prices received for 
the goods listed opposite the lines is known as a “realizer.” Sales 
are supposed to be strictly for cash, and since, as a rule, single lines 
are not of any great size the amounts due in each case are not very 
large. 
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AUCTION CHARGES. 

Auction service charges are from 2 to 15 per cent (usually 3 per 

cent) on gross selling price. Where the selling charge is under 5 

per. cent a “terminal charge” to cover costs of unloading and han- 
dling is sometimes added. This terminal charge is paid by the buy- 
ers and is sumply a means for securing increased revenue, since busi- 

ness reasons make it necessary for certain auctions to handle goods 
on a very low selling charge, and some additional income is needed 

to offset the costs of doing business. Since the auction itself oper- 
ates strictly on a nonspeculative basis its costs are fixed, in a measure, 
and as a rule consist of such charges as rental, interest on invest- 
ment, and employment of help. 

AUCTION ABUSES. 

One weakness of auctions lies in the possibility of manipulating 
the sales so that goods sold on certain days will not move at true 
market prices. In some cases members of the distributing trade in 
certain cities may be interested financially in the local auction. In 
such cases it is possible that the business will be conducted so as 
to favor those who are supporting the auction. Thus, those who are 
interested financially may secure more or less extended credit, while 
all others must deal on a strictly cash basis. This, of course, would 
give an immense advantage to those especially favored and tend to 
create dissatisfaction among the greater number of buyers. 

Another weakness les in the possibility of tampering with sample 
boxes in particular lines. However, in justice to the many reputable 
auctions operating in different parts of the country, it should be said 
that there is little evidence that any of the abuses mentioned affects 
the great volume of business handled daily by them. 

ADVANTAGES OF THE AUCTION. 

Auctions offer quick outlets for fruits which must be kept moving 
in a more or less steady stream from producer to consumer. Large 
quantities of citrus fruits are sold at auction on several of our large 

markets. When this fruit starts toward market there arises the 
necessity for keeping a steady stream flowing to the consuming 

public, and the auction provides one means whereby distributing 
channels are continuously supplied. Auctions offer an outlet for sur- 

plus holdings on well-stocked markets, and, by attracting buyers, 
tend to expand the market to a certain extent. They afford a good 
index of market conditions, and when the auction company sells 
the major part of the supply of certain commodities or is patronized 
by most of the buyers, it tends to be a more or less accurate deter- 
miner of basic wholesale prices. 
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CAR-LOT WHOLESALERS. 

A very important factor in market distribution is the car-lot whole- 
saler. These men purchase fruits and vegetables from cooperative 
associations, country merchants, car-lot assemblers, traveling buyers, 

buying brokers, individual growers, speculators, and city brokers. 
They distribute goods to the jobbing and retail trade or to the coun- 
try trade. Thus it will be seen that their activities cover a wider 
field than do those of almost any other type of distributor. 
A large part of the business done by the car-lot wholesaler is 

‘transacted very early in the day. Most of these early morning side- 
walk sales are for cash, and in a great many cases the buyer does his 
own delivering. Later in the day, beginning about 8 or 9 o'clock 
in the morning, telephone orders come in from grocers all over the 
city for deliveries to be made later in the day. The greater portion 
of this business is for credit, but settlement is usually demanded 
within a period of one or two weeks. Still later in the day shipments 
are made up for distribution to country customers in neighboring 
towns. Thirty to sixty days’ credit is extended to these customers. 
The orders from this country trade may be by telegram, by letter, or 
through private traveling salesmen. As a rule, these sales to the 
country trade are the most uniformly profitable of any to the car-lot 
wholesaler. Prices charged are usually slightly higher than can be 
secured from resident buyers on the market. This, of course, is justi- 
fied, as extra packing and cartage charges are involved. The country 
trade, as a rule, makes little attempt to keep in close touch with 
market prices, but prefers to place orders regularly with selected 
wholesalers or jobbers and depend upon receiving fair treatment. 

In addition to selling to the retail trade, popularly known ‘as 
“retailing,” car-lot wholesalers distribute considerable quantities of 
goods to jobbers. The “ jobbing price,” it should be noted, is usually 
less than prices charged the retail trade for the same articles. This 
lower jobbing price is, of course, to protect the jobber and insure 
him at least a small margin or profit when he, in turn, sells to the 
retailer. 

SALES OUT OF STORAGE AND CLEAN-UP SALES. 

Many car-lot wholesalers buy when prices are cheap and put the 

produce in storage, distributing later when prices admit of a fair 
profit. This involves a certain element of risk, as a market may not 
take on a better tone in time for the wholesaler to move his stored 
goods to advantage. Some of the heaviest losses in the wholesale 
trade are the direct result of dealing in stored goods. 

After a heavy day’s sale there is usually a considerable amount 
of miscellaneous produce left on hand. At this point hucksters and 
peddlers purchase the odds and ends that are unsold and clear the 



WHOLESALE DISTRIBUTION OF FRUITS AND VEGETABLES, ae 

market for the next day’s offerings. These sales are to be com- 
mended, as considerable quantities of low-grade stuff are thus placed 
within the reach of the consumer at reasonable rates, and the practice 
serves to rid the market of a surplus of low-grade produce. 

COSTS AND PROFITS. 

Profits to the car-lot wholesaler vary greatly. Since he deals 
very largely in perishables in large quantities and on his own ac- 
count, his aim is to make as much profit as possible on each sale. 
He has better chances to make wide margins than has the jobber, 
because in many instances he deals directly with the farmer, who is 
an inexperienced seller and unfamiliar with market methods. How- 

ever, the car-lot wholesaler buys in large quantities for future sale 
and thus takes greater risks than the jobber, who buys in smail 
quantities from day to day, moves goods rapidly, and in cases of 
sharp market declines is able to close out very quickly. 

Average net profits at this step in distribution are usually less 
than is popularly supposed. For instance, during the fall of 1914 
apples were handled in Chicago and Kansas City on a gross margin 
of 25 cents a barrel, oranges at 10 and 15 cents a box, and lemons at 
25 cents a box. The margin of profit varies greatly on individual 
sales and ranges from less than nothing to 50 per cent. Business 
competition is usually very keen and prevents any long-continued, 
excessive margin or profit. The car-lot wholesaler’s business is sub- 
ject to all overhead fixed charges, such as interest on investment, 
labor, and rentals, and in addition he is subject to the costs of much 
extra service, such as resorting, repacking, and the making of special 
deliveries. Considering his costs of doing business and the services 
which he renders, the car-lot wholesaler probably operates on as 
small a margin of profit as any middleman concerned in food 
distribution. 

FUNCTIONS PERFORMED BY CAR-LOT WHOLESALERS. 

These men perform the absolutely essential functions of acting as 
primary distributors of produce arriving at market in car lots. Any 
reforms which may be accomplished in distributive methods must 
take into consideration the fact that some definite agency must under- 

take the work of breaking car lots and starting distribution at market 
centers. Hence, the car-lot wholesaler is undoubtedly a highly im- 
portant element in present-day distributing machinery. 

SALES THROUGH COMMISSION MERCHANTS. 

The commission merchant is a professional agent whose business 
is the selling of goods on commission. Te has possession of the 
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commodities, and all transactions are in his own name. He may dic- » 
tate terms and methods of sale, but must obey instructions if given, 
and he is responsible to the shipper only for a proper accounting in 
the final terms. 

Commission men solicit shipments from growers, car-lot assem- 
blers, and cooperative associations. It should be stated, however, 
that cooperative associations do not favor the promiscuous consign- 
ment of their products and seek to eliminate this method as far 

as possible. Consigning is a very common means for disposing of 
less than car-lot shipments and offers practically the only means for 
disposing of poor, unstandardized products which could find no 
direct sale to the wholesale trade. Commission merchants handle 
goods for 5 to 10 per cent of the gross selling price. In many cases, 
however, the dealer, by sharp practices, increases his margin to 15 
per cent or over. As sales are made he presumably keeps a careful 
record of each man’s transactions, but may or may not give the con- 
signor this detailed information as to the distribution of the ship- 
ment. As soon as the shipment is “closed out” the commission man 
deducts freight and other expenses and. his charges and remits the 
balance to the shipper, together with an “account sales.” Costs of 
doing business are much the same as for the car-lot receiver. 

ABUSES BY COMMISSION MERCHANTS. 

One charge made against dealers of this type is that they some- 
times remit more than the market price to a new shipper in order to _ 
get future business. As this does not give the shipper a fair idea of 
the market and does give him a false impression of the dealer’s abil- 
ity as a salesman, it is a practice which should be regarded with 
great disfavor by all interests in the market. Another malpractice 
sometimes attributed to commission merchants is selling for more 
than the market price and remitting to the shipper on the basis of the 
market price. Many have regarded this practice as legitimate, be- 
cause the increased selling price is not due to the superior quality of 
the goods sold but to the dealer’s excellent salesmanship. These 
practices certainly are not common to most commission men and are 
not universal, as is generally supposed. Much that the shipper con- 
siders dishonest can be explained, his suspicions being due to mis- 
understanding, or the trouble may be traceable to the shipper himself. 

The commission merchant occupies a rather difficult position with 
respect to his dealings with shippers and shipping associations. The 
handling of large quantities of fruits and vegetables involves a 
greater opportunity for mutual misunderstanding than almost any 
other line of business. The very facts that the commission merchant 
assumes complete charge of goods intrusted to him, that distribution 
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is effected according to the commission man’s own ideas, and that the 

shipper’s returns are in direct proportion to the dealer’s honesty and 
ability, all tend to encourage a suspicious attitude on the part of the 
producer. It is not because commission men as a class have proven 
to be dishonest, but the very fact that the commission man has great 
opportunities for dishonesty, if he chooses to avail himself of them, 
has caused shippers to condemn a ee any practices which 
did not appear to be perfectly plain. 
A shipper is seldom able to inspect his own output with an un- 

prejudiced eye. The car which he is shipping usually appears better 
to him than does his neighbor’s offermg. The buyers with whom the 
commission merchant must deal, however, have no such biased view- 

point. The shipper’s goods are compared critically with competing 
offerings from many sections and quality and pack are the sole de- 
ciding factors which determine relative values. Often, therefore, 

the shipper who considers his goods on a par with the best market 
offerings is disappointed when returns are below the figures listed 
on current wholesale quotations. The dealer, who may have exerted 
every effort on behalf of his shipper, is then accused of dishonesty 
in that returns were not up to expectations. 

Often, too, perishables which leave the point of origin in first- 
class shape arrive at destination in a greatly deteriorated condition, 
must be repacked or regraded by the commission men, and finally 
sold at a considerable loss to the shipper. The grower, who last saw 
his produce in first-class marketable condition, does not understand 
or appreciate the conditions which were responsible for this loss. 

In general, it may be said that a large part of the stigma which 
attaches to the business of the commission merchant arises directly 
from the difficult position which this middleman occupies in dis- 
tributive machinery. 

PLACE OF THE COMMISSION MERCHANT IN DISTRIBUTION. 

Commission houses offer almost the only good outlet for unstand- 

ardized goods which can not be sold direct to the wholesale trade. 
Acting as primary receivers of less than car-lot shipments, they serve 
as a medium through which to market all goods which can not be 
sold direct to car-lot wholesalers, and, when honest and efficient, they 

offer to inexperienced shippers the valuable services of trained mar- 
ket experts in disposing of their produce. 

JOBBERS’ SALES. 

Next in importance to car-lot wholesalers on large markets is the 
jobbing trade. Jobbers are middlemen at distributing“centers who 
usually buy in less-car-lot quantities from car-lot wholesalers or 
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commission men and in turn sell to the retail trade; in other words, 
they are intermediaries between primary receivers and retailers. 
The term as here used must be distinguished from the term 
“Jobber” as used in connection with wholesale distribution for 
manufacturing concerns, where the jobber distributes the total out- 
put of several factories direct to large wholesale houses. 

Jobbers in fruits and vegetables get their supplies from com- 
mission merchants, car-lot wholesalers, auctions, and public markets, 
and in turn sell to the retailer or to other jobbers. The chief outlet 
for the jobber, however, is the retailer. Methods of sale by jobbers 
and car-lot wholesalers are practically identical. The jobber, acting 
as the intermediary between the car-lot wholesaler and the retailer, 
buys in less than car lots, as a rule, makes quick sales, operates on a 
relatively small margin, and secures his profits by rapidly turning 
over his capital. 

In general, the jobber is subject to much the same charges and 
costs of doing business as the car-lot wholesaler. Often, however, 
these costs are relatively less in proportion to the quantity of produce 
handled. The jobber usually has a smaller initial investment than 
the car-lot wholesaler, hence his general expenses may not run quite 
so high. 

THE JOBBER’S PLACE IN DISTRIBUTION. 

The jobber’s chief usefulness at the present time is in facilitating 
the rapid distribution of extremely perishable products. A car of 

strawberries, for instance, will usually be disposed of much more 

rapidly when handled by several jobbers than would be the case if 

a single car-lot wholesaler attempted to complete the distribution to 

the retail trade. With the growth of standardization, better grad- 
ing and packing, together with greater efficiency in the business of 
car-lot receivers, it is possible that many of the present functions of 

the jobber may be assumed by the car-lot wholesaler. This applies 

to our smaller markets especially. On the great terminal markets, 
however, the jobbers must remain important factors for some time 
to come. In these cities they sell to the vast number of those retailers 
who buy in small quantities and who can not take time or trouble 

to go to primary markets and select their goods. 

If the entire retail trade were to attempt to get in direct touch with 
car-lot wholesalers on our large markets, the congestion of business 
would be so great as to block most seriously the economical move- 

ment of perishable food products. 

PUBLIC MARKETS. 

Public markets draw a considerable portion of their supplies 

from producers in neighboring districts. They are patronized by 
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jobbers, retailers, and consumers and enable some produce to pass 
directly from the grower to the consumer. As a rule they are not 
highly important factors in the distribution of perishables arriving 
in car lots from distant production areas. During late years more 

and more attention has been directed toward extending the useful- 
ness of this form of distribution. 

DISTRIBUTION CHANNELS. 

The foregoing discussions indicate in a general way the great com- 
plexity which attends the distribution of food products. The im- 
pression may have been left, however, that all perishables pass 
through each of the steps in distribution which have been noted. 
This is not the case, as various factors decide what channels each 
shipment is to take. A complete discussion of the various means 
by which produce is collected, concentrated at market centers, and 
finally distributed to consumers is impracticable in a publication of 
this kind. Perhaps the subject can be made more clear by graphic 
representation of the more common steps in distribution. 

In figure 2 the interlocking circles are intended to show the inti- 
mate relationship existing between certain of the agencies interested 
in distribution. Thus the grower may operate individually or he 
may combine with his neighbors and all do business collectively or 
through a cooperative organization. On the other hand, one firm 
often performs the functions of the car-lot wholesaler, the commis- 
sion merchant, and the jobber, and the business details overlap in 
such a way that it is difficult to dissociate the three lines of business. 
In a single diagram of this kind it is impossible to indicate all the 
possibilities. Attention has been confined, therefore, to primary dis- 
tributing channels. 

An attempt has been made to emphasize the routes through which 
the great bulk of traffic passes. Perishables do not and can not 
pass through the hands of all the distributing agencies which are 
indicated. As a matter of fact, usually only a few agencies are 
instrumental in handling the contents of any given car. The con- 

tents of two cars coming to a large market on the same day may pass 
into consumption through very different channels. Thus one car 

may be consigned to a commission merchant, who divides the car 
among a large number of jobbers and retailers, while the other car 

may be purchased by a buyer for a car-lot wholesaler. who sells to 
the jobbing and retail trade. In either case the retailer is the inter- 
mediary with whom the consumer comes in contact. 

1 for a discussion of the place and needs of city markets, see ‘ Retail Public Markets,” 

by G. V. Branch, Yearbook U. 8. Dept. of Agriculture, 1914, pp. 167-184. (Y. B. Sepa- 

rate 636.) 
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There are usually very definite reasons why goods coming to 
market pass on to consumption through such diverse channels. 

Among those factors which decide along what course and through 
what hands perishables shall pass in going from producer to con- 
sumer are: (1) The condition or tone of the market; (2) grade. 
pack, and quality of the shipment; (3) district in which the ship- 

Buia 
Market 

Vie. 2.—Main channels of distribution for fruits and vegetables. 

ment originates; and (4) the shipper’s knowledge of market con- 

ditions. 

As a rule, certain types of distributors handle most of the produce 
coming to market. One principal line of distribution is from grower 
to car-lot wholesaler, to jobber, to retailer, to consumer. Goods 
consigned on commission may pass from grower to commission man, 
to retailer, to consumer. The car-lot wholesaler, commission mer- 

chant, jobber, and retailer are highly important market factors, 
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and collectively handle the great bulk of all perishable food products 
coming into the city. The diagram (fig. 2) is not intended as 
either a justification or a condemnation of present market practices 
but rather to portray distributing machinery, its importance, and the 
relation of its several parts in the present scheme of marketing. 

LOSSES AND WASTES. 

Losses and wastes due to deterioration of goods are heavier than is 
usually believed, and especially is this true in the case of perishables. 
On such commodities as strawberries, peaches, and grapes the losses 
sometimes amount to 30 or 40 per cent of the whole. Out of one car 
of bulk Ben Davis apples from the Ozarks which went to a large 

neighboring market 19 per cent was lost before the fruit reached 
the hands of the retail trade. Losses due to spoiling may be the 
result of the shipper’s sending overripe or diseased fruit, or failing 
to give proper attention to packing, to loading, or to bracing the 
packages in the car. Sometimes the railroad is at fault. Delay in 
transit, improper ventilation or refrigeration, or unnecessarily rough 
handling of cars may contribute to rapid deterioration of the ship- 
ment on arrival. 

The lack of proper refrigeration facilities at distributing centers 

is a cause of much loss. When produce moves slowly, there is often 
much spoilage before complete sales can be made. Rough handling 
during unloading or carting is another important cause of loss. As 
a matter of fact, the opportunities for losses due to the spoiling of 
commodities are so manifold that it is impossible to enter into a com- 
plete discussion of them. 

In any discussion of losses and wastes it is always well to bear in 
mind the really serious side of this question. The spoiling of a dozen 
cantaloupes, a basket of grapes, or 2 crate of strawberries represents 

an absolute loss to the community. No benefit accrues to producer, 
distributor, or consumer from such a condition. The loss occurring 
at this point must be borne both by producer and consumer, and in a 
great many cases the distributor must bear his part of the burden. 
In many cases losses and wastes are entirely too heavy a tax on food 

distribution. It is probably safe to say that the elimination of un- 
necessary wastes would do as much toward effecting permanent, sub- 

stantial economies in marketing and distributing as any readjustment 

of present marketing methods could do, The fact that a large per- 
centage of these losses can be avoided by proper grading, packing, and 
shipping, together with prompt, efficient handling while the goods 
are in process of distribution, makes it imperative that this subject 

be given special consideration by those interested in the efficient 

marketing of farm crops. 
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CONCLUSION. 

The car-lot movement of fruits and vegetables from distant pro- 
duction areas to large distribution centers has assumed its present 
importance during the last 20 years. This means that our pres- 
ent marketing methods are of comparatively recent origin. Many 
believe that the solution of present marketing problems would be 
reached by a return to the simple, direct methods which sufficed for 
the preceding generation. It should be borne in mind, however, that 
our present market machinery has been evolved because changing 
conditions of supply have made necessary many changes in the 
methods of handling food preducts. 
A knowledge of the manner in which perishables were handied and 

marketed 40 years ago helps very little toward solving present diffi- 
culties. Any intelligent attempt to better marketing conditions must 
be based on a good working knowledge of present agencies and their 
functions. The nearer that both producer and consumer can come 
to an understanding and appreciation of the work devolving upon 
the distributor, the nearer will we approach a solution of many of 

the problems incident to the movement of fruits and vegetables. 
A better knowledge of present methods of marketing would assist 

greatly in clearing away many problems, even though no changes in 
the present scheme of distribution were made. The shipper who has 
a more or less definite knowledge of the course his goods will take 
when they reach a big market has a great advantage over the man 
who has no idea of methods of distribution. He can safeguard his 
interests by retaining a measure of control over his product after it 
reaches destination. 

Shippers or prospective shippers of fruits and vegetables are ad- 
vised to get in touch with their principal market, learn its likes, 
dislikes, and peculiarities, study the means whereby their goods are 
distributed to consumers, and secure a working knowledge of the 
chief problems incident to the handling of their commodities. 

SUMMARY. 

1. In treating the subject of market distribution of fruits and 
vegetables, an effort has been made to explain certain general prac- 
tices at large distribution centers which receive fruits and vegetables 
in car-lot quantities. 

2. The widening distance between producer and consumer has 
called into existence the middleman of to-day. The fact that the 
middleman has certain useful functions to perform makes it inadvis- 
able to eliminate him without arranging for some other agency to 
assume his duties. 
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3. The shipper who starts a4 car toward market should notify the 

consignee in such detail that prompt disposition of the goods may be 
made after the arrival of the car. This notification is often made by 
telegram and should include all information necessary to insure the 
prompt acceptance and disposal of the shipment. 

4, As perishables should always be inspected promptly on arrival 
at destination, the shipper should give shipping instructions which 
permit inspection without unnecessary delay at destination. 

5. Rejecting shipments of fruits and vegetables is an all too com- 
mon practice on large markets. Often rejection may be justified, 
as when goods have arrived in a greatly deteriorated condition, but 
sometimes the actual cause for rejection is simply a decline in the 
market price. 7 

6. In case a buyer rejects a car the shipper has the option of selling 
elsewhere or making an allowance to the original purchaser in order 
to close the transaction immediately. Claims against railroads should 
be filed in proper form and supported by a presentation of the facts 
in the case. 

7. Perishables after arrival at market pass on to the consumer 

through many channels. Often, however, one firm may combine the 
functions of several middlemen, so that while there are many types 
of distributors it does not follow that goods actually change hands as 
often as a scrutiny of the list of middlemen might seem to indicate. 

8. The fact that large cities secure supplies of fruits and vegetables 
from distant producing areas has been one of the main causes of 
increasingly complex markéting methods. 

9. Brokers act as shippers’ or buyers’ agents. They handle car lots 

only and offer their services at very low rates. While many brokers 
are charged with abusing their privileges, they often save the shipper 
several times the brokerage fee by insuring the acceptance of goods 

at destination. 
10. Fruit auctions sell goods for shippers, dealers, and others who 

have local representatives to withdraw offerings if prices are unsatis- 

factory. They secure their revenue by levying definite assessments 
against each package’ sold, and by attracting buyers and stimulating 
competition often expand the market for particular commodities. 

11. The car-lot wholesalers constitute one of the most important 

factors in our large terminal markets. They handle great quan- 

tities of perishables annually and act as primary distributors of 
produce arriving at market in car-lot quantities. 

12. The commission merchant receives goods on consignment and 
acts as the shipper’s agent in disposing of these products to the job- 
bing and retail trade. While the commission merchant is viewed 

with much suspicion by many shippers, he nevertheless is a very 
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important factor in that he furnishes to shippers the services of a 
skilled specialist in salesmanship. 3 

13. The jobber acts as a secondary distributor, buying from car- 
lot receivers and selling largely to the retail trade. His chief use- 
fulness les in facilitating rapid distribution of highly perishable 
products and in preventing a congestion of business on large whcle- 
sale markets. 

14. Public markets are not important in distributing. fruits and 
vegetables arriving at market in car lots, but do offer direct outlets 
for neighboring producers. 

15. Perishables arriving at market usually take certain definite 

channels in passing on to the consuming public. There are several 
important factors which decide just what course the contents of 
any given car will take in going into consumption. 

16. Losses and wastes are a very heavy tax on food distribution. 
The prevention of much needless waste would reduce present mar- 
keting costs very materially. 

17. One of the most practical steps the shipper can take to better 
his condition is to familiarize himself with business practices and 
to secure a better knowledge of the way his produce is handled on 
the market. 

GLOSSARY OF TRADE TERMS AND EXPRESSIONS AS USED us THIS 
BULLETIN. 

Account sales. The statement which a commission merchant renders to a ship- 

per showing what disposition has been made of the shipper’s goods. 

Allowance. The reduction in price which a shipper makes to a buyer in order 

to induce the buyer to accept a car that he (the buyer) has rejected. 

Auctions. Organizations (usually incorporated as stock companies) which 

sell fruits at public sale to the highest bidder, charging a definite fee for 

this service. 

Auction catalogues. Sheets in which the auction offerings for the day are 

listed. ; . 

Auction lines. The units into which auction offerings are divided before being 

exposed for sale. Each line is composed of packages of one commodity of 

the same size, grade, and type. 

Auction realizer. A statement which shows the prices at which goods were 

sold by the auction. 

Auction terminal charge. A package charge levied on the buyers by some 

auctions. Supposed to cover the expenses of opening sample lines for inspec- 

tion and general expenses of the auction company. 

Bill of lading. A written statement issued by a carrier acknowledging the 
receipt of goods for transportation. A “straight” Dill of lading simply 

authorizes the carrier to deliver the goods to the consignee at destination. 

An “order notify” or “shipper’s order” bill of lading requires that an order 

be issued by the shipper before delivery of the shipment can be made. 

Brokers. Agents who negotiate the purchase or sale of goods. They have no 
financial interest in the goods they handle and their compensation is a 
definite fee. 
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Broken ear. A trade term referring to a car from which a part of the contents 

haye been removed. 

Car-lot assembler. A term commonly applied to country merchants or buyers 

who purchase in small lots and combine into car-lot quantities. 

Car-lot wholesalers. Distributors who buy fruits and vegetables in car-lot 

quantities and sell to the jobbing or retail trade. 

Commission merchant. A dealer on the market who receives shipments on 

consignment and sells to the best advantage, remitting the proceeds to the 

shipper after deducting freight, drayage and other expenses, and a specified 

commission. 

Consignee. <A party to whom goods are consigned or shipped. 

Cooperative associations. Organizations of producers incorporated for the 

purpose of grading, packing, shipping, or selling products grown by members 

of the association. 

Distributors. Individuals, corporations, or associations whose business it is 

to route, distribute, or market agricultural products. 

Draft. A written order from one person to another to pay to the order of the 

drawer or of a third person a stated sum of money. In the marketing of 

perishable products the term “draft” is used most frequently to designate 

that document which is attached to the bill of lading and forwarded through 

the banks for collection. 

Inyoiee. A statement sent to a consignee which gives a list of goods which 

have been shipped to the consignee in question. ; 

Jobbers. Dealers at distributing centers who buy, usually in less than car-lot 

quantities, from car-lot wholesalers or commission merchants and who in 

turn sell to the retail trade. 

Jobbing price. The price at which the jobber buys his goods. 

Middlemen. According to popular usage this term applies to all those who 

share in the profits and losses incident to the handling of goods between the 

producer and consumer. 

Operators. Large wholesale firms which send their buyers or solicitors into 

producing sections and which, through representatives or branch houses In 

several large markets, secure a wide distribution for products which they 

purchase or handle on consignment. 

Priyate exchanges. Distributing organizations incorporated as stock com- 

panies and operated for profit. They distribute car-lot shipments for indl- 

vidual shippers or producers’ organizations, selling through salaried repre- 

sentatives or brokers. 

Protest, acceptance under. Acceptance of a car by the consignee with the 

proviso that he reserves the right to enter claim later against the railroad. 

Retailing. According to strict interpretation this term refers to sales made 

by the retailer. On large terminal markets, however, selling to the retail 

trade is popularly referred to as retailing. 

Vendee. One to whom a sale is made. 

Vendor. One who makes « sale. 
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PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 

Demurrage Information for Farmers. By G. C. White. Pp. 27, 1915. (Depart- 

ment Bulletin 191.) 

A System of Accounting for Cooperative Fruit Associations. By G. A. Nahstoll 

and W. H. Kerr. Pp. 25, 1915. (Department Bulletin 225.) 

Strawberry Supply and Distribution in 1914. By Wells A. Sherman, Houston 

F. Walker, and O. W. Schleussner. Pp. 10, 1915. (Department Bulletin 237.) 

Outlets and Methods of Sale for Shippers of Fruits and Vegetables. By J. W. 

Fisher, J. H. Coliins, and Wells A. Sherman. Pp. 28, 1915. (Department 

Bulletin 266.) 

The Potato as a Truck Crop. By L. C. Corbett. Pp. 24, 1910. (Farmers’ 

Bulletin 407.) 

Storing and Marketing Sweet Potatoes. By H. C. Thompson. Pp. 15, 1913. 

(Farmers’ Bulletin 548.) 

Shipping Eggs by Parcel Post. By Lewis B. Flohr. Pp. 20. (Karmers’ Bul- 

letin 594.) 

Retail Public Markets. By G. V. Branch. Pp. 167-184. (Separate 636 from 

_ Yearbook 1914.) 

Cooperative Marketing and Financing of Marketing Associations. By C. H. 

Bassett, C. W. Moomaw, and W. H. Kerr. Pp. 185-210. (Separate 637 from 

Yearbook, 1914.) 

PUBLICATIONS FOR SALE BY THE SUPERINTENDENT OF 

DOCUMENTS. 

The Cold Storage of Small Fruits. By S. H. Fulton. Pp. 28, pls. 38, 1907. 

(Bulletin 108, Bureau of Plant Industry.) Price, 15 cents. 

Factors Governing the Successful Storage of California Table Grapes. By 

A. V. Stubenrauch. Pp. 31, pls. 8, figs. 5, 1918. (Department Bulletin 35.) 

Price, 10 cents. 

Cooperation in the Handling and Marketing of Fruit. By G. Harold Powell. 

Pp. 391-406. (Separate 546 from Yearbook, 1910.) Price, 5 cents. 

The Precooling of Fruit. By A. V. Stubenrauch. Pp. 487-448. (Separate 550 

from Yearbook, 1910.) Price. 5 cents. 
Systems of Marketing Farm Products, and Demand for such Products at Trade 

Centers. By George K. Holmes. Pp. 391. (Report 98, Office of the Secre- 

tary.) Price; 25 cents! 
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INTRODUCTION. 

This bulletin presents a summary of data obtained relative to the 
effect of cultural methods upon crop production in the Great Plains 
area. Six department bulletins have recently been published by 
the Office of Dry-Land Agriculture, dealing largely with this subject. 
In these are treated separately the effect of cultural methods upon 
the production of spring wheat, of oats, of corn, of barley, and of 
corn, milo, and kafir, and one deals with the effects of the time of 
plowing. The experimental results are presented in. these bulletins in 
much greater detail than is possible in the present bulletin, and the 
reader is referred to them for the details of these investigations.! 

The investigations upon which these conclusions are based were 
conducted at 14 field stations, located at Moccasin and Huntley, 
Mont.; Williston, Dickinson, Hettinger, and Edgeley, N. Dak.; Belle 
Fourche, S. Dak.; North Platte and Scottsbluff, Nebr.; Akron, Colo.; 
Hays and Garden City, Kans.; and Amarillo and Dalhart, Tex. 

1 See bulletins of the United States Department of Agriculture bearing numbers and titles as follows: 

No. 214, “Spring wheat in the Great Plains area: Relation of cultural methods to production.” No. 218, 

“Oats in the Great Plains area: Relation of cultural methods to production.”’ No. 219, ‘‘Cornin the Great 
Plains area: Relation of cultural methods to production.” No, 222, “Barley in the Great Plains area: 

Relation of cultural methods to production.”” No. 242, “Corn, milo, and kafir in the southern Great Plains 

area: Relation of cultural methods to production.” No. 253, “The effect of different times of plowing 

small-grain stubble in eastern Colorado.” 

Note.—This bulletin is intended for all who are interested in the agricultural possibilities of the Great 

Plains area, 

96012°—Bull. 268—15——1 
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The Great Plains area to which the conclusions in this bulletin 
apply is shown by the map (fig. 1). The dots show the locations of 
the 14 field stations mentioned. The eastern boundary of the area 
is the ninety-eighth meridian and the western boundary is the 5,000- 
foot contour along the eastern foothills of the Rocky Mountains. 

The altitude along 
the eastern boundary 
ranges from approxi- 
mately 1,000 feet in 
the southeastern por- 

EN (ANDA o O RS | | aden ome, | tion to 1,400 in the 
--|4---- 5 in 

( northeastern. The 
Lt ‘ ° 

average altitude of 
the southern portion 
is higher than that of 
the northern. The 
length of the area 
from north to south 
is about 1,000 miles 
and the width from 
east to west about 
400 miles. The area 
contains, therefore, — 
about 400,000 square 

TUCUPRARL eer miles. 
Peer cee The period of time 

es ce covered by the inves- 
S BN tigations at the sev- 

iH se Sf adced ch | eral stations ranges 
| from two to eight ok EST Sie gate of the years at 

eae he Pa all thesestations 1s 80. 

- ~ The average number 
Fig. 1.—Sketch map of the Great Plains area, which includes parts of the separate plats 

of ten States and consists of about 400,000 square miles of territory. 

Its western boundary is indicated by the 5,000-foot contour. The used. each year is 

location of each field station within the area is shown by a dot J 900. The number 
within a circle (©). 

of moisture determi- 
nations made at all the stations during the entire period is approxi- 

mately 91,000. 
The work has been conducted in cooperation with the State agri- 

cultural experiment stations in Montana, North Dakota, Nebraska, 
and Kansas, and with the Biophysical Laboratory, the Office of 

Western Irrigation Agriculture, and the Office of Cereal Investiga- 
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tions of the Bureau of Plant Industry. The entire scientific staff of 
the Office of Dry-Land Agriculture, numbering about 30 men, has 
participated in the details of the field work and the preparation of 
the data for publication. The investigations have also had the benefit 
‘of the counsel and advice of the scientists connected with the various 
cooperating offices and State agricultural experiment stations. 

CLIMATIC FEATURES OF THE GREAT PLAINS. 

The climate of the Great Plains has been classified as semiarid. It 
may be better to say that it is variable. One season may have almost 
humid and another almost arid conditions. The mean annual pre- 
cipitation is relatively low. Years of relatively high precipitation 
may be followed by years of relatively low precipitation. Other 
climatic factors usually correspond with the rainfall. In a year of 
relatively high rainfall there will be a lower rate of evaporation and 
higher humidity than in a year of low rainfall. 

Another climatic factor of much importance in crop production 
on the Plains is the distribution of the rainfall. This is probably 
more important in crop production than the amount of annual rain- 
fall. <A relatively low rainfall, properly distributed, may produce 
a crop where a much higher rainfall, unfavorably distributed, may 
accompany a crop failure. 

Taste 1.—Annual and seasonal precipitation and seasonal evaporation at fourteen 
stations in the Great Plains area. 

Precipitation (inches) 3. 

is ] Seasonal evaporation.’ 
AATI- | 

Station. fade Annual. Seasonal. 

(feet) 2. 

Mini- | Maxi- | Aver- | Mini- | Maxi- } Aver- | Mini- | Maxi- | Aver- 
mum. | mum.| age. | mum.| mum.| age. | mum. ] mum. | age. 

| 

Judith Basin......-.. 4,228 | 14.96 | 23.78] 18.06 7.04| 17.21 9.34 | 22.012 | 29.353 | 24.491 
WAVED oo op accn5-- - 3,000 11, 92 11. 92 11.92 5. 92 6. 02 5.97 | 23.754 | 24.214] 23.984 
Wraeiston. <2 ..5..-.. 1,875 10. 28 18. 99 14. 84 4.75 14. 49 9.66 | 20.422 | 26.877 24. 216 
Dickinson........... 2,543 11.93 21.22 16. 69 6.85 16. 28 9.79 | 20.673 | 25.745 23.919 
MADEIOV bos = onias - 1,468 11.94 21.95 16. 71 7.85 14.98 10.11 | 18. 663 | 24. 893 21. 866 
Hettincer.......-... 2, 253 12,72 15. 68 14, 20 8.92 12. 47 10.36 | 21. 539 | 28. 239 24, 639 
Belle Fourche. ...... 2,950 6. 64 17.73 13.11 4.08 9.78 6.90 | 26.472 | 33. 750 28. 794 
Scottsbluff.......... 3, 950 13.77 18. 51 16.14 2. 53 8. 52 4.69 | 23.804 | 29. 381 26. 081 
North Platte........ 3,000 11.18 23.01 18. 05 6.85 12. 66 9.45 | 28.445 | 38. 168 32. 359 
19 4,600 14. 51 22, 46 18, 28 6,42 13. 86 9.02 | 26.064 | 35.654 | 31. 420 
Ol a 2,050 15. 59 27.80 21.30 8.18 17.97 11.17 | 80. 625 | 44.373 35. 790 
Garden City........ 2,900 11, 82 23. 58 18. 54 2.79 14. 43 8.65 | 34.325 | 43.510 38. 185 
oy ae 4,000 13. 69 16. 35 15. 11 5.09 9.85 8.01 | 35, 459 | 41. 748 38. 988 
/ ob. ty 1h a 3,676 10. 69 27.80 18. 28 6.17 11.38 9.13 | 33.804 | 42.076 36, 724 

| The years covered are the same as for the data shown in the tables for the several stations. 
2 The altitude given is for the field where the work was done and is based in most cases on that of the 

nearest town. 
2 The records of annual precipitation for 1914 are not included. The records of seasonal precipitation 

and evaporation for 1414 are included for all stations, being figured from May 1 to Sept. 1. Evaporation 
measurements are made from afree water surface, in a tank sunk into the soil to almost its full depth. ‘The 
water surface is kept about level with the surface of the ground. 
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Table I gives the maximum, minimum, and average annual pre- 
cipitation and the seasonal maximum, minimum, and average pre- 
cipitation and evaporation of the Great Plains area. By seasonal is 
meant the period between the average time of seeding and the average 
time of harvest. 

Seasonal variations in climatic factors have been found in these 
investigations to be more important in determining crop production 
than have differences in methods of tillage. This is shown by the fact 
that at some stations in some years climatic conditions have been such 
that all methods have resulted in practical failures of the crops. In 
other years all methods have given fair returns. 

Figure 2 shows the earliest and latest dates of the last killing frost 
in the spring, the earliest and latest dates of tne first killing frost in 

LAR APR. MAY YUNE. oan AUG. SEPT. OCT war 

AA a SRFELFESLE 
SUDITH BASIN |.- - Be ee eee eee ao, 

HUNTLEY 19 

WILLISTON |..-\__-J_- LLL LLL lef ops LLL LLL LLL ee We |e)» 0 

OIGHINSON Alors aan Sposees —_ all a ies a zee 

EDGELEY col Bettd ey MLL YL LILI fo ZL. =|_l19 ¥ 
ygo pars | aus ; 

HETTINGER 
Pan 

GELLEFOURCHI 7 S: 

SGOTTSBLUFF |\..-1..-\-. Tyla To ZL BLL el 

NORTH PLATTE |- 40 S 

CON Nie an | ee Benes “aS 

HAVS: Se Bee UMM imma aN 

GAROEN CITY |---| WLLL BLITZ LLG ae ZHU LLL eecce 20 

DALHART eee ae MELLEL Will Lill VILLE. 7 

AMARILLO |. A-- |. LEZ EEE LLL LLL LL LLL | = => = 23 

Fic. 2.—Diagram showing the average frost-free periods and the earliest and the latest dates at 

which the last killing frost in the spring and the first killing frost in the fall has occurred at four- 

teen stations in the Great Plains area. 

the fall, and the average length of the frost-free period at each station. 
Each hatehed horizontal bar represents the period between the aver- 
age dates of the last killimg frost in the spring and the first killing 
frost in the fall. The number of days in the average frost-free 
period for the station is shown in the figures above the bar. The 
solid-line curve at the left shows the earliest date at which the frost- 
free period has begun. The broken-line curve at the left represents 
the latest date at which the last killing frost of the spring has occurred. 
The solid-line curve at the right represents the earliest date and the 
broken-line curve at the right the latest date at which the first killing 
frost of the fall has occurred. 

This diagram shows clearly the increase in the length of the frost- 
free period from the north to the south. The shortest average period 
is 100 days, at Hettinger, and the longest 194 days, at Amarillo. The 
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length of the period free from frost is more important in the produc- 
tion of corn than in the production of small gram. Young corn being 
easily injured by frost, plantmg must be delayed until there is little 
further danger from this source. Where the season is short, the crop © 
may be caught by frost in the fall. This necessitates the use of short- 
season varieties in a portion of the Great Plains area. 

SOILS OF THE GREAT PLAINS. 

As would naturally be expected in so extensive an area, the soils 
of the Great Plains present a great diversity; but as it is only that 
portion of the area which is adapted to dry farming with which these 
studies deal, all of the alluvial bottoms, the sand hills, the ‘‘ bad lands,” 
and the rough, broken, and mountaimous portions are eliminated. 
This elimination greatly reduces the diversity of soil types to 
be considered. The 14 field stations already mentioned were 
located with a view to having each of them on soil representative 
of extensive areas. It is believed, therefore, that the soils of these 
stations represent nearly all of the important soil types to be found 
in the strictly dry-farming. portions of the Great Plains. The con- 
clusions drawn from experiments conducted at these 14 stations, 
therefore, should apply to the Great Plains area as a whole, and those 
from individual stations, or from groups of stations, to extensive sub- 
divisions of the area. 

Space here will not permit of a detailed discussion of the soils at 
each station. Brief descriptions of the soils at these stations are 
given in a bulletin recently published.! 

CROPS AND CULTURAL METHODS. 

The principal crops under investigation are spring wheat, winter 
wheat, oats, barley, corn, milo, and kafir. The methods of soil 
preparation AG ARE fall plowing, spring plowing, disking corn stub- 
ble, subsoiling, green manuring, and summer tillage, and listing for 
sual grain, corn, milo, and kafir. Detailed descriptions of these 
various methods are given in the publications cited on page 1. 

RESULTS OF METHODS TESTED WITH VARIOUS CROPS. 

In this bulletin a table will be presented for each of the crops con- 
sidered, the results for milo and kafir being combined in one table. 
The first part of each table shows the average yields obtained at 
each station by each method under trial. It also shows the number 
of years and total number of plats used in obtaining the average. In 
the case of the small grains only, the method of Bad. bed pre paration 

‘1 Bulletin U, 8. Dept. of Agriculture ‘No. 214, entitled “Spring Whe: ui in the Great Plains aren: 
Relation of culturs 11 methods to production,” 4% p., 1915, 
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is considered, without reference to the previous crop. In the tables 
for corn, milo, and kafir, the tables show the effect of the previous 
crop, as well as the effect of the method. Under the headings, “ Fall 
plowed,” ‘‘Spring plowed,”’ and ‘Green manured”’ in the tables for 
the small grains are shown the average yields obtained from ground 
so prepared following several different crops, usually wheat, oats, 
barley, or corn. The disked land has been chiefly corn land. List- 
ing and subsoiling have been done on land continuously devoted to 
the crop for which results are presented. The second part of the table 
shows the comparative profit or loss resulting from growing each 
crop by the various methods under study. The profits and losses 
are based on the average yields shown in the first part of the table. 

The method of computing the cost of production and of valuing 
the crop has been shown in detail in the publication previously cited.1 
The cost is based on a land rental of $1.60 per acre and an average 
wage of $2 per day for a man and $1 per day for a horse. With this 
wage as a basis, the labor cost is computed on the average amount of 
work required by each method under trial. The cost of production 
as computed is not offered as being absolute for any locality, either 
in amount or cost of labor required, but is given as a working basis 
for the comparison of the results from different methods of prepara- 
tion. 

SPRING WHEAT. 

The results with spring wheat are summarized in Table Il. In 
the first part of the table are brought together for each station the 
average yields as grouped for this study under different methods of 
preparation. In the second part of the table the profit or loss in 
dollars and cents per acre for the average crop for each method is 
shown. This digest is based on the yield data presented in the 
first part of the same table. 
When fall plowing followimg corn, oats, and wheat is averaged 

together and compared with spring plowing following the same crops, 
the average yields from each of the two methods at 11 of the 14 sta- 
tions show no material difference for the years averaged. At only 
three stations—Scottsbluff, Akron, and Hays—are the average dif- 
ferences greater than 1 bushel per acre. At Hays the advantage is 
with fall plowing and at the other two stations with spring plowing. 
At most stations the advantage of one method over the other depends 
chiefly upon the season. The effect of different times of plowing 
small grain stubble has been treated in detail in a separate publica- 
tion. The small difference in the cost of the two methods makes | 
relative profits and losses from them follow closely the differences in 
yields. 

1U.S. Dept. of Agriculture Bulletin No. 214, entitled ‘Spring Wheat in the Great Plains area: JSS EAn at 

of cultural methods to production,’’ 1915, p. 8-11. 
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TasBLe II.—Average yields and digest of cost of production per acre of spring wheat by 
different methods of tillage at fourteen stations in the Great Plains area. 

us| 
Fall Sprin: sare . Green. | Summer | 2 

plowed. | plowed. | Disked. | Tisted. [Subsoiled.) yonured.| tilled. | # 
: Ss 

of a 3 é Z a 3 2 
KE » ~ » ~~ ~~ » 

: 8 7 | 8 PAS teal 7 | sas iis j | 83 Points coveved. a 3 a 3 a 3 ci 3 io 3 2 3 a Z o 

Sig pte | Ps Ps ROR Sn tes On [Ceci Bb |S 
[->) [-) [-?) =) [<>] ww [-?) =] [->) =I [->} =] 

SPOS. Saks. | eager MEO ener ee | 2201 Sa ase hs 
See a Coles | 22 aeee spe ea Pl e ae a 
ZA et |e |e << etcetera eet Lh 

Yields (bushels): 
Judith Basin....... 25 | 22.1 | 24 | 21.7] 40 | 22.5 | 5 | 21.7] 5 | 22.8 | 10 | 20.4] 19 | 20.8 5 
Pantloey |<. <= a2--- 8 | 20.0} 6 | 19.5 | 16 | 22.4 | 2] 18.0) 2] 16.0 22.3 25.9 2 
WYyalliston= 22. 3225: ZON Moss LONE OS Os |FB5) |) 16528 | ee ees ee ee 10 | 18.6 | 15 | 20.2 5 
PHeKINSOn=*— 2 -- SOO ZO Se PLS) | AGES [254 1-23.53 ieee eee [ee | eke 30 | 22.2 | 18 | 27.5 6 
Edgeley.....-...--- SZ aosoulSON| soso | c8Gn| ili dendy | eee | eee Lie ee 23 | 16.7] 37 | 17.9 8 
Herimrer =. 15 | 13.4 OD RS erd nie Gs | Lo cided | meee | eae meee | es ee 12 | 14.6 | 24 | 20.4 3 
Belle Fourche. ..... 24 7.0}18} 6.5] 72] 8.8] 6 7.5 6| 6.7 | 24] 9.21) 30] 11.5 6 
Scottsbluff. ........ 15 | 9.6 | 12] 11.5] 33] 14.0} 3] 9.4] 3] 9.4] 6] 18.3] 9] 19.9 3 
Narther lattes 2.02. AON LS Gi S2 LO. Gis. [LO Se eee peeenees teens | errno nA 24 | 16.8 8 
Ee oS oS cllas 34 9.4 | 20 | 12.3 | 24] 11.2) 6] 8.6] 6 7.41}18 | 9.9 | 12) 14.6 6 

Bieaysee So. <2 La. Zou GsGui lone 8: leon) 7ONl roman ose enor | Grail eens) eee 10] 8.0 5 
Garden City........ BON 415) 14) Sok) 10) 456s ono bell 422) Sh esh 75 s15u GEO 5 
LIEU ee PAVIA, PAPA) | aaa | eA UAL ol ia aia RSS po Zt) GL AO os Se 8} 0.3) 8] 5.8 4 
PARMAR Oe << 27| 6.2] 21| 6.1] 6| 6.6) 6] 7.4] 6] 81/12] 8.6] 18 | 12.6 6 

| 

Cost of production...... $6.56 $6.09 $4.75 $5.55 $7.17 $14. 61 $11.50 |-.... 
Profit or loss (—): 

Judith Basin....... 8.91 9.10 11.00 9.64 8.79 — 0.33 3.06 5 
AME G y= 2222. =: 7.44 7.56 10. 93 7.05 4,03 1.00 6.63 2 
MaNSTOn ose. s ec. 4.15 5. 04 6.59) = eae cee | ule See — 1.59 2.64 5 
Dickinson.......... 7.91 te Ul Uh BG) Nan eect acne Ga CoaeaaEe 93 7.75 6 
Mdeoleyi:. fa. 4.15 4.76 7. Gat hil MReeN RENEE NETL y — 2.92 1.03 8 
Hettinger ee far eyate ee oie 2.82 3.55 (BPE wil ele cmceace) ER EReLe — 4.39 2.78 3 
Belle Fourche. ..... —1.66 —1.54 1.41 — .30 —2. 48 — 7.17 —3. 45 6 
Scottsbluff......... .16 1.56 5.05 1.03 — .59 — 5.30 2.43 3 
North Platte....... 1.56 1.33 Pe Se Co BSR CGE HERE Ete eIerea ree ess -26 8 
PERE > Sb Fe . 02 2.52 3.09 47 —1.99 — 7.68 —1. 28 6 
GOSS —1.94 —2.73 15 — .86 a DOO Bai (eyes si terctate —5.90 5 
Garden City........ —3. 69 —3.90 —1.53 —1.98 —4, 23 —12.02 —7.30 4 
Pawarh - 2.2. —5.51 —5. 23 —3.91 == 3 (0B eo eae —14. 47 —8.77 6 
ATARI = 22 —2.22 —1.82 — .13 — .37 —1.50 — 8.59 —2.68 6 

Wheat on disked corn ground has given consistently high yields. 
This, together with the low cost of this preparation for wheat, has 
resulted in its uniformly showing the greatest profit per acre at those 
stations where wheat has been produced at a profit and the least loss 
at those stations where wheat has been produced at a loss by all 
methods. The only exception to this is at Dalhart, where yields have 
been so low as to be of little practical moment. The realization of 
these profits depends, of course, upon the profitable production of 
corn, in competition with other crops, as a general farm crop. 

It should be borne in mind that at all stations disking corn ground 
as a preparation for all small-grain crops has been done on corn 
land kept free from weeds. If weeds were allowed to develop in the 
corn, similar results should not be expected. To the extent that the 
weeds developed or were unhindered in their growth would the corn 
ground approach a grain stubble in the condition of the seed bed. 
If they matured seed, further damage might be done by their growth 
in the succeeding crop. 

96012°—Bull. 268—15——-2 
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Subsoiling, as compared with fall plowing similar wheat stubble 
without subsoiling, has been of doubtful utility as a means of increas- 
ing ylelds. As a means of overcoming drought it is without value. 
At Judith Basin and Scottsbluff it has shown a small increase in 
yield over a comparable plat fall plowed without subsoiling, but the 
increase was hardly sufficient to pay the extra labor costs. The evi- 
dence from eight stations, some of which have eight years’ records, 
indicates that working the soil to a greater depth than is reached by 
the ordinary plow is not essential. This indication is strengthened 
by data from other work not yet published on deep plowing and 
dynamiting. 

Listing wheat stubble instead of plowing it in the fall has resulted 
in a small increase in yield at seven of the eight stations where it has 
been tried. At Amarillo it has increased the yields in the years of 
heaviest wheat production. At the same station it shows a slight 
loss in the average for all years when compared with a comparable 
plat fall plowed. As it is a somewhat cheaper method of preparation 
than fall plowing it has been a more profitable one. 

Except at Judith Basin and Akron, wheat after summer tillage 
has given the highest average yields at each station of any method 
under trial. At Akron the yield of wheat on summer-tilled land has 
been exceeded by that on spring-plowed corn ground by 0.3 of a 
bushel per acre. The average of spring plowing is, however, below 
the average of summer tillage. The reason for the departure at 
Judith Basin is doubtless that of the depth and type of soil at that 
station. For the whole 14 stations under study the average increase 
in yield over disked corn ground has been 3.1 bushels per acre. Sum- 
mer tillage requires the use of the land for two years to produce a 
crop and requires an extra amount of cultivation to keep it free from 
weeds in the fallow year. It consequently has the highest acre cost 
of any method under trial except its modification—green manuring. 
A study of the relative profits and losses from different methods, as 
given in Table II, shows that the increase in cost of production by 
summer tillage has been relatively greater than the increase in yields 
resultant from it. It has not at any station been the most profitable 
when a profit was realized, nor has it been the source of the least 
loss where wheat has been raised at a loss. At six stations it shows 
a profit, but a smaller one than was realized from some other method 
or methods. At four other stations it has resulted in a loss, while 
some other methods have resulted in profit. At the remaining four 
stations its practice has increased the loss attending the use of less 
expensive methods. 

Green manuring is the most expensive method under trial. It 
resembles a fallow in that it requires the use of the land two years 
to produce one crop, but it has the added expense of seed and seeding. 
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There is a saving in cultivation during the spring while the green- 
manure crop is growing, but this is partially offset by the necessity of a 
second plowing to turn this crop under and is not sufficient to make 
up for the cost of seed and seeding. The yields have not been com- 
mensurate with the increase in the cost of producing them. At no 
station have the average yields followimg any green manure exceeded 
those from summer-tilled land. At all stations except Huntley and 
Dickinson the result has been a monetary loss, both actually and in 
comparison with other methods. These are the two stations that 
have had the highest average yields. 

It is hardly fair to charge the whole expense of green manuring to 
the one crop that immediately follows it, as is here done, as it should 
have a cumulative effect in building up the soil or remedying its defi- 
ciency in organic matter. The available evidence is that on normal 
soils in the Great Plains area, at least in the first years of the work, 
little effect is shown on any other than the first crop. This effect is 
like that of a fallow, in that water is stored during the period after the 
crop is plowed under. 

WINTER WHEAT. 

Cultural methods for winter wheat have been under trial at all sta- 
tions except those in North Dakota. No varieties at present avail- 
able have sufficient hardiness to survive the winters in that State. 
In the rest of the Great Plams winter wheat is more successful. In 
dry falls there is trouble in getting germination and a good stand with 
some methods. At some of the stations there is more or less trouble 
with winterkilling. When winter wheat fails to start in the fall or to 
survive the winter it can often be successfully replaced with spring- 
sown varieties. When it survives the winter, it is quite generally 
more productive than spring wheat. At those stations where it is 
adapted it makes a greater response to cultural methods, particularly 
to summer tillage, than does spring wheat. Table III presents the 
average yields and the average profit or loss from each cultural method 
at each of the stations at which the crop has been under trial. 

At Garden City, Dalhart, and Amarillo there have been so many 
failures and such poor yields when a crop was produced that the 
averages are very low. At these three stations the only material 
difference in the results from different methods has been a small 
increase in yields on summer-tilled land at Amarillo. This increase 
in the crop has not been proportionally as great, however, as the 
increase in the cost of production by the use of this method. The 
only profit from winter wheat by any method at these three stations 
has been 8 cents per acre on disked corn ground at Amarillo. 

At the Judith Basin and Huntley stations the season is so short that 
it is not possible to make much difference in the time of plowing for 
winter wheat. The difference has been in depth of plowing rather 
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than in time of plowing, the plat under the heading ‘‘Late fall 
plowed” having been plowed shallower than the one headed ‘‘ Karly 
fall plowed.” At Huntley the results seem to have favored shallow 
plowing. The chief thing to be noted in the results from these 
stations is the general lack of difference in the yields from methods 
other than summer tillage. At the Judith Basin station summer 
tillage has increased the yields from five to six bushels per acre. The 
increase has not been sufficient to pay for the increased cost of 
production by this method. Huntley has only two years’ record. 
During these years the average yield of winter wheat on summer- 
tilled land has been over 40 bushels per acre as compared with yields 
of about 30 bushels from other methods. This makes both the 
yield and the profit from winter wheat after summer tillage at this 
station greater than by any other method at any station. 

TaBLE II1.—Average yields and digest of cost of production per acre of winter wheat by 
different methods of tillage at ten stations in the Great Plains area. 

Early fall | Late fall : F ; Green | Summer |& 
plowed. | plowed, | Disked. | Listed. |Subsoiled.) .onured.| tilled. iz 

5 ra 
n n wa n n na 2) g 

Points covered. a 3 a 3 e 3 a 3 2 3 = 3 = 3 ae) 
ey sas: esd.) ES Seon IE Oule 155 leo} 5 3 

) be © EA © bs D Ea o i) Fa o |B 

B) 22) @ 2) 8/2) 2 2) 2 \2| 2/2) 2k 
Bl VED ate) | Sue uae i ee 
PAN ml rapier elite el cae A ed I eA Ih a eee 

Yields (bushels): 
Judith Basin....... 5 | 19.8 5 | 20.2 4 | 22.5 5 | 19.8 5 | 20.0 | 2 | 23.5 8 | 25.7 5 
Huntley.........-.. iL |) PR z/ 1 | 30.8 8 | 29.5 1 | 26.2 1 | 27.8 8 | 32.4 6 | 41.1 2 
Belle TRC Beane 6 | 11.6 6 Sit: al Pees S| Sey cae G9 Se7=| 1G | vel ONG | eee | eres 6 | 18.4 6 
Scottsbluff........- 3 | 10.6 3 6.4 SI MTA ya area | Lp cell hata | ns 6 | 15.3 6 | 19.9 3 
North Platte......-. eM AL OQS Boi Hise yee | eae ee et cis el ge | ae | RH ee 30.8 3 
a ote Dee ee ea 5 | 14.1 5 | 13.3 } 15 | 19.2 5 | 14.7 5 | 11.8 | 40 | 16.7 | 10 | 21.8 5 

ROIS Sah oy 7 | 15.8 7 | 11.6 { 28 | 12.4 7 | 19.4 7119.1 | 34 | 14.2 | 13 | 21.7 7 
ess Cityes a 7 ial 7 1.2 | 14 1.5 | 13 1.5 7 1.1 | 53 2.6 7| 2.8 7 
IDNR ae ea ss A PEG ZEN By I By) AN 2 er | ee | eee 24 3:3 4 
Amarillo see 6 8.2 6 275 || 17) 6.9 6 6.4 6 6.9 | 36 7.7 | 12 | 10.7 6 

| | 

Cost of production... .. $6.56 $5. 85 $4. 75 $5.55 $7.17 $14.61 $11.50 
Profit or loss (—): 

Judith Basin....... 7.30 8295). eateeeeraee 8.31 GSS ORE Saaecesee 6. 49 5 
untleyaesee eee 11. 43 15.71 15.90 12.79 12.29 8.07 17.27 2 
Belle Fourche. ..... 1.56 203;3 Geese 1.24 ry Us Werte Se 1.38 6 
Scottsbluff........- 86 — .63 BY (ES eer PERS aha — 3.90 2.43 3 
North Platte....... 5 Vata Pecans nen) Legon ea ODE ay ee a DO ra eS | cia ea 10.06 8 
AKT ONZE ies Bb Bil 3. 46 10.69 4.74 1.09 — 2.92 3.76 5 
Hay see ee ye Sauk 4.50 2.27 3.93 8.03 6.20 — 4.67 3.69 7 
Garden City —5.79 —5.01 —3.70 —4.50 —6. 40 —12.79 —9.54 6 
Dalhart —4.81 as ee ie ieee B80) ae eee eee eee —9.19 4 
Amarillo — .82 — .81 08 —1.07 —2.34 — 9.22 —4.01 6 

At North Platte, data for a sufficient number of years to be of value 
are available for only two methods, early fall plowing of land con- 
tinuously cropped to winter wheat and summer tillage. The average 
yield from summer tillage has been 30.8 bushels and from continuous 
cropping only 10.6 bushels per acre. At Belle Fourche, Scottsbluff, 
Akron, and Hays, early fall plowing has increased the yields over late 
fall plowing. A still greater increase has been obtained by growing 
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the crop on summer-tilled land. The increase in yield at all of these 
stations except Hays has been sufficient to justify the use of this 
method for winter wheat if the results are to be compared with those 
from wheat stubble plowed in the fall. 

At Akron the greatest profit has been realized from the growth 
of the crop on disked corn ground. At Hays land treated with the 
lister after harvest and land subsoiled have given decidedly the 
greatest profits. 

The yields following the plowing under of rye or peas for green 
manure have approached, but in no case equaled, those on summer- 

tilled land. The greater cost of the method removes it from com- 
petition with other methods. 

oats. 

In Table IV are brought together for the several stations the 
average yields of oats and the cost of production data as grouped for 
study under different methods of preparation, showing the profit or 
loss per acre for the average crop for each method for which it has 
been computed at each station. 

‘Taste IV.—Average yields and digest of cost of production per acre of oats by different 
methods of tillage at fourteen stations in the Great Plains area. 

ue} 
Fall Sprin: : . « Green | Summer] & 

plowed. nloaee Disked. | Listed. |Subsoiled.| jonured.| tilled S 
pl Seats AVY tae We | eel ae RA 

1g » ~~ H 
: BI S j 18 J |e 7 | j |S 3 | ij | fee eae es (S| See Ses es |e 

S Bile Bm | Oo Bb | 0 Bb | o aS |) eS Somline Bb | 8 
m (9) be c?) + [>] I [>) w (>) i] >) fa >) ey 

nee Pe le |) eee ee oe eee ele 
fle {81/8 /8|/ e18| 8/8] s/8] s 1s] & g 

> > > > > = > 5 
AN cee cael ety ica || eel cat cede ea cea Sac llr 

Yields (bushels): R 
Judith Basin....... 42 | 49.9 | 20 | 51.2 | 28 | 53.38] 5| 49.9) 51] 49.5 | 20 | 54.8] 15 | 58.4 ) 
MENWCY 25-05 a<52~ 12 | 43.4 | 8 | 49.2] 16 | 53.0] 2] 47.2] 2] 46.1] 8] 58.6] 6] 59.2 2 
Williston........... 8001753251) 20) | 38042 1) 20) |' 37 9) aeme eee eee eto 10 | 39.1 | 15 | 43.9 5 
Dickinson. ......... 3G) ease 4 | 42 BOL ONT OO) || 4/7 fit eee eee eee ee | meen 18 | 44.0] 18 | 49.9 6 
Edgeley.........-.. PACES DVDR Sone She 4: (49) |) ont) epeeeed | mere [eee rare tte 21 | 35.1 | 34 | 38.3 8 
Hoftinger,..:.....-. 1B) 229 Seed |B2) 0) |) 20 \35s 1) | ree eee en bia 9 | 22.2} 15 | 32.1 3 
Belle Fourche...... 36 | 16.1 | 24 | 18.0] 48] 21.9] 6]18.8| 6] 17.5) 24 | 22.4 | 30 | 29.8 6 
Scottsbluff......... 21 | 18.2 | 18 | 22.2 | 24 | 26.8} 3] 20.4] 3 | 20.4 | 15 | 28.7] 12] 38.2 3 
North Platte....... AP NUE S48) (18-5 | S| L708 seeelaeeete eee leeeee. 31 | 22.0 | 32 | 27.4 8 
LTA ee 30 | 21.7 | 24 | 23.9] 72 | 20.5] 6] 21.9] 61] 16.9] 18] 19.9] 18 | 28.7 6 
A eS SOM 20a ed | L768 12 |:20) 7, Gabe zag Gy |) 22nde eee |e ne 12 | 24.8 6 
Garden City........ 25) 8.7|20| 6.0]65| 88} 5/]12.8| 5] 9.2110] 9.2]15} 12.8 ) 
11h Se AGO Are lal) Or 50144 |) 4505) eae Oar ec ee 8 Ronn 2a Lons 4 
Amarillo............| 30 | 17.6 | 24 | 15.1 | 60] 15.8| 6| 17.0] 6| 15.1 | 12 | 17.3 | 12 | 27.6 6 

Cost of production...... $6.31 $5. 84 $4.50 $5. 30 $6. 92 $14.36 $11. 25 
Profit or loss (—): 

Judith Basin....... 8. 66 9.52 11.49 9.67 7.93 2.08 6.27 5 
i a i 6.71 8.92 11.40 8. 86 6.91 3. 22 6.51 2 
Ji i 3.74 5.02 6.87. peeing Mercier aces «||. 2, 08 1.92 5 
Dickinson.......... 4.01 5.23 0:75: 7 eapee sen le eereenes o|tt ml, 16 es 6 
Edgeley............ 3. 35 3.58 5.55’. | seeeene oe aiete eisai me —3. 83 24 8 
Hettingor........... 53 3.76 6.08 xl | Taare eee sees 3 —7.70 —1. 62 3 
Belle Fourche...... —1.48 — .44 2.07 34 —1.67 —7. 64 —2.31 6 
Scottsbluff..........] — .85 82 3.39 82 — .80 —).75 . 21 3 
North Platte — .97 — 9 DY ge 2, al (a —7,76 —3.03 8 
Akron....... Ss . 20 1.33 1. 65 1.27 —1.85 —8, 39 —2. 64 6 
Hays...... — ,10 — .56 1.71 1.57 Ta fi Pl Pea oar —3.81 6 
Garden City —3.70 —4.04 —1.86 —1.46 —4.16 | —11.60 —7.41 5 
Dalhart —4.96 —4.79 —3.30 BIDS |Nid'p.nwclciaoed —14, 27 —8.46 6 
Amarillo... —1.03 —1,31 24 — ,20 —2'89 | — 9.17 —2.97 6 
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Perhaps the first thing that impresses one in viewing the average 
yields from all stations is the much greater adaptation of oats to 
the northern than to the southern section of the Plains. There is an 
almost constant decrease in yields from the northern, cooler, shorter 
season stations to the southern, warmer, longer season ones. This 
decrease is about the same for the heavier yielding as it is for the 
lighter yielding methods. ‘This decrease in yield from north to south 
for all methods proves that the problem is one of adaptation of crops” 
to conditions rather than one that can be overcome by cultural prac- 
tices. 

General averages for all of the stations mean liftle, as differences in 
yield obtained at one station by the combination of factors that 
determine yield may be balanced by differences in an opposite direc- 
tion, as a result of a different combination of factors, at another 
station. With the trifling exception of a fraction of a bushel at 
Edgeley, spring plowing at all stations north of Hays has given higher 
average ylelds than fall plowing. At Hays and the stations south 
of it, fall plowing has been in about an equal degree better than spring 
plowing. The greater number of stations represented in the northern 
group makes the general average of averages show a small margin 
in favor of spring plowing. The general average, however, is of little 
value. It should not influence the practice at those stations whose 
results show fall plowing to be for them the best practice. 

At all of the stations north of North Platte, disking has been pro- 
ductive of higher average yields than either fall or spring plowing. 
At North Platte, Dalhart, and Amarillo, it has been between the two 
in yield. At Hays it has yielded the same as fall plowing and higher 
than spring plowing. At Garden City it has yielded higher than 
either. In the general average of all the stations reported it has 
given a yield of 28.3 bushels per acre against 25.8 bushels for spring 
plowing and 24.4 bushels for fall plowing. The great bulk of the 
land disked is corn ground. 

With the exception of a sharp decrease from subsoiling at Akron 
and a similar increase from listing at Garden City, the yields from 
each of these practices have not departed far from the yields of 
ordinary plowing. 

Green-manured land has been productive of higher yields than either 
fall or spring plowed or disked corn ground at 9 of the 13 stations 
from which results from it are reported. At Dickinson it has given 
lower yields than disked corn ground. At Hettinger, Akron, and 
Dalhart it has yielded less than any of the three methods mentioned. 
At Amarillo fall-plowed land has exceeded it in yield. 
Summer tillage has produced higher yields than any of the methods 

under trial at every station except Hettinger, where it has been ex- 
ceeded only by disking corn ground. Averaged for all the stations, 
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its increase of yield over fall plowing has lacked one-tenth of a bushel 
of being 10 bushels per acre. The greatest departure from this gen- 
eral average is at Scottsbluff, where the increase has amounted to 20 
bushels per acre. 

As values and cost of production are here figured, it is seen in Table 
IV that oats have been produced at a profit by at least one method 
at all stations except Garden City and Dalhart. At two stations, 
Judith Basin and Huntley, a profit has been realized from all methods. 

Comparatively good yields, combined with low cost of production, 
have usually made disked land, which has been chiefly corn ground, 
show the greatest profit at all stations where a profit has been realized 
from any method. 

At all stations where it has been tried, listing has either been more 
profitable or has resulted in less loss than fall plowing. 

Subsoiling has yielded a profit at two stations and a loss at six. 
It could not, however, be said that it was a profitable practice at any 
station, as the profits from it have been less and the losses from it 
greater than from fall plowing. It should be compared with fall 
plowing, as it is a modification of that method. 

At all the 10 stations north of Hays, except Belle Fourche and North 
Platte, where the losses per acre have been $0.44 and $0.29, respec- 
tively, spring plowing has been productive of profitable crops. At 
Hays the average loss from it is only $0.56 per acre. At Amarillo 
the loss has increased to $1.31. At Garden City and Dalhart there was 
a loss, but all methods resulted in a loss at these stations. 

At Akron and all North Dakota and Montana stations, fall plowing 
shows a profit. At Scottsbluff the nominal profits from spring 
plowing have been converted to nominal losses by fall plowing. At 
the other stations the losses from the two methods are about the 
same. 

The cost of green manuring has been so high that at only two 
stations, Judith Basin and Huntley, has it shown a profit. At 
those stations the profits were smaller than those from any other 
method. At all other stations it has either converted the profit of 
other methods into a loss, or has been productive of the greatest loss. 
In probably only two or three cases has the loss been small enough 
to make it possible to change it to a profit by distributing a part of 
the cost to following crops. 
Summer tillage as here figured shows a profit at six stations and a 

loss at eight. In two cases the profits are nominal—i. e., they are 
so small that changes in the average yields by extension of the record 
might change their position. In no case has the profit as here figured 
been as great as from some other method. Except at Dalhart and 
Garden City the losses at the eight stations showing a loss have 
averaged from $1.62 to $3.81. Considering the fact that summer 
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tillage sometimes produces a crop when other methods fail, it seems 
that it might have a place in the production of oats, even though 
somewhat greater net profits may be obtained in the average of a 
series of years by other methods. Surety of production, especially 
of feed crops, is as important, if not more important, than the amount 
of net profits per acre. 

BARLEY. 

In Table V are brought together for the several stations the average 
yields of barley from different methods of preparation. The profit 
or loss per acre for the average crop for each method for which it 
has been computed is also shown. 

TaBLE V.—Average yields and digest of cost of production per acre of barley by different 
methods of tillage at fourteen stations in the Great Plains area. 

Fall Spring pinigess d ; Green | Summer |& 
plowed. | plowed. | Disked. | Listed. (Subsoiled.| ponured.| tilled. |2 

ako) a (ea eaARR ee eran Paes (One eek 5 
B 3 8 8 2 

: 3 8 eS as & Par Points covered. a = S 3 et S a, eS 3 oe 

i) SS) B | 6 B | 3 5 Sg los 
I ) i >) & CY) I 8 >) mH Bi Se | 2a) Balen Sane 
q 5 g 5 |g ba | q 5 | 

p = > 5 e =} 5 PIs 
PA Ph eA ge a Ala {2 

Yields (bushels): 
Judith Basin....... 5 | 24.0} 9 | 24.0} 5 | 29.0] 5 | 29.0 5 | 30.2 Gene 
LEKI yosusacsosaelescelbouccs DOG | Ol SH ee Soe eae 2 
Williston.........-.. Aes |) ee Gt) Drewes sae 5 | 28.8 5 
Dickinson. Soe | Ae aes) EEG | BeZs See e 6 | 32.5 6 
Edgeley..... 8 | 16.7] 16)18.5 | 8 | 23.4 |__.. 8 | 20.0 8 
Hettinger.......... 3 | 19.9 | 6] 25.5) 3 | 14.9 |22_- 3 | 31.8 3 
Belle Fourche. ....- 6] 7.6)12] 83] 6]12.2] 6 6 | 12.6 6 
Scottsbluff......... 2/14.0) 4/15.4) 2/186] 2 2 | 27.6 2 
North Platte. ...... 8 | 17.1 | 16 | 15.9} 8 | 13.4 |... 8 | 26.7 8 
AUTOM ean eae 6 | 18.6 | 12] 18.8 | 18 | 18.4 6 6 | 24.8 6 
Haysteiyee hs 6 | 13.6 | 12] 11.2 | 36] 14.1] 6 6|19.3] 6 
Garden City........ 5 | 69/10] 4.3)15] 8.9] 5 5 | 11.0 5 
Dalhanteeese eee 4) 3.9] 8] 1.9|12] 1.6] 4 4/ 6.4 4 
Amarillo........... 6] 82/12} 5.7) 6] 6.6] 6 6 | 12.6 6 

Cost of production...... $6. 46 $5.99 $4. 65 $5. 45 5 : $11. 40 2 
Profit or loss (—): 

Judith Basin..._... 3.38 3.85 7.24 98 5 
um tleyese ae ynoes| Saeueee 6.15 HED le NRE an EMR RCN ar eao saan 3 
Williston..........- . 67 61 6. 63 i -41 5 
Dickinson. ......... 3.83 4.10 10. 68 z 1.93 6 
Bdgeleyeeeesess. 39 1.60 4.94 A —3. 20 8 
Hettinger.......... 1.70 4.47 1.46 1.64 3 
Belle Fourche......| —3.34 —2.59 -30 —2.29 Oso 6 
Scottsbluff. ........ — .72 32 2.98 — .08 2 
North Platte....... 5 53 SNS aa epee ee ne re) 8 
PAT OMe ee ee 1.17 1.72 2.89 —1.23 6 
Hays oo eee — .88 | —1.40 ie) «ae ; —3.49 6 
Garden City......_. —3. 63 —4. 23 —1.00 —2.05 ¢ : —6. 89 5 
Datharteeee se ee —4.86 | —5.21 | —3.95 | —3.65 —8.78 4 
Amarillo........... —3.10 —3. 65 —1.94 —2.95 —6. 23 6 

It is conspicuous in Table V that the yields at Belle Fourche, 
Garden City, Dalhart, and Amarillo have been markedly lower than 
at the 10 other stations. While some methods have increased the 
yields at these stations, they have not brought them up to a point 
that offers much encouragement for the growth of this crop. The 
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only profit shown at these stations from any method under study is 
one of 35 cents per acre from disking corn ground at Belle Fourche. 
This nominal profit has resulted from the low cost of production 
rather than from the amount of yield. The indications are that the 
combination of soil and climatic conditions at these stations is not 
congenial to the growth of barley, nor can the unfavorable conditions 
be overcome by cultural methods. 

Table V also shows that at 10 of the 14 stations under study, 
disked corn ground has been productive of higher yields of barley 
than either fall or spring plowed stubble. At Hettinger and North 
Platte it has been clearly exceeded in yield by each. At Akron it 
has been exceeded in yield by both, but the differences between the 
three are only fractions of a bushel. At Amarillo it has been between 
the two in yield. Its low cost of production has made disking the 
most profitable method under trial at all stations except Hettinger. 
It has been productive of a profit at all stations except Garden City, 
Dathart, and Amarillo. 

Preparing the ground with a lister instead of a plow has been 
practiced at eight stations. At only one station, Judith Basin, have 
the yields been very materially different from those by fall plowing. 
At the other stations, although it has not in all cases given higher 
yields than plowing, owing to a lower cost of preparation, it has 
shown slightly more profit where profits are shown and less loss 
where losses are shown than has resulted from plowing. 

The difference between spring and fall plowing is largely one of 
season. In the average of the 13 stations at which both were under 
trial, there is practically no difference. At only three stations jis 
there a difference of over 2 bushels per acre in the yields from the 
two methods. At the four southern stations the advantage has been 
with fall plowing. This is the only consistent territorial difference. 
to be noted in the comparison of these two methods, but production 
at these four stations and at Belle Fourche has been at a loss by both 
methods. Spring plowing shows a profit at all other stations and 
fall plowing at all others except Scottsbluff. 

Subsoiling in preparation for the barley crop has been practiced 
at seven stations. At only two of these has the consequent yield 
departed far from that by fall plowing. At the Judith Basin station 
there has been a marked gain and at Akron a marked decrease from 
subsoiling. The cost of the method has been such that it has paid 
a profit at only the Judith Basin station. 

The highest average yields at 11 of the 14 stations have been from 
summer-tilled land. At the Judith Basin station subsoiled land has 
yielded a fraction of » bushel higher. At Dickinson and Edgeley 
the yields on disked corn ground have been appreciably higher than 
on summer-tilled land. While the averages of all the stations are 
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not strictly comparable, summer tillage has increased the yield over 
fall and spring plowing of cropped land nearly one-half. The aver- 
age Increase over disking corn ground has not been nearly so great. 

These increases in yields have not been in proportion to the increased 
cost of the method. Inno case has it been the most profitable method 
under trial. As values and cost are here figured, this method shows 
a profit at only four stations, Judith Basin, Williston, Dickinson, and 
Hettinger. At Scottsbluff, North Platte, and Hays the losses have 
been small. At the other seven stations they have been sufficiently 
great to discourage the hope of changing them to profits by the exten- 
sion of the record or by the adjustment of value or cost. 

Green manuring for barley has been tried at only two stations, 
Huntley and Hays. At Huntley, where it was in comparison with 
only spring plowing and disking corn ground, it gave the highest 
yield. This average is the highest resulting from any method at any 
station. The record, however, is for only two years. At Hays the 
yield from this preparation has been higher than that on land from 
which a crop was harvested, but not as high as on summer-tilled land. 

CORN. 

In Table VI are assembled the average yields of corn produced by 
each method at the several stations. The profits or losses attending 
the use of each method in the production of corn are also shown. 

Table VI shows that during the years covered by this work cred- 
itable average yields of grain have been obtained from all methods 
at Huntley, Williston, Dickinson, Scottsbluff, North Platte, and 

Akron, and from one method at Belle Fourche and Dalhart. No 
grain has been produced at either the Judith Basin station or at Gar- 
den City. 

The corn is harvested either when mature or when growth is stopped 
by frost. Itis cut with a binder and shocked in the field. The shocks 
stand until cured, usually about a month. They are then weighed, 
and the sound corn, if any, is husked and weighed. Where sound corn 
is produced, the yield as tabulated is given in bushels as ‘‘Grain.”’ 
The term ‘‘Stover’’ ‘1s used to show the total weight when no grain is 
produced and the difference between the weight of the grain and the 
total weight when corn is husked. The grain weights are converted 
into bushels on the basis of 70 to 75 pounds per bushel, depending 
upon the dryness at the time of husking. 

There has been little difference in the average yields from the differ- 
ent cultural methods in use at Williston, Edgeley, Hays, and Ama- 
rillo. At Dickinson, Belle Fourche, and Dalhart, the only method of 
preparation giving yields departing far from the others has been 

1Jn the tables of this bulletin only the term ‘‘stover” is used because the ecrn was husked whenever 

marketable or whenever it was produced in sufficient quantity to warrant husking. In cases where the 

yield of grain was not sufficient to warrant husking, the term ‘“‘fodder’”’ would be more exact. 
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At Dickinson this method has been responsible for 
a decrease and at Belle Fourche and Dalhart for an increase in yields. 

TasBLe VI.—Average yields and digest of cost of production per acre of corn by different 
methods of tillage at thirteen stations in the Great Plains area. 

| Fall plowed 
after— 

Points covered. 

Small Corn grain 

Yields per acre: 
Number of plats. - 5 45 

Judith Basin..4 Grain. -.-bushels. - 0 0 
Stover. -pounds..|5,744 |5,275 

rp Number of plats. . 2 12 
Huniley.....- Grain...bushels..| 14.0 19.4 

Stover. -pounds. .|1,380 {1,497 

Number of plats. . 5 20 
Williston... .- Grain...bushels..} 15.3 12.8 

Stover. .pounds..}5,542 1,743 

Number of plats. - 6 24 
Dickinson...-.- Grain...bushels..} 19.9 20.6 

Stover. -pounds..|2,105 |2,144 

Number of plats. . 8 40 
Edgeley.. -4 Grain...bushels.. 7.0 8.2 

Stover. .pounds. .|3,039 {8,201 

Number of plats. . 6 24 
Belle Fourche.; Grain...bushels..}| 10.0 8.1 

Stover. .pounds..}2,288 1,655 

Number of plats. . 3 27 
Scottsbluff ....4Grain..bushels..} 30.1 24.5 

Stover.-pounds..}1,753 |2,516 

Number of plats. . 8 72 
North Platte. .4 Grain... bushels. . 18.2 13.3 

Stover. -pounds. .|2,383 |2,143 

Number of plats. . 6 72 
Akron. . -{Grain...bushels..} 20.0 12.9 

Stover. pounds. .|2,292 1,769 

Number ofplats. . 6 24 
WISyS-3.- 225222 Grain... bushels. . 6.2 5.5 

Stover. pounds. .|3,226 |3,512 

Number of plats. . 5 55 
Garden City. .4 Grain... bushels. . 0 0 

Stover. -pounds..|3,020 {2,768 

Number of plats. . 6 72 
Dalhart......- Grain... bushels. . 8.6 7.3 

Stover. .pounds..|2,711 2,569 

Number of plats. . 7 77 
Amarillo...... Grain... bushels. . 5.8 5.4 

\Stover. -pounds. .|2, 491 2,301 

WOBPIOL PLOOUCTION . o.oo co caivacecnc esa $7.49 $7. 49 
Profit or loss (—): 

PUMA ABN 2 25757 cacti ckl toons 4.00 3.06 
PAMITICIO, So ocd nad nose nos makes cele 87 3.26 
WESRUISUON see cee eee eS kes 9.71 | 11.92 
PRC BOTT Sud Os cSt kasi as Le ees 4, 67 5.04 
ITO PROT CERES Pree 1.38 2.19 
BGG WOPTCUO o's cckowssrcise neon! 1.09 | — .94 
BOOUSBD IU occ zsa cn sone es ceanee ee 8.06 7.34 
MAME ELL DIGtLO u's Sas cactoadosraees 2 4.56 2.12 
PMELINU sw cp tuise costa cat emus a | 5.09 1,21 
LE Se Se eee eee er eee 1.44 1.73 
EGE 0 i Re FO eee —1.45 | —1.95 
UC: RO SO Ere ee 1.37 57 
STPAEINO gions tas deny’ aso ueiade oe — .19| — .738 

Spring plowed 
after— 

Small 
Corn grain 

5 80 
0 0 

6,002 {5,193 

2 32 
21.8 Done) 

1,375 {1,654 

5 60 
15.1 14.1 

5,780 |6,537 

6 96 
21.5 19.8 

2,362 |2,408 

8 160 
Mos} 8.4 

3,129 (3,245 

6 102 
9.8 7.8 

2,145 1,724 

3 60 
27.9 27.5 
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Between the yields following fall and spring plowing, there is little. 
general difference to be noted except at Huntley and Scottsbluff. At 
Huntley spring plowimg has been better than fall plowing. At Scotts- 
bluff fall plowing has been better than spring plowing where corn 
follows corn and poorer than spring plowing where corn follows small 
grain. 

At some stations more difference is to be noted as a result of crop 
sequence than as a result of difference in time of plowing. At Huntley 
corn has been better after small grain than after corn. At North 
Platte and Akron corn after corn on both fall-plowed and spring- 
plowed land has been markedly better than corn after small grain. 

It appears that the yields of fodder reported from the Judith Basin 
Field Station and from Williston are abnormally high. While the 
yields have generally been good at these stations, it is doubtful 
whether they have been as much higher than those at some of the 
other stations as these figures indicate. It is probable that m the 
years showing excessively high yields the crop had not been well dried 
at the time of weighing. 
A very striking fact brought out is the uniformity in the amount of 

stover or fodder produced, by all methods at the stations in Montana 
and North Dakota. So far as the production of rough feed is con- 
cerned, there appears very little difference in the yields from the 
various methods on which to make a choice. South of North Dakota 
there is a general agreement of heavier yields of stover or fodder where 
corn follows corn than where corn follows small grain except at Scotts- 
bluff, where the yields have been heavier after small grain than they 
have been after corn. 

Small differences in stover yields are to be noted between the results 
following spring and fall plowing. On the whole, the average yields 
by the two methods are almost the same. 

The most noticeable effect resultmg from cultural practice is the 
very marked increase in the yields of stover resulting from growing 
corn on summer-tilled land at the more southern stations—Garden 
City, Dalhart, and Amarillo. Only small increases in yields attended 
this practice at Scottsbluff, North Platte, and Hays. 

Subsoiling has not markedly affected ane yields, except at ‘Akron, 
where it tes decreased them. 

Listing has materially increased yields at Huntley and at Dalhart. 
At the other stations the effect has not been marked. 

Table VI shows that corn is relatively much less profitable at Belle 
Fourche, Garden City, Dalhart, and Amarillo than at the other 
stations. 

Scottsbluff is the only station where summer tillage as a preparation 
for corn has shown the most profit of all methods. At most of the 
stations this has been the least profitable method. It has resulted 
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in actual loss at Judith Basin, Dickinson, Edgeley, Belle Fourche, 
Hays, Garden City, and Amarillo. 

Another fact shown is the greater profit derived from the growth 
of corn after corn over corn after small grain at Akron and North 
Platte, and from corn following small grain over corn following corn 
at Huntley. 

Listing has been tried at nine stations. Except at Scottsbluff and 
Akron it has been the most profitable method under trial. As has 
been pointed out, the relative profitableness of this method has been 
largely due to its low production cost rather than to increased yields. 
A careful reading of the data given in Table VI will show that corn 

can not be profitably grown as a grain or cash crop in large portions 
of the Plains. At only 5 of the 13 stations have the grain yields been 
sufficiently large to indicate a possibility of the crop being profitably 
produced for the grain alone. At Huntley, Dickinson, Scottsbluff, 
North Platte, and Akron, enough grain has been produced by some 
methods to pay the cost of production and show small profits. Taken 
as a whole, however, the data show that in order to realize the full 
profit corn should be considered as a feed crop. To pay the cost of 
production, in many sections it is necessary to utilize the roughage 
produced. When this is done, the corn crop shows a profit at all sta- 
tions except Garden City and Amarillo. It should therefore occupy a 
permanent place in the rotation except in the extreme southern por- 
tion of the area, as it leaves the soil in good condition for the crops 
that follow it. 

MILO AND KAFIR. 

The area to which milo and kafir are adapted has been shown in a 
previous publication.. Experimental work in methods of production 
of these crops has been done at Akron, Colo.; Hays and Garden City, 
Kans.; Dalhart and Amarillo, Tex.; and Tucumcari, N. Mex. 

The latitude and altitude at Akron combine to make conditions 
generally unfavorable for either milo or kafir, In the production of 
grain they can not compete with corn. In the production of forage 
they can not compete with sweet sorghum. 

At Hays both milo and kafir are of great value. The small area of 
the plats in the experimental work has subjected them to influences, 
such as ravages of insects, that are not generally experienced under 
field conditions. The data that have been obtained are not sufficient 
to permit adequate comparison either of results from different meth- 
ods or of these crops with others. 

At Tucumcari the work has not been carried on for a sufficient 
length of time to obtain averages that warrant the drawing of con- 
clusions. Results from Akron, Hays, and Tucumcari are, therefore, 
not included in the tables. 

1 Farmers’ Bulletin 322, by Carleton R. Ball and Arthur H, Leidigh. 
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Table VII presents for milo and kafir the average results of growing 
these crops under various methods at Garden City, Dalhart, and 
Amarillo. The average yields of both grain and stover at these sta- 
tions by each of the methods under study and also the profit or loss 
resulting from raising the crop are shown. 

Taste VII.—Average yields and digest of cost of production per acre of milo and kafir by 
different methods of tillage at three stations in the Great Plains area.} 

Fall plowed. 

Spring plowed,| Listed, milo 
milo after milo,| after milo, Summer tilled. 

Milo after milo,| After small | kafir after kafir.| kafir after kafir. 
Pomtecovercds kafir after kafir. grain. 

Be gd | 5 a3 gq | 5 Z¢ gd | 5 Be d|s ag a | 3 
Belg | 8 |Bale| 6 ([8e/e]6 |#e/a] 5 |Bels | & 
FAN Oy tay NPA NIG ia PAS GS im Wasi | aN || © | 

Yields of milo: Bus. | Lbs. Bus.| Lbs. Bus.| Lbs. Bus. | Lbs. ‘Bus. | Lbs. 
Garden City....... 6| 8.8]2,152| 10) 10.5/2,556] 6] 6.2/1,873| 6] 8.8]2,036).....|.....|.-..- 
Dalhant ees see 6} 22.1/3,995| 10) 11. 6/3, 188 6} 21. 2/4, 065 6} 24. 8/3, 575 6} 36. 6/5, 938 
Joes 5555505 7; 20. 4|2,920} 14] 23.1/3, 286 7| 21.1}2,626} 10} 20. 9/2, 313 3} 17. 1/3, 463 

Yields of kafir: 
Garden City....... 6| 6.6/3, 262) 10] 6.9/4,229] 6] 4.7/2,910} 6] 4.5/2,943].....].....|..--- 
Dalharteeeess-eeee 6] 13. 9)5, 352 10) 4.7/4, 230 6] 9.7/5, 287 6] 16. 9/5, 605 6} 31.1)9, 992 
Amarillo.......... 7| 11.3)/4,422) 14] 12.2/5,387 7| 10. 2/3, 824 10} 9.3/3, 207 3] 2.3/4, 427 

Cost of either crop..... $7. 44 $7. 44 $7.06 $5. 93 $12.31 
Profit or loss (—) on 

milo: 
Garden City....... 38 2.07 —.83 pest el Pe Shae 
Dalhartes sean 9.39 3.56 9.55 11.14 14.21 
JAmarillopesessee ee 6.56 8.37 6.63 7.06 1.46 

Profit or loss (—) on 
kafir: 
Garden City......- 1.72 3.78 . 64 oI (legen tentle ne = 
Dalhart Sa 8. 82 2.90 7.39 12.04 20. 11 
Amarillo 5.92 2 4.67 4.20 —2. 54 

1 Number of years averaged: At Garden City and Dalhart, 6; at Amarillo, 7. 

Both milo and kafir have given higher average yields than corn at 
each of these stations. They have also been safer crops, having made 
crops of grain, in some years when. corn did not. They have also been 
more responsive to cultural operations, thus proving their better 
adaptation to conditions. On the sandy lands of this area corn 
makes a better showing in comparison with these crops than it does 
on the heavy, tight lands. On these latter soils corn has little place 
in this section. Where a comparison is made between milo and kafir 
it is seen that milo has produced more grain than. kafir and that kafir 
has produced more roughage than milo. Kafir, however, has shown 
a somewhat greater response to methods that increase the yields, such 
as summer tillage. When equal values are assigned to the grain 
and to the roughage from each of the crops, the total return is gen- 
erally about the same from each. At Garden City the grain crop 
alone has not been sufficient to pay for the cost of production. At 
Dalhart both crops have produced sufficient grain by all methods to 
pay a profit. At Amarillo milo has returned a profit from the grain 
alone by some methods. The crop of kafir grain at this station has 
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not been sufficient from any method to pay the cost of producing the 
crop. 
When a value, believed to be a conservative one, is assigned to the 

fodder, both crops show a profit from nearly all methods under trial 
at all the stations. The only two exceptions are milo following milo 
by spring plowing at Garden City and kafir by summer tillage at 
Amarillo. This latter has been on trial for only three years, all of 
which have been relatively unfavorable. At Garden City and at 
Amarillo the yields of both grain and fodder from both milo and kafir 
have been greater following small grain than following themselves 
on fall plowing. At Dalhart the reverse has been true except in the 
case of kafir forage. 

Fall plowing has generally been a better preparation than spring 
plowing for both crops. At Amarillo the results with milo show little 
difference. 

The yields following listing have not generally departed far in 
either direction from those on similar land spring plowed. The most 
marked departure is an increase in the yield of kafir as a result of 
listing at Dalhart. 
Summer tillage as a preparation for these crops was not included 

in the experiments as originally outlined for Garden City. This 
defect has been remedied, but results of value have not yet been 
obtamed. At Dalhart it has been the most productive and profitable 
method under trial. At Amarillo this method has been under trial 
for only three years. The results presented are not comparable with 
those from other methods. The data at hand indicate that marked 
increases in yields may be expected. 

TILLAGE PRACTICES. 

In the preceding pages data have been presented and discussed on 
each crop separately. The data and the experience gained and 
observations made during the investigations indicate that certain 
tillage practices are more or less general in their application. These 
will now be considered in their general application without reference 
to individual crops. 

PLOWING AND ITS SUBSTITUTES. 

In these investigations it has been assumed that the land should 
always be plowed for all crops following small-grain crops, except 
when it is ridged with a lister in the fall and cultivated down level 
in the spring without the use of the plow or when cultivated crops are 
planted with the lister. The practice of disking in small-grain crops 
on the stubble of the previous small-grain crop without plowing has 
not been tested sufficiently to warrant any definite recommendation 
at this time. This is a method that is sometimes resorted to in some 
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parts of the Great Plains on account of its low cost, and it might be 
justified under certain circumstances. If this method were practiced 
it would undoubtedly be necessary to grow intertilled crops at. fre- 
quent intervals in rotation with small grain to avoid damage from 
weeds, insects, and diseases, which would soon reduce crop yields. 

WHEN DISKING MAY BE SUBSTITUTED FOR PLOWING. 

These investigations have shown that when the corn crop has been 
grown on properly prepared land and kept free from weeds, the land 
does not require plowing in preparation for a following crop of small 
grain. Wheat, oats,-and barley have usually given better yields on 
disked corn land than upon land that has been plowed. This, to- 
gether with the fact that disking is cheaper than plowing, makes 
disking corn land generally the most profitable method of preparation 
for small grain. Disking potato land is probably as good a prepara- 
tion for small grain as disking corn land and there are undoubtedly 
other intertilled crops, such as peas, beans, and peanuts, that will 
serve the same purpose. The sorghums, however, do not leave the 
ground in as favorable a condition for the crop that is to follow as the 
other crops mentioned. 

USE OF THE LISTER IN THE FALL. 

The practice of ridging with a lister as a substitute for fall plowing 
and cultivating down level without the use of a plow in the spring 
has been tested at most of the stations as a preparation for all of the 
small-grain crops considered in this bulletin except winter wheat. 

It has usually produced as good or better yields than fall plowing. 
Its lower cost has made it in many instances nearly or quite as profit- 
able a method as disking corn stubble. In addition to its low cost 
it has the advantages of catching and holding the snow and checking 
soil blowing during the winter and of arresting run-off. 
When the lister is used in preparing land for winter wheat, the 

listing is done immediately after the harvest of the preceding 
crop. The soil is worked down level, usually with a disk, in late 
summer or early fall, and then seeded with an ordinary grain drill. 
Very little differences in average yields between listing and plowing 
have been noted except at Hays, where the advantage is in favor of 

_ listing. 
PLANTING WITH THE LISTER. 

When the lister is used for planting corn, kafir, and milo, the land 
is left undisturbed from the time of harvesting the preceding crop 
until planting time the following spring, when the crop is planted 
with a lister. The ridges are then cultivated down level during the 
growth of the crop. At Judith Basin, Huntley, Belle Fourche, and 
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Dalhart, listing has produced markedly better yields than surface 
planting. At Scottsbluff, Hays, Garden City, and Amarillo there has 
been little difference. At Akron the advantage has been decidedly 
in favor of surface planting. 

THE OBJECTS SOUGHT BY PLOWING. 

The principal objects which are sought by plowing and the subse- 
quent preparation of the soil are to prepare a suitable seed bed for the 
germination of the seed and the early growth of the seedling, to make 
the surface soil more receptive to water falling as rain or snow, and 
to prevent the growth of weeds. It is also important to have the 
surface of the soil in such condition that it will neither blow when 
exposed to high winds nor puddle when subjected to heavy beating 
rains. The latter considerations are of special importance when a 
period of several months intervenes between plowing and seeding, as 
in the case of summer tillage or of early fall plowing for spring-sown 
crops. The surface should then be left in a rough, cloddy, or ridged 
condition and a fine dust mulch avoided. 

DEPTH OF PLOWING. 

The data submitted and discussed in this bulletin show that sub- 
soiling has failed to give the most profitable yields of either spring or 
winter wheat, oats, barley, or corn, at any of the stations where it has 

been tested. These results are in accord with those of other investi- 
gations with deep tillage that have been conducted by the Office of 
Dry-Land Agriculture. The evidence so far obtained from the 
investigations goes to show that nothing is gained by stirring the soi] 
to a depth greater than is done by ordinary plowing 8 inches or less 
in depth. 

HOW AND WHEN TO PLOW. 

The comparative average yields from fall and from spring plowing at 
each station for corn, spring wheat, oats, barley, milo, and kafir have 
shown but small differences. As the land requires plowing for all 
annual crops except in those cases above noted, and as plowing is an 
expensive operation, it is a question of great economic importance as 
to how and when this plowing should bedone. Much has been written 
upon this subject and many theories have been developed and advo- 
cated, but the investigations conducted in the Great Plains by the 
Office of Dry-Land Agriculture seem to show conclusively that no set 
rule can safely be followed. The best practice seems to be to do a 
good, clean-cut, workmanlike job of plowing to a depth of 4 to 8 inches 
when the soil is in proper condition and the work can be done to the 
best advantage, taking into consideration the most economical dis- 
tribution of labor throughout the year. 
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ACCESSORY TILLAGE. 

Under the heading of accessory tillage may be included three dis- 
tinct practices: (1) Summer tillage, or the tillage of an uncropped 
fallow field during an entire season; (2) shallow tillage after the crop 
is removed at harvest and before seeding in the following spring; and 
(3) the cultivation of an intertilled crop, like corn or potatoes, during 
the earlier part of the growing season. Hach of the three practices 
above mentioned can again be subdivided into two groups, namely, 
tillage for the destruction of weeds and tillage for improving the 
physical condition of the soil. 

DESTRUCTION OF WEEDS. 

The destruction of weeds is nearly always desirable, as under dry- 
farming conditions weeds are one of the most serious obstacles to suc- 
cessful crop production. When summer tillage is practiced on a 
bare fallow during the entire season, cultivation should be frequent 
and thorough enough to destroy all weeds before they attain sufficient 
size to transpire appreciable quantities of water or to reseed them- 
selves. This tillage will also keep the surface in a condition sufh- 
ciently loose and open to allow the rain that falls to penetrate it. 
When the soil becomes well filled with water early in the season and 
additional rains can reasonably be expected, it may sometimes be 
desirable to allow the weeds to attain a larger growth and then plow 
them under in order to provide additional organic matter in the soil, 
but it must be borne in mind that this gain in organic matter is made 
at the expense of the soil moisture. 

Tables II to VII show that summer tillage is, with the exception of 
ereen manuring, the most expensive and least profitable method under 
trial, Exceptions are to be noted in the case of kafir and milo at 
Dalhart, corn at Scottsbluff, and winter wheat at North Platte and 
Huntley. 

The purpose of summer tillage is accomplished by the prevention 
of vegetative growth rather than by the maintenance of a mulch. 
Numerous experiments made in connection with this work have fur- 
nished an abundance of evidence that when vegetative growth is 
restrained the loss of water from a mulched surface is practically the 
same as from an unmulched one. 

The cheapest and most efficient methods of weed destruction 
necessarily form a soil mulch. The results accruing from the pre- 
vention of weed growth have been very generally attributed to the 
mulch itself when the mulch is, in fact, only incidental. 

Tillage for the purpose of destroying weeds after harvest is war- 
ranted only in those exceptional cases when sufficient water remains 
in the soil to start weed growth after harvest or when heavy rains 
come soon after. In such cases early fall plowing is the most effective 
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method of destroying the weeds and thus saving the moisture that 
would be used by them if allowed to grow. The same object may be 
accomplished by disking soon after the weeds have started. This 
method has the advantage of being more rapid than plowing, thus 
making it possible to cover more ground with the same number of 
teams and men. But as the land will have to be plowed before 
another crop is sown, the labor of disking is mostly lost, although the 
labor of plowing the disked land may be somewhat less than if it 
were not disked and a better job of plowing may sometimes be done 
on the disked land. The cost of early fall plowing or disking, when 
the weather is hot and the men and teams are needed for stacking, 
thrashing, and hauling grain, is greater than later in the fall, when 
the weather is cooler and there is less other work for men and teams. 
All of these facts should be taken into consideration before going 
to the extra expense of tillage to kill weeds immediately after harvest. 

Spring plowing or disking, as soon as the weed seeds have ger- 
minated, is usually a profitable practice. Where small grain is to be 
sown, the sowing should be done soon after plowing; but where corn, 
potatoes, or the sorghums are to be grown there is often a period of 
several weeks between the time of the germination of the weed seeds 
and the time when the season is sufficiently advanced to plant the 
crop. ‘This period should be utilized as far as possible for the destruc- 
tion of weeds before the crop is planted. Much labor in keeping the 
crop free from weeds during its growing period can thus be saved. 

Harrowing small grain for the destruction of weeds after the grain 
is sown and until it has reached a height of 3 or 4 inches may some- | 
times be practiced to advantage. Experimental evidence does not 
show it to be generally profitable. Harrowing corn and potatoes 
after planting and until the young plants have attained a height of 
2 or 3 inches is quite generally practiced to advantage. 

It is absolutely essential for the most profitable growth of corn, 
potatoes, the sorghums, and, in fact, all the intertilled crops, that 
sufficient tillage be given to keep the growing crop free from weeds 
until the plants have attained such growth that they will be seriously 
injured by the cultivators or the horses. 

IMPROVING THE PHYSICAL CONDITION OF THE SOIL. 

As has been already shown, accessory tillage for the destruction 
of weeds usually will accomplish all that can be accomplished by 
tillage in keeping the soil in proper physical condition during tho 
intervals between plowings. There is, however, one exception, 
namely, the accessory tillage immediately preceding the seeding of 
the crop for the purpose of preparing a suitable seed bed. ‘The 
small-grain crops require a mellow surface and a firm condition of the 
soil below. In order to bring about this condition it is generally 
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necessary to resort to either harrowing or disking, or both. The 
deeper the plowing, the more thorough should this preparation be. 

In the planting of corn, potatoes, and most other intertilled crops 
generally grown in the dry-farming regions, this accessory tillage 
between plowing and planting is not so essential. These crops do 
not require as firm a seed bed as the small grains, and there is also a 
better opportunity for such tillage immediately after the crop has 
been planted. Moreover, it has been found that when the plowing 
has been properly done, better germination and growth are generally 
secured where there is little or no stirring of the soil between plowing 
and planting except such as 1s necessary for the destruction of weeds. 

REGIONAL ADAPTATION OF CROPS. 

Spring wheat is adapted to the northern portion of the Great Plains. 
Its growth in North Dakota and Montana has been quite generally 
profitable in all years when seasonal conditions permitted the profit- 
able production of any crop. Spring wheat is adapted, though in a 
somewhat lesser degree, to conditions in western South Dakota, west- 
ern Nebraska, and eastern Colorado. It has not shown itself to be 

adapted to conditions in western Kansas, Oklahoma, Texas, and 

northeastern New Mexico. 
Winter wheat will tend to replace spring wheat where it can be 

successfully grown. It has proved to be adapted to conditions in 
Montana, some parts of South Dakota, Nebraska, Colorado, and the 
major portion of Kansas. In southwestern Kansas and northwestern 
Texas it has not been profitably produced. It has given higher yields 
than spring wheat at Huntley, Belle Fourche, Scottsbluff, North 
Platte, Akron, and Hays. 
_ Oats are better adapted to conditions existing in Montana and 
North Dakota than to those of any other sections of the Plams in- 
cluded in these investigations. They have been profitably grown by 
some method at Belle Fourche, Scottsbluff, North Platte, Akron, 
Hays, and Amarillo, but they have shown markedly less adaptation 
to the conditions at these stations than to those farther north. They 
are not at all adapted to conditions such as have existed at Garden 
City and Dalhart. 

Barley, like spring wheat and oats, is better adapted to the northern 
than to the southern portion of the Plains. At North Platte and 
Akron it is less adapted but has been profitably produced. At Belle 
Fourche and Scottsbluff its growth is a questionable practice. In 
most of western Kansas and northwestern Texas its growth should 
be discouraged. 

Corn has been grown at all the field stations in the Plains area. At 
only five stations, Huntley, Dickson, Scottsbluff, North Platte, and 
Akron, has it shown possibilities for profitable production as a cash 
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grain crop. As a feed crop, which includes the utilization of both 
roughage and grain, it can be profitably grown in all sections north 
of the southern line of Nebraska and in eastern Colorado. In the 
northern portions of western Kansas it will compete with the sorghums 
as a feed crop. South of central Kanass some of the sorghum crops 
have been more profitable than corn. 

Milo and kafir for both grain and feed are well adapted to conditions 
m western Kansas, western Texas, Oklahoma, and eastern New 

Mexico. 
CONCLUSIONS. 

These investigations furnish strong presumptive evidence upon 
which to base the following conclusions: 

(1) When the climatic conditions are-as favorable as those often 

experienced in all parts of the Great Plains area on all the types of 
soil represented at the 14 stations, profitable crops can be produced 
by any one of several different cultural methods such as are in com- 
mon use. 

(2) When the climatic conditions are as unfavorable as those often 

experienced in all parts of the Great Plains area on any of the types 
of soil represented, no profitable crop of any kind so far tested can be 
produced by any of the cultural methods that have been under 
investigation. 

(3) Under the normal conditions prevailing in any part of the Great 
Plains for a term of 10 years on any type of soil represented at any of 
the stations, some crops can be produced at a profit when proper 
cultural methods are practiced, provided that the prices of labor and 
of farm produce bear the same relation to each other as those which 
have prevailed there during the last 10 years. 

(4) No single crop tested in these investigations can be raised 
profitably in all parts of the Great Plains area on any type of soil by 
any cultural method so far tested. 

(5) As forage crops of some kind can profitably be grown at al] 
stations, they must occupy an important place in any system of farm- 
ing adapted to the Great Plains. Sufficient live stock must be kept 
to convert these crops into finished products on the farm, and suf- 
ficient forage must be produced and stored during favorable seasons 
to carry the live stock through specially unfavorable seasons. 

(6) Good farming is as essential to success in the Great Plains 
area as elsewhere. Good farming means practicing the best methods 
of producing the largest crops at the lowest relative cost of production 
and leaving the soil in the best condition for the production, of subse- 
quent crops. Good farming may involve methods either intensive 
or extensive, either expensive or inexpensive; and it must be practical 
and economical as well as scientific and thorough in order to be good 
farming. It is just as poor farming to go to too much expense as it 
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is to go to too little expense to accomplish a given result. These 
investigations show that the largest net profits have usually been 
obtained from crops raised by cultural methods involving a low cost 
of production rather than from high yields obtained under methods 
involving a high cost of production. Lessening the cost of production 
without proportionally lessening yields should therefore be given 
first consideration. In other words, extensive rather than intensive 
systems of farming should be followed. 

(7) Different types of soil and different combinations of climatic 
conditions require different cultural methods and different combi- 
nations of crops to produce the most profitable results. 

(8) The personality of the farmer and his family; the size, location, 
soil, and environment of the farm; market facilities and prices; the 
available capital, in cash, labor, or equipment, may any or all be- 

determining factors in the problem of profitable dry farming in the 
Great Plains area. , 

(9) Dry farming in the Great Plains area, in common with all 
farming, to be successful must be systematized, and in order to 
accomplish this, some definite rotation of crops should be established. 
In planning such a rotation, due consideration should be given to all 
the factors here enumerated, as they apply to each particular farm 
and farmer. With these considerations clearly in mind, it is believed 
that no intelligent farmer will experience any great difficulty in adopt- 
ing a system of crop rotation and farm organization that will be better 
adapted to his conditions than any that could be proposed by anyone 
less familiar with these conditions than is the farmer himself. 

WASHINGTON : GOVERNMENT PRINTING OFFICE ; 1915 
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INTRODUCTION. 

In 1902 the United States Department of Agriculture gathered and 
compiled the first statistics regarding farmers’ institute work in the 
United States and each succeeding year it has published a report of 

the Farmers’ Institute Specialist showing the extent and progress of 
this movement. A review of these reports shows a continuous and 

steady growth in the number of institutes held each year and also in 
the attendance at the meetings. Until recently, the farmers’ insti- 
tute was the great and for 25 years practically the only organized 
movement for carrying on agricultural extension work. In the ma- 
jority of States this work was originally under the direct control of 
the State departments of agriculture, but in other instances it was 

vested in the agricultural colleges. In either case the agricultural 

colleges were active in contributing to its support and have always 
furnished a large proportion of the institute lecturers. A few years 

ago the agricultural colleges began to devote an increasing amount 

of attention to farmers’ institutes, and, later, to other phases of agri- 

cultural extension, and thus gradually become a major factor in the 

organized agricultural extension movement carried on by agencies 

other than the United States Department of Agriculture. 

Notre.—This publication is of interest to farmers’ institutes and other agricultural ex- 

tension workers in the United States and Canada. 

96281°—Bull. 269—15-———1 
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Meanwhile a much broader system of agricultural extension work 
has been developing in the United States through the work of the 
United States Department of Agriculture and the State agricultural 
colleges. In consequence of the passage of the Smith-Lever Act 
closer cooperation between the department and the colleges has been 
effected and the organization and scope of the extension work of 
these institutions is being changed and strengthened in many ways. 
This is affecting the relations of the colleges with the farmers’ insti- 
tutes and will undoubtedly modify in a broad way the future char- 
acter and status of farmers’ institute work in this country. 

This report covers the progress of farmers’ institutes conducted by 

the States and the agricultural colleges during the fiscal year ended 
June 30, 1914, and also contains notes on agricultural extension work 
in foreign countries. It brings the history of farmers’ institutes in 
the United States up to the time of the inauguration of the Smith- 
Lever Extension Act. 

GENERAL STATUS OF FARMERS’ INSTITUTES IN THE UNITED 
STATES. 

Farmers’ institute reports for the season of 1914 were received 
from all the States except Iowa, and institutes were held in all the 
States except Louisiana, Nevada, New Mexico, and Oklahoma. 

The total number of sessions of farmers’ institutes held during 
the year was 25,238, which is a 22 per cent increase over any pre- 
vious year, while the total attendance at the same was 3,656,381, 
which is an increase of 26 per cent over that of any previous year. 
The total number of days devoted to institutes, exclusive of inde- 

pendent, round-up and special institutes, and railroad specials, was 
52,354, while about 3,000 days additional were devoted to the other 

activities. The institute organization employed 759 regularly paid 
lecturers, in addition to which the agricultural colleges and experi- 
ment stations contributed the services of 528 members of their staffs 
a total of 7,142 days. Institutes especially for women were held in 
13 States a total of 880 days and 5 States held special institutes for 
young people a total of 241 days. 

The farmers institute organization conducts its work under many 
different forms, thus making it impossible to summarize all its 
activities under single heads. Hence, a clear idea of all its activities 
can only be had by consulting the detailed tables (pp. 16-21) accom- 
panying this report. Thus, besides ordinary farmers’ institute meet- 
ings, the farmers’ institutes in 13 States conducted a total of 219 
movable schools, lasting a total of 1,464 days, with a registered at- 
tendance of 112,498 different people. In 15 States they also car- 
ried on field demonstration meetings for which purpose 185 demon- 
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strators were employed a total of 40,084 days. Likewise, in 17 
States, the institute organizations also conducted a total of 34 rail- 
road specials which covered altogether 17,766 miles, during which 
1,141 stops were made and lectures and demonstrations given a total 
of 474,906 different people. 

It should be noted that the attendance at field demonstration meet- 
ings has not been recorded at all; that the attendance at movable 
schools contains no duplicates of individuals whatever, neither does 
the attendance at railroad specials, but that the total attendance at 

ordinary institute meetings represents the sum of the attendance at 

each half-day séssion and therefore may include an indeterminate 
number of duplicates of individuals in attendance at each institute 
if more than one session was held. The statistics of farmers’ insti- 
tutes has always been gathered and compiled in a similar manner, 
and hence a comparison of the activities of one year with those of 
another are rendered possible. 

The total cost of conducting all forms of farmers’ institutes was 
$447,897.51, which is $62,886.49 less than was spent last year. Since 
this reduction in the cost of institutes was accompanied with a large 
increase in the number of sessions and the people instructed, it clearly 

indicates a great improvement in the financial management of the 
institutes. 

STATE FARMERS’ INSTITUTE REPORTS. 

Numerous items of interest showing the progress of the work, but 
which are incapable of tabulation appear in the reports of the direc- 
tors. In order that these features may be known by the body of 
workers, the principal points presented are referred to in the follow- 

ing accounts under the names of the respective States: 

ALABAMA.—At all institutes the boll weevil and live-stock industry were con- 

sidered. A one week’s round-up institute was held at the college of agriculture 

with an attendance of 716, which represented every county in the State. 

ALASKA.—No institutes were held in Alaska. The agricultural resources of 

the Territory are as yet undeveloped, and the few farmers are so scattered that 

it is considered impractical to try to get them together. There is need for 

itinerant instruction. 

Arizona.—Institutes were held in each county in the State. Three railroad 

instruction trains also covered a large part of the State. The following subjects 

were discussed at all institutes: Household helps, good roads, live stock on the 

farm, and dry farming. Boys’ and girls’ clubs, field demonstrations, and special 

institutes for women were new features on the institute program. 

ARKANSAS.—No appropriation was made for farmers’ institute work, but 

contributions amounting to $1,421 from various sections of the State, together 

with some college funds made it possible to hold 20 farmers’ institutes with an 

attendance of 1,610 and 24 movable schools with an attendance of 5,132, and to 

cooperate with three railroad-instruction trains. Twelve members of the college 

faculty gave 488 days of service. Hog cholera and Texas feyer ticks were dis- 

cussed at all institutes, 
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CALIFORNIA.—Owing to difference in climate, institutes were held every month 

in the year and in 41 of the 58 counties of the State. A feature of the work 

was the organization of young people’s agricultural clubs. Forty members of 

the college and experiment station staff gave 300 days of service. Fourteen 

thousand five hundred students at educational institutions received instruction 

from the institute staff. 

CoLorADo.—No appropriation was available, but college funds and contribu- 

tions for lecal sources made $2,596 available, which was used in the conduct of 

59 days of institutes. One instruction train made 31 stops with an attendance 

of 15,821. 

CoNnNECTICUT.—Thirty-three lecturers addressed 50 farmers’ institute sessions 

with an attendance of 2,750. An appropriation of $700 was available. 

DELAWARE.—Consolidation of rural schools was the leading topie at all of 

the 36 institutes held in Delaware. An instruction train carrying 11 lecturers, 

with exhibits, made 13 stops and was attended by 2,000 people. 

FLoripa.—The State appropriation was increased from $7,500 to $10,000. One 

hundred and thirty-two institutes, with an attendance of 15,676, were held. 

Twenty members of the agricultural college gave 692 days of service to farm- 

ers’ institutes. Plans are being made for holding special institutes for farm 

women during the coming year. 

GrorGIA.—Farmers’-institute work is closely related to other extension 

activities of the college. Twenty-five college and station men gave 1,426 days 

of service. The use of motion pictures was introduced into the institutes and 

proved a profitable feature. Seven movable schools enrolled 4,710. 

IpaHo.—Farmers’ institutes were held in every county in the State except 

one, which is wholly a mining county. 

ILLinoris.—The appropriation for farmers’ institutes was increased from 

$21,000 to $33,179.50. This will make possible material enlargement in the 

scope of the work. Sixty-five lecturers were engaged in farmers’-institute 

work in the State during the year. An annual conference of farmers’-institute 

workers lasting for one week has proven a profitable feature in organizing the 

work. 

InNDIANA.—In Indiana 428 institutes were addressed by 50 State and 200 

local speakers. Special attention was given to perfecting local organization, to 

the organizing of boys’ and girls’ school clubs, and to enlarging the usefulness 

of the institutes for farm women. Four conferences for. farmers’-institute 

workers were held preceding the institute season. 

IowA.—No report has been received. 

Kansas.—The Kansas farmers’ institutes are permanent organizations, with 

a total membership of about 15,000 farmers. In 1913 these organizations held 

an average of 3.38 monthly meetings in addition to the annual meeting, at 

which State lecturers are present. Hight women’s institutes and eight young 

People’s institutes, with an aggregate attendance of 8,721, were held. 

KENTUCKY.—The live-stock industry was emphasized in all institutes during 

the year, also a larger place on the program was given to subjects of particular 

interest to women. Considerable attention was given to strengthening local 

institute organizations. Fruit-spraying demonstrations were a feature of a 

large number of the institutes. 

LourIstana.—Farmers’-institute work in Louisiana is placed by statute under 

the direction of the commissioner of agriculture and immigration, but no 

appropriation has been available, though some work of similar nature has been 

done by the State college of agriculture and the experiment station. 

MAaIne.—Two institutes were held in each county in the State, at a cost of 

$2,300. Sixty-four State lecturers, in addition to local speakers, addressed 73 
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institutes with 138 sessions. Also 248 special institutes of one to two days were 

held with granges, cow-testing associations, breeders’ associations, and other 

organizations. 
MaryLanp.—Fifty-six general institutes and nine women’s institutes were 

held during the year, with a total attendance of 24,934. Three railroad instruc- 

tion trains made 58 stops and earried 12 lecturers, who gave instruction in 

dairying, live stock, soil fertility, truck gardening, horticulture, corn, tobacco, 

alfalfa, and home economics. An extension department of the agricultural 

college has now been organized, and the institute work will become a phase of 

this department under a regular farmers’-institute director. 

MASSACHUSETTS.—During the year the rules of the State board of agriculture 

were changed so as to require only one instead of three local institutes. This 

resulted in a number of places holding one big institute instead of a number 

of smaller ones. A continuous schedule for institutes increased effectiveness 

and reduced the per capita cost. Ninety-two State lecturers were engaged in 

institute work during the year. 

Micuiecan.—There was a substantial increase both in the number of insti- 

tutes and in the attendance. Special attention was given to alfalfa in the 

institute program. Special institutes for farm women continued to be successful. 

Study clubs for women were also inaugurated. A round-up institute at the 

agricultural college had an attendance of 12,300. 

MinnNesora.—No farmers’ institute organizations are maintained, but there 

are over 900 farmers’ clubs which cooperate in the farmers’ institute program. 

Special attention was given by the institute management to the organization 

and maintenance of these clubs. Institute workers gave 62 days’ service as 

judges at agricultural fairs and 234 days’ service as instructors in movable 

schools, 

Misstssipri.—tInstitutes were held in 69 counties in Mississippi. One rail- 

read instruction train was run which gave instruction in the various phases 

of the live-stock industry. The entire institute force was in attendance at the 

Mississippi-Alabama Fair and the Mississippi State Fair, with an agricul- 

tural exhibit. Very effective work was done in promoting better agriculture. 

Missovurt.—Owing to a change of administration complete data for farmers’ 

institute work is not available, but silage and alfalfa were discussed at 240 

institutes. Two hundred pounds of ground limestone were furnished free to 

each farmer who applied to the State board of agriculture. A State-wide cam- 

paign for the use of home products was conducted and illustrated lectures were 

introduced into the institutes. Much agricultural literature was distributed. 

Monvrana.—lInstitutes were conducted in each county in the State with a 

total attendance of 20,962. Twenty-one movable schools for men and six for 

women were held with a total attendance of 880. The county agents assisted 

greatly in increasing the efficiency of the institutes. Local leadership is given 

as the greatest need of the institutes in the State. 

Nepraska.—Nebraska held institutes in 71 of its 92 counties. Twenty-eight 

movable schools, most of which were for women and young people, enrolled 

2,532 persons. Short courses for women are being conducted during the sum- 

mer months. A dairy train was also operated. County demonstrations, hog 

cholera, and dairying were discussed at a majority of the institutes. 

Nevapa.—No farmers’ institutes were held in Nevada during the year. 

New Hampsuire.—Farmers’ institutes were held in every county in the 

State. The State institute Jaw was revised to provide for the holding of short 

courses in agriculture, under the direction of the institute force. Illustrated 

lectures and demonstration work were introduced in the farmers’ institutes, 
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NEW JERSEY.—Five thousand two hundred and twenty-nine dollars were 

used in conducting 52 general institutes and 16 special institutes with an 

aggregate attendance of 12,657. Seventeen members of the agricultural col- 

lege and experiment station gave 204 days of service. A successful farmers’ 

week was held at the agricultural college. 

New Mexico.—No institutes were held in New ies but an extension 

department has been organized at the agricultural college, and it expects to 

organize a number of institutes during the coming year. 

New Yorx.—Institutes were held in all the counties of the State except 

those comprised in. greater New York and one mountain county. One hundred 

and twenty-six special sessions for women were held with an attendance of 

6,003. A successful feature of the work was sheets containing questions on 

the topic being discussed. The questions were numbered and the audience 

called for answers to whatever questions they were interested in. One hundred 

special institutes were held in cooperation with the granges and the other 

agricultural association meetings. 

NortH CAROLINA.—An association for the conduct of institutes for women 

was organized to hold monthly meetings. Eight institutes were held for 

negroes with a good attendance. Institutes were held in 98 of the 100 counties 

of the State. 

NortH DaKota.—A new feature of the institute work was the introduction 

of farm inspection work. Z 

Ouio.—Institutes were held in each county in the State. A successful fea- 

ture of the work was the holding of preliminary conferences with the officers 

of the farmers’ institutes of each county with a member of the farmers’ insti- 

tute staff, at which time the people decided where institutes should be held 

and laid plans for conducting them. The total attendance at farmers’ insti- 

tutes was more than 110,000. 

OKLAHOMA.—Owing to an unusual situation in the State no appropriation 

was made for farmers’ institute work, though some work along this line 

has been done by the agricultural college. 

OREGON.—Special sessions of general] institutes were held for women. Many 

special agricultural lectures were also given to fairs, commercial clubs, women’s 

clubs, improvement associations, and to other organizations throughout the 

State. The institute work is closely related to the extension work. 

PENNSYLVANIA.—Institutes were held in each county in the State. The 

10. county agents in this State gave three months of their time to farmers’ 

institute work. In addition, 11 members of the agricultural college gave 55 

days of service. One hundred and fifty-four State lecturers were employed. 

Two railroad trains gave instruction in dairying, poultry, horticulture, and home 

economics. Large use was made of illustrated lectures at all the institutes. 

RHODE ISLAND.—Sixteen institutes were held at a cost of $445. The insti- 

tute staff also gave field demonstrations in the care of orchards and held an 

annual corn show and industrial contest for adult boys and girls. 

SourH CaroLtina.—In South Carolina the institute season is during July and 

August. A new feature of the work during 1913 was the holding of institutes 

on the farm, using the stock and field crops as illustrative material. All the 

work of instruction is by members of the faculty of the agricultural college 

and by county demonstration agents in the various counties. 

SoutH Daxota.—In addition to holding institutes in every county in the 

State, movable schools were a prominent feature of the work. Fifty-two of 

these were held, one-half of which were for women, with a total attendance of 

58,948. A railroad instruction train carried 15 lecturers and gave instruction 
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in alfalfa growing, hog cholera, and silo construction to 20,000 people. Ladies’ 

auxiliaries to the farmers’ institutes have been organized which, in the future, 

will hold institutes simultaneously with the regular institutes. 

TENNESSEE.—Six thousand two hundred dollars was available for the hold- 

ing of 126 institutes, including 27 for women. 

Texas.—Three hundred and eighty-five thousand, four hundred and forty 

people received instruction from the institute force during the past year. 

Special attention at the institutes was given to dairying, silos, hogs, poultry, 

and other live stock, insects and plant diseases, orchards and gardening, and 

marketing. Two demonstration trains made 225 stops and were visited by 

140,000 people. 

Utau.—In Utah the farmers’ institute work is a part of the extension work 

of the college. Fourteen members of the college faculty gave 168 days of 

service and conducted 577 farmers’ institutes. A railroad instruction train 

gave instruction in measurement and proper use of irrigation water, dairying, 

Silo construction, and stock raising. 

VERMONT.—Twenty-four general institutes with an attendance of 5,095 coy- 

ered all the counties in the State except one, at a cost of $592.45. Special 

lectures in agriculture were given at grange meetings, picnics, clubs, and other 

gatherings of farmers. 

Vircintra.—One hundred and thirty-one eae institutes with an attend- 

ance of 20,650 were held in 100 counties of the State. In addition, a large 

number of lectures on agriculture were given at special meetings with an esti- 

mated attendance of 11,000. Soil improvement, alfalfa feeding, hog raising, and 

home improvements were discussed at all the institutes. Agricultural literature 

was also distributed at the meetings. Four railroad trains made 77 stops and 

gave instruction in live stock, fruit growing, seed improvement, tobacco cul- 

ture, trucking, and home economics. 

WASHINGToN.—The farmers’ institute work is carried on by the regular ex- 

tension staff of the college. Seventeen thousand five hundred dollars was 

available for agricultural extension. No figures are available as to what part 

of this was spent on farmers’ institutes. 

West Vireinia.—Two hundred and forty-four institutes, with 61 separate 

sessions for women, were held in 41 of the 55 counties off West Virginia. 

Thirty movable schools, 16 of which were for women, enrolled 1,354. The use of 

lime was discussed at all of the institutes, and demonstration work was also 

a feature of the meeting. Seven thousand five hundred dollars was expended 

for farmers’ institute work. 

WISCONSIN.—Wisconsin held institutes in 68 of the 71 counties in the State. 

Special institutes in hog cholera and alfalfa were conducted, also normal insti- 

tutes for teachers. Forty two-day institutes for women enrolled a large 

attendance. A railroad instruction train was run in cooperation with the Live 

Stock Breeders’ Association of the State and gave instruction in dairying, 

alfalfa, and silage, hogs, sheep, and beef cattle industry. 

Wryominc.—Wyoming has no department of farmers’ institutes, but farmers’ 

institutes are conducted by the officers of the college and experiment station. 

Silo construction and home-economics subjects were features of the institutes 

held during the past year. 

AGRICULTURAL EXTENSION WORK IN FOREIGN COUNTRIES. 

The experience of foreign nations in conducting agricultural ex- 
tension work is of special interest to those in charge of similar work 
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in the United States, since this method of fostering agriculture has 
been in successful operation for many years in the older countries. 
The following notes, which are incapable of tabulation, were trans- 

lated and abstracted from current foreign journals received since the 
last report was written: 

F'rANcr.—Considerable emphasis is given to what is called the feminist 

movement in agriculture in France.’ In addition to the extension of instruc- 

tion in agriculture for girls in the regular schools, clubs of farm girls and 

women are becoming more and more numerous. The great agricultural so- 

cieties are opening their ranks to female collaborators. Everywhere rapid 

progress is being made in the technical and general education of the women 

who live on the farm. In 1914 there were 38 movable schools giving house- 

keeping instruction to 2,800 young girls. The program of these schools is ar- 

ranged according to the needs of the region in which they are held. In addi- 

tion to housekeeping subjects, the care of milk, the making of butter, and 

aviculture are taught. When a course is finished in a community, the teachers 

assemble the mothers and farm women for evening courses and lectures. 

Clubs of farm women are organizing institutes for farm women along the 

lines of those conducted in Canada and the United States. Also numerous com- 

petitions for farm women are held in aviculture and other lines of agriculture 

in which prizes valued at from $70 to $200 are awarded. 

The women’s section of the Society of French Agriculturists is now two 

years old, having been founded in 1912 to interest women in country life and 

to enable them to work out more efficiently their economic, moral, and social 

education. The first work of the section was to conduct a survey to ascertain 

the condition and needs of farm women, and its inquiries show clearly the © 

gravity of the rural crisis for which the “distaste of women for rural life” 

is largely responsible. This survey revealed the growing distaste of the young 

country woman for farm life; her extreme ignorance of housekeeping and farm 

work; her loneliness and her desire for recreation; and the need for her mental 

improvement. The section has founded five traveling housekeeping schools. 

Many clubs of farm women which were among the first independently estab- 

lished in France have associated themselves with the section. 

The National Society for the Encouragement of Agriculture, through a happy 

innovation, has just begun to allow female competition. In organizing the 

congress of the farm home, an effort has been made to show clearly, by the 

choice of the subject as well as by the personnel of the committee of organi- 

zation, that the rural crisis is worthy of consideration from the female point 

of view. 

Braziu.—Brazil has conducted its first agricultural institute train. ‘The 

Argentine Central Railway, with the cooperation of a provincial agriculturist 

fitted up two passenger coaches, one for lecture purposes and one for an exhibi- 

tion car. 

The conferences and demonstrations are held in the rural centers on Sundays 

and holidays. They are thus carried on without taking the farmers from 

their work. When extraordinary occurrences, such as sudden plagues and 

the like, make the work of the school necessary, it is moved to the place indi- 

cated to give advice and practical teaching as the case may demand. 

1 Vie Agr. et Rurale, 3 (1914), No. 23, pp. 625-628; Bul. Soc. Agr. France, 75 (1914), 

No. 1, Sup., p. 248. 

2 Bol. Min Agr. Indus. e Com. [Brazil], 2 (1913), No. 2, pp. 104-107. 
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The work of the train has been so satisfactory that it has been decided to 

make it a permanent institution for the following purposes: 

Holding public conferences on agriculture in rural centers; answering In- 

quiries, verbal or written, on subjects of interest to farmers; distributing 

agricultural literature; making demonstrations of agricultural machinery ; visit- 

ing egricultural expositions; cooperating in the improvement of animal in- 

dustry ; cooperating in the diffusion and knowledge of laws relating to hygiene 

and labor for farmers, as well as diseases of plants and animals; furthering 

the establishment of societies and cooperative associations for agricultural im- 

provement; and inspection of public and private agricultural estates. 

AUSTRIA.——A regular agricultural school education is available only for a 

limited number of prospective farmers in Austria, therefore, other methods of 

disseminaiing agricultural instruction are necessary, such as traveling lecture- 

ships and special courses. Lectures are given by the teachers in the regular 

agricultural schools end by traveling lecturers appointed especially for this pur- 

pose. ‘~hey Eeep in close touch with the rural population and are expected to 

give personal attention and advice to individual farmers in tLeir territory. Thev 

also hold courses which last for several days in order to instruct farmers in 

certain branches of agriculture, such as dairying, live stock, poultry keeping, 

fruit growing, etc. Teachers in the agricultural schools also hold such courses 

during yacation either at the school or elsewhere. Lectures in cooking and 

Gomestic economy are also given for the women and girls. 

In Upper ee ia oes itinerant teachers in cooking and housekeeping are 

employed, and they have conducted 47 movable schools in housekeeping for 564 

girls. The length of the course is six weeks. The number in a course is limited 

to 12 girls, who must be over 14 years of age 

The courses are under the direction of the Royal Agricultural Society, in 

cooperation with a local society or board, which must furnish the meeting place 

and guarantee an enrollment of 12 girls and their tuition fee. 

In these courses are taught buying of food materials; the preparing of foods; 

ihe preserving of provisions; setting and waiting on the table; washing dishes 

and linen and house cleaning; making recipes; and estimating the cost of food. 

The management of the house and the care of clothing are also taught. Instruc- 

tion is likewise given in the care of the health, feeding children, care of the sick, 

L ‘ana patching, and darning. There is also instruction in feeding domestic 

rnimals, the care of the dairy, the raising of poultry, and in the culture of fruit, 

ve eee and flowers. 

“wo women are chosen to supervise each cooking course and hold themselves 

in readiness to assist the teacher, keeping her informed as to the proper markets 

for provisions, and discussing with her the arrangement of the daily work, the 

regulation cf the house and of the kitchen, and to give necessary help to the 

pupils : 

Prussis.—in 1912 there were in Prussia~ 250 rural traveling housekeeping 

schools in full working order, divided among 248 districts (Landkreise). 

A totcl of £17 courses were held, as against 564 in the previous year. The 

ruumber cf the eight weeks’ courses has risen from 407 to 638, the number longer 

than eivkt weeks from G7 to 103, while the courses of less than eight weeks’ 

Curation have fallen from 90 to 76. The 817 courses were attended by 138,581 

1 

girls and youn; women who had left school, an average of 21.85 per course. 

Of the 250 schools 168 were supported by the District Communal Association, 

5 of them being under the supervision of women’s unions, 65 were entirely man- 

1 Ztsehr. Lindl. I° Forth ild. Schulw. Vreussen, 5 (1913), No. 2, pp. 47-61. 
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aged by women’s unions, and 17 by private individuals and others. The whole 

Maintenance cost amounted to $146,520. 

GERMANY.—The West German Agricultural Board, after a tour of inspection 

of the rural itinerant home economics schools of the region under its jurisdic- 

dion, reports* that the instruction given by these schools is confined very largely 

to neediework and to cooking, and that instruction even in elementary agricul- 

ture is given to only a very limited extent. The board deprecates this situation 

and points out the necessity for teaching agriculture to at least a limited extent 

in the housekeeping schools, emphasizing the fact that this is particularly neces- 

sary in the flat sections of west Germany, where the farms are usually small 

and the wives and daughters have charge of the stable, yard, and garden, as 

svell as the housekeeping, and where an income can be assured only when all of 

the farm work is done with expert knowledge. The board therefore holds that 

the housekeeping courses will be more useful if the needlework is limited to 

mending, darning, and repairing, and to the making of simple linen articles, and 

the time thus saved devoted to instruction in some of the simpler farm opera- 

tions. Another argument in favor of such agricultural instruction is that it 

might tend to create a different attitude toward farm life among the young 

women of the region who at present show very little interest in agriculture and 

prefer to marry those engaged in other occupations. 

The insufficient agricultural instruction is thought to be due in many -cases 

to lack of knowledge of farm life and farm work on the part of the teachers in 

the schoois. It was also found that the teachers were frequently unfamiliar 

wvith the household and farming conditions of those taking the courses. It is 

stated that the plan of giving agricultural instruction in the home economics 

schools <S recommended by the board has been approved by the minister of 

zericulture and appropriations will be granted to these schools only on condi- 

tion that this plan is followed. 

Betcttx1.—Movable housekeeping schools were established in Belgium? in 

2850, in which year 13 of these schools were started. Over 6,000 girls have re- 

<eived diplomas in these schools since their organization. The primary design of 

the school was to elevate the national dairy industry and to teach better methods 

of utilizing milk and of making butter and cheese. The jiength of the session 

is four months, and the schools are moved two or three times a year from 

one community to another. Courses are now offered in agronomy, zoology, 

dairying, cheese making, domestic economy, and bookkeeping. 

A movable school is established at the request of the community or an 

agricultural association. The budget of the school amounts to about $500 for 

a session of four months. This sum is borne by the State, the Province, and 

the agricultural societies. The instruction is given without expense to the 

students. 
The instruction is theoretical and practical. The courses are conducted 

six days a week. Two hours are devoted to theory and three to practical work. 

Aji the pupils are day scholars. The maximum number of pupils admitted to the 

schooi Coes not exceed 20. To be admitted to the school, girls must be 15 years 

«af age, must have had good primary instruction, as shown by a certificate, and 

must be physically able to do the work. 

The teaching personnel is composed of a principal, who has charge of the 

courses in agronomy; he also attends to the organization of the school. Two 

female teachers living at the school have charge of the courses in domestic econ- 

omy, dairying, cheese making, and bookkeeping, and they direct the practical 

1Ztschr. Landw. Kammer Schlesien, 18 (1914), No. 8, p. 343. 

* Rey. Gen. Agron., n. ser., 9 (1914), No. 2, p. 84. 
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work of the pupils. The teachers have a fixed salary paid by the State. When 

the school is not in session they hold conferences or public courses for farmers” 

wives. 

All of the schools are supplied with suitable equipment for practical instruc- 

tion, such as churns, separators, refrigerators, cheese-making utensils, cooking 

utensils, washing machines, sewing machines, ete. At the end of each session 

an examination is held in the different branches taught. 

The success of movable schools is generally much greater than that of per- 

manent schools, because the small and middle class farmers can not easily 

send their children to school for one or two years. The temporary schools, 

which last only four months, come to the pupils in their homes and are, there- 

fore, more easily established. 

ARGENTINA.—Agriculture in Argentina* is handicapped because those who 

follow it are frequently ignorant of its most fundamental principles, many of 

them being immigrants who have recently taken up farm work to meet the 

necessities of life and are not familiar with their new conditions. This explains 

the important place that extension instruction occupies in the agricultural 

development of the country. 

The extension service is in direct charge of the regional agronomists, who at 

present (1912) number 20. They expedite their work by means of consultations, 

temporary courses, inspections, competitions, and expositions. 

The following table gives a summary of the work of the regional agronomist 

in 1912: 

Summary of work of regional agronomist, 1912. 

Consultations. : i 

Date of taking Location of regional Confer- eee Temporary 
charge. agronomists. ences. field courses. 

Verbal. | Written. eho, 4! 

11) De dey aaa Mercedes! feces eere assis 1,960 155 63 TO) peeled ol alc he 
LG ae eee Olawarmia. res oso eet 505 286 12 OF) Jee 
1. re CAMPANae yas ssemccecoe 20 10 5 (pees eos 

Vt 2 2 Entre ‘Rios: 2/2. . 22/2222 589 383 38 QO Re EEE a 
16. ae Comlentes ss s-eo sees ec 392 83 6 Bh [ap cater tl avs = 

Wctoper......-- Chacoand: MOrmosd ce. |-22 =. 21.) =| Menem tte Sirs ate octal oie eee eee elles eee ee 
1913 Z 

January........ OSAGAS ear cee sie s.a)0ll ais ain +n = «ci ee eee late ye ios | ise ee eal oes ee 
November..... ANLCUINAL S22. 2 Foti wine |e es = So a | ee ee ee UR NRL S|! SEA AED 

Lt i eee (110) (Qe Sees oe 187 48 4 9 1 
MAVRe sols tet Santiago del Estero... 122 G2Bee noses Fi st SR a Sas 
Stil yet ge ate Catamarcaand La Rioja 106 42 2 Sel sees TS = 
November..... Wend 078 aes. sees cse acs o's ++ =: eal eae eee a | ena Ae SOR Cree Tee oma 

1) Yoh ae. 5 Bone SAIN sess eos! es 4,747 977 14 70 2 
Sit oo a ee COLAODS ee potest ies 220 6 6 Tee See eee 
5.) 62) eg el ala PAN IUAN. jcc ces ce eee. 185 Da Meena ccacce 1 US Lea a 
pattie. .s=ceel. 235 Rafaelad .s<-ebrece 528 8 P| aie See eee | aoe ACh eee Saul eet os © See 
LU eS eae ROSAIIO ron scr te = 2 124 5 IPSoo sdasoees laoee soaee es & 
pattie, 228 sh. Panipat so. ee 105 4 5 a Le eee De 5 
December...... RAOINCRT0 # 2.06 ote = 60,00 Dare etre): 8 sare Pad coll seep eOhee s 

DU cee cdee cesses. Bahia Blanca.......... 110 46 3 (Heal PeReneeekcha cis Bas 

SROAle rn ecien eles 2 9, 427 2,138 163 173 3 

The agronomists of Tucuman, Posadas, Chaco and Formosa, Mendoza, and 

Rio Negro took charge at the end of 1912, devoting all their time to surveying 

their respective dictricts to find out their real needs. The vast and complex 

duties of the regional agronomists has not allowed them to give much time to 

developing extension courses, but the General Board of Agricultural Instruction 

is contemplating remedying this by the appointment of special teachers under 

the supervision of the agronomist. Agricultural instruction has been introduced 

into the army. 

1Min. Agr. Argentina, Mem. Cong. Nac, (1912), pp. 33-36. 
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ENGLAND.—The Board of Agriculture and Fisheries* has made arrangements 

in England and Wales for providing technical instruction in agriculture to 

small holders. It appears that in spite of recent advances there is stil] much 

room for the small holder to improve his condition with the help of suitable 

instruction. 

Out of a total of 435,700 holdings in England and Wales above 1 acre, 292,400 

ere under 50 acres, while in addition there are over 118,000 allotments under 

1 acre belonging to local authorities apart from a large number of allotments 

leased by private landowners. ‘Thus there is an extensive field of work for the 

teacher, and it must be remembered that of all classes of the rural population 

the small holder and rural laborer have the least opportunity of obtaining 

instruction and skilled advice. 

Small holders and allotment holders are usually to be found in groups or 

colonies, and these afford a convenient center for organized day and evening 

classes, and for courses in such subjects as horticulture, poultry keeping, and 

dairying. Such a colony is also a most appropriate center for demonstration 

fields or plats to illustrate the best methods of growing and manuring market 

garden crops, fruit, etc. These demonstrations are used by the instructors to 

introduce crops not usually cultivated by the holders, and when well managed 

are of greater use in educating the small holders than class-room instruction. 

CaNADA.—In Canada* women’s institutes have powerfully contributed to 

improve the position of farm women, while also raising their intellectual level, 

2nd justify the interest they have aroused, even beyond the limits of the country 

in which they had their origin. They have been copied with excellent results, 

especially in the United States, where similar associations have been very 

successful. i 
Women’s institutes were first founded in Ontario, and their development has 

been most remarkable. At present there are 800 of them, with about 25,000 

members. In 1912-13 lecturers were sent to 1,377 meetings, and 6,204 meetings 

were held without the assistance of outside lecturers. In 1912-13, 1,667 persons 

attended the demonstration lecture courses. 

In Manitoba these institutes are called home economics societies. Their 

progress has been very rapid recently. The department of agriculture has 

directed the work and appointed special inspectors and lecturers to travel 

through the Province, organize new societies, give courses of instruction in 

those already existing, and supervise their work. 

There are 35 women’s institutes in British Columbia with a membership of 

over 2,000. 

In New Brunswick there are 1,000 members in 41 local women’s institutes. 

In Saskatchewan and Alberta domestic-Science courses have been held, though 

not directly in connection with women’s institutes. 

Iraty.—In Italy* a considerable number of so-called itinerant chairs of 

instruction in agriculture and viticulture are scattered throughout the Kingdom. 

They are under the oversight of the ministry of agriculture and for the most 

part are autonomous; that is they are founded and administered by local bodies 

of interested persons and are maintained by the communes and Provinces and 

by the State. Each of these have their own subordinate institutions (sections). 

1 Jour. Bd. Agr. [London], 21 (1914), No. 6, pp. 571, 572. 

2 Internat. Inst. Agr. [Rome], Mo. Bul. Econ. and Soc. Intel., 5 (1914), No. 6, pp. 17-19. 

3 Land u. Forstw. Unterrichts-Ztg., 27 (1913), No. 1-2, pp. 125, 126. 
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The chairs of instruction are usually provided with professional agricultural 

teachers having charge of the itinerant instruction in the adjoining communes. 

About SO communes are assigned, on the average, to one itinerant teacher. 

The object of itinerant instruction is to disseminate agricultural knowledge 

through immediate contact with the rural population by holding lectures and 

conferences. 

The itinerant teachers are also bureaus of information on all agricultural 

questions. 

The number of itinerant chairs of instruction is 94, that of the sections S86. 

The total expenses for itinerant instruction in 1910 amounted to $50,000. 

RouMANIA.—In Roumania’* the itinerant agricultural teacher is usually a 

national-school teacher with practical agricultural knowledge, besides a knowl- 

edge of gardening and orcharding. He is allowed a seven months’ furlough 

yearly, during which time he is obliged to visit a certain number of rural 

national schools which have school gardens or experimental fields. During 

his stay at the school the teachers and the advanced pupils work one or two 

days under his superintendence and according to his direction. After the itin- 

erant teacher has yisited all the schools in the district assigned to him, he goes 

back to the first one to assist in a new line of work. He controls the results 

obtained and records his observations in an inspection book. In this way a 

single itinerant teacher can give practical agricultural instruction to 10 or 12 

schools, from which not only the schools but the teachers derive advantage. 

Bavaria.—In Bavaria’ itinerant instruction has been introduced, and it is 

primarily the duty of the royal agricultural teachers appointed as directors and 

head teachers in the winter agricultural schools to supervise and further it. 

By establishing winter schools and filling the position of directors with properly 

trained permanent teachers competent persons have been provided, who are 

better able to supervise itinerant instruction. There are now in Bavaria 40 

agricultural itinerant teachers, highly qualified in the subject of agriculture. 

With a small circuit it is possible for the itinerant teacher to get in close touch 

with the farmers of the district, and not simply to be present sporadically 

in this and that place for the purpose of delivering a one-hour lecture. Lec- 

turing is only a small part of the work of the itinerant teachers. Their principal 

duty is to travel regularly over their districts, remain in a community long 

enough to obtain definite information, enter into agreement with the authorities, 

suggest improvements, undertake experiments, and aid those interested by 

personal advice. 

The itinerant teachers keep in close touch with practical fertilizer and culti- 

yation experiments on the farmers’ fields, in order to demonstrate the advanfages 

of proper fertilization, the selection of good seed, the adaptability of certain 

kinds of plants to regions in question, and to encourage imitation; in the same 

way new machines and tools are introduced. 

Courses of considerable duration—perhaps three to eight days—do more good 

than lectures, and great importance is attached to them. Such courses are given 

for every branch of farming, and have hitherto been principally organized and 

directed by associations. In order that the work of the societies may be made as 

practical as possible in all regions, the district officers encourage the holding of 

housekeeping courses. 

20SNIA AND HerzecovinaA.—In Bosnia and Herzegovina® itinerant tenchers 

travel over the entire agricultural districts, chiefly for the purpose of giving 

1Land u. Forstw. Unterrichts-Ztc., 18 (1904), No. 3—4, pp. 212, 213. 

Land u. Forstw. Unterrichts-Ztg., 18 (1904), No. 3-4, pp. 204, 205. 

Land u. Forstw. Unterrichts-Ztg., 25 (1911), No. 1, pp. 119-121. 
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popular agricultural lectures and practical demonstrations for instructing the 

farmers in proper farm management as well as making suggestions for the 

advancement of agriculture. 

The agricultural societies are exceedingly active and successful in all agricul- 

tural lines. They have thus obtained very satisfactory results in agriculture by 

encouraging the members to fall plow, to properly fertilize, as well as to use 

modern implements of cultivation, and to establish model farms. In the ad- 

yancement of cattle raising they have rendered great service by providing breed- 

ing stations and by their influence on better feeding and care of animals. The 

establishment of district granaries is also due to the efforts of the itinerant 

agricultural teachers. 

Besides the itinerant teachers, the agricultural officials take part in the 

technical instruction of the rural population to a considerable extent. This is 

particularly true of the officers who are specially appointed for instructing the 

farmers in the proper cultivation of suger beets. To each of these officers a 

special district is assigned and he is obliged to give popular lectures throughout 

sis district. During these lectures the work of the season is freely discussed. 

These officers have rendered q valuable service to agriculture which should not 

be underrated. 

OFFICIALS IN CHARGE OF FARMERS’ INSTITUTE WORK IN THE 
UNITED STATES. 

ALABAMA.—C. A. Cary, Alabama Polytechnic institute, Auburn. 

ALASKA.—C. C. Georgeson, Agricultural Experiment Station, Sitka. 

ARIZONA.—S. F. Morse, director of extension, Tucson. 

ARKANSAS.—W. C. Lasseter, director of extension, Fayetteville. 

CALIFORNIA.—W. T. Clarke, superintendent of farmers’ institutes, Berkeley. 

CoLorapo.—C. A. Lory, acting director of farmers’ institutes, Fort Collins. 

CoNnNEcTICUT.—H. J. Baker, in charge of farmers’ institutes, Storrs. 

DELAWARE.—Wesley Webb, secretary State board of agriculture, Dover. 

FLoripa.—P. H. Rolfs, director of extension and superintendent of farmers’ 

institutes, Gainesville. 

GrorciA.—A. M. Soule, president and acting director extension State college 

of agriculture, Athens. 

Hawatl.—William Weinrich, jr., secretary and treasurer farmers’ institutes, 

Honolulu. 

IpaHo.—O. D. Center, director extension work, Boise. 

ItLtinois.—H. A. McKeene, secretary Illinois farmers’ institutes, Springfield. 

INDIANA.—W. C. Latta, farmers’ institute specialist, Lafayette. 

Towa.—A. R. Corey, secretary State board of agriculture, Des Moines. 

KXANSAS.—Edw. C. Johnson, superintendent of farmers’ institutes, Manhattan. 

Kentucky.—Harry McCarty, director of institutes, Frankfort. 

LoUISIANA.—W. R. Dodson, director of extension, Baton Rouge. 

Maine.—J. A. Roberts, commissioner of agriculture, Augusta. 

MaAryYLAND.—R. S. Hill, director of farmers’ institutes, Upper Marlboro. 

MAaASSACHUSETTS.—Wilfrid Wheeler, secretary State board of agriculture, Boston. 

MicuHican.—L. R. Taft, superintendent of farmers’ institutes, East Lansing. 

MINNESoTA.—A. D. Wilson, director of farmers’ institutes, University Farm, 

St. Paul. 

Mississipp1.—R. H. Pate, director of farmers’ institutes, Agricultural College. 

Missouri.—Jewell Mayes, secretary State board of agriculture, Columbia. 

Montana.—F. S. Cooley, superintendent of farmers’ institutes, Bozeman. 
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2 VNEBRASKA.—C. W. Pugsley, director agricultural extension service, Lincoln. 

NevApA.—C. S. Knight, director of extension. 

‘EW HAMPpsnuire.—Andrew L. Felker, commissioner of agriculture, Concord. 

NEw JERSEY.—Alexis L. Clark, director of farmers’ institutes, New Brunswick. 

New Mexico.—A. €. Cooley, director of farmers’ institutes, State College. 

New YorK.—Edw. Van Alstyne, director bureau of farmers’ institutes, Albany. 

NorrH CaroLtina.—T. B. Parker, director of farmers’ institutes, Raleigh. 

NortH DaxKora.—G. W. Randlett, superintendent of farmers’ institutes, Agri- 

cultural College. 

OCuto.—A. P. Sandles, president agricultural commission, Columbus. 

OKLAHOMA.—W. D. Bentley, director of extension, Stillwater. 

OrEcon.—R. D. Hetzel, director extension work, Corvallis. 

PENNSYLYANIA.—A. L. Martin, director of farmers’ institutes, Harrisburg. 

Porto Rico.—R. S. Garwood, dean agricultural college, Mayaguez. 

RuovE Istanp.—John J. Dunn, secretary State board of agriculture, Providence. 

SoutH CaroLrina.—W. W. Long, State agent and director of extension, Clemson 

College. 

SourH Daxkota.—H. H. Stoner, superintendent of farmers’ institutes, Highmore. 

TENNESSEE.—T. F. Peck, commissioner of agriculture, Nashville. 

Texas.—J. W. Neill, director of institutes, Austin. 

Urau.—HB. G. Peterson, director agricultural extension division, Logan. 

VeRMonNT.—Elbert S. Brigham, commissioner of agriculture, St. Albans. 

Virernia.—J. J. Owen, director of institutes, Richmond. 

WASHINGTON.—J. A. Tormey, director extension division, Pullman. 

West Virernra.—c. R. Titlow, director of agricultural extension, Morgantown. 

Wisconsin.—C. P. Norgord, director of farmers’ institutes, Madison. 

Wyominc.—H. G. Knight, director agricultural experiment station, Laramie. 
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Financial statistics of the farmers’ institutes for the year ended June 30, 1914. 

Funds appropriated. Cost of institutes. 

By the foe the State or Territory. ae eA 
college and season 

By Oe received | Total cost. Cost Be 1915. 
. from other ; 

sources. 

$600. 00 $800.00 | $1,400.00 $31.11 $600. 00 

4, 400. 60 4, 808. 30 85. 86 4,400.00 
soe) ae 1,421.10 118) 425 See See 
10,000.00 10,000. 00 17.54 | 10,000.00 

2 2,596. 00 205605 | sees eee 
Sezadigd Soneee eee ote ted 916.95 V8844| Seo sees 

1,000. 00 1,150.00 13.37 1,000. 00 
10, 000. 00 10, 000. 00 50.76 | 10,000.00 
2,500. 00 2,500. 00 Ale ates gases 

24, 500. 00 35, 179. 50 38. 66 24, 500. 00 
10,050.00 | 12,000.00 | 22,050.00 17. 42 10, 000. 00 

13, 500. 00 2,000.00 | 15, 500.0 14.54 14,000. 00 
KONG Chey aa eee eee eens eee eae ene UnlP5: 8 |boodosssBese 8, 525. 82 TOS67 | Sasa eeese 
TGOWISTATIA Goi SABES Bee ee ee cia STS Nh I |e pees oh aL cto eee ees te See 
Mia TV aera Sn ata ere ne SUE eee aes ae OL 2,300. 00 500. 00 2, 800. 00 TO Boa ee Sete sess 
IMs rey] aa es ssp ers pee et ae er aetna COPOR6 U0) scosscosscse 5, 345. 00 29.53 6, 000. 00 
MEGA sb dace ccesunabouccsonussesnue 6,000.00 |-........--- 2,076. 91 13.57 6, 000. 00 
Michigan pe eee ee tee eee eee Pad 00: pecesepatese 12,000. 00 8.10 8, 500. 00 
IN TOES OIE Roe HOC RUSSO Cee ES MOOS GED So eee ae eae 23,000. 00 3,265.00 | 26,244.73 76. 74 23, 000. 00 
Missigsippiege seh seed sees eee st 7,500.00} 2,000.00 | 9,500.00 17.46 9, 000. 00 
MAISSOUTISRO Sa a toeeee eo eee ane ane 18; 50000) |es5s22 255-5 8, 500. 00 Pi(ate alba Wen cue 
Montana as Scene dees SE ence eee TO} O00R0OR Ss Ss55. 5-25 - 10, 000. 00 Bol kl Eeeeeee ance 
ING bras ka sie eee ree 2G See ee AB acon eR 25s 000008 ha-- ss a20 5 25, 000. 00 46.73 25, 000. 00 
Nevada tie ee eae es tie CS I ADR SS A SEND Ah ee a a 
News Hampsiines sashes nee seme ae oe LS 200008 5-25. 32552 1,186.00 25.78 2, 000. 00 
New erscyaeen eee se eee oll 4,229.00 | 1,200.00] 5,429.00 36. 19 3, 500. 60 
New Me@xiIC0 lin ee cde; see se eae seas ob a see Se DE Se SS els ee BE S| er | 
TEN ENCE a AL Se See eR ALS RRR 20,000.00 | 19,760.52 | 39,760.52 33.41 | 25, 000. 00 
INGEN CHRIS 5 ocoussossomeossasseosane. 12,000.00 | 2,000.00 | 13,500.00 13.31 | 12,000.00 
INOnEH ND ako tase nine eee ue 6, 000. 00 915. 00 5, 376. 00 29.54 6, 009. 00 
OH ee Ne Bo SBOE Ee Tate Rae eon aauie 26, 400. 00 4,472.95 | 30,872.95 14.92 26, 400. 00 
Oklahoma woe [oe es Se a Rs eee ta Se Uae np | CR er | 
OTERO ies sees ee eye ae ae eee eet 2, O00KO0) !2 252-25. 522 6, 700. 00 10. 60 2, 500. CO 
Perinsyi lyin ey een eee ma 22,500.00 | 4,000.00 | 26,500. 00 24.03 | 22, 500. 00 
Borto Rico eee ese cise ee a oe a i ae 1a EN | | 
RUHOd essa deep eee eee espe 700. 00 200. 00 645. 31 32220. sent eee 
Soudan Caroline 36s seedasencoocsoncces= Pao 00): Wi) le Scsoeeeonse 2, 200. 00 10347: |S eeis See 
SOUtHIDakopasee ss see ee ae AU) C0) \seaseconsece 20, 000. 00 26.08 20, 000. 00 
FTRETATA ESSEC aya sts ee roe 5,000. 00 1, 200. 60 5, 000. 00 39. 68 5, 060. 00 
CT OAS yey key Ses ate My ena are ce earth 17, SOOKOOR |S -ce2-2 22-2 16, 903. 97 12.85 17, 500. 00 
TLOJTHFzy oi ea a ehh Mien ca ae OL Ue a Leet ae LO 000007 |22.2.2- 2-25. 10, 000. 00 11.98 10, 000. 00 
AVC TINT OTT GRE Gerth ara ee yan eae SODRAD ee ae 1,192. 45 24. 84 600. 00 
Napa ee ee a OS oe on 9 OOOROOR| Ee secicei-ce.- 5, 000. 00 19.09 5, 000. 00 
AIRES a BY Way aN 3 Pe IR a Sea yy 8 ale) O10 isseuosoeeeee 8, 750. 00 41.57 25, 000. 00 
UGS Walden ce oun suse ane Geel 7 SOO RIES eee ee 9,317. 00 16. 88 7, 500. 00 
SWHSCONIS Toe ote Na Ne eR RN 20 OOOMOOM Mae basen! 115 20, 000. 00 34.48 | 20,000. 00 
SWay Olin sect ys aah cuore Sateen 1, 050. 00 750.00 | 2,050.00 16.14 1,050. 00 

FRO Galleys es a een 382, 364. 27 67,518.37 | 447,897.51 20. 43 363, 550. 00 

1 No institutes. 3 No report. 
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Number of lecturers employed by the State directors of farmers’ institutes and 
reports of proceedings published for the year ended June 30, 1914. 

Total 
number 

of 
lecturers 
on the 
State 
force. 

State or Territory. 

niin Ge ae 
Kentucky 
Louisiana 1 | 
Misting senso... 

Mississippi 
Wicaone: ie as oe 

New Hampshire. .... 
New Jersey........-. 
New Mexico 1........ 

North Dakota....... 
UnCl  - een ae 

UT). ee ees 
Pennsylvania. ....... 
Porto Rico}......... 

Tennessee.....-..... 

Vermont... 
Virginia... 
Washington. 
West Virgini 
Wisconsin........... 
MOMMY, cc .0... re 

OVAL Se 34 0300 o's 

Number 
of mem- 
bers of 
agricul- 
tural 
college 
and ex- 
periment 
station 
staffs 

engaged 
in 

institute 
work. 

528 | 

1 No institutes, 

Number 
of days 
contrib- 
uted to 
institute 
work by 
agricul- 
tural 
college 
and ex- 
periment 
station 

lecturers. 

Number of State lecturers giving Reports of 
agricultural instruction at— proceedings. 

Teach- 
ers’? | High |Normal cue Pub- | Number 

insti- |schools.|schools. RcHools lished. | of copies, 
tutes. j 

279, 000 

— 

2 No report. 
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INTRODUCTION. 

The experiments with cereals at the Williston substation in North 
Dakota have been conducted cooperatively since 1908 by the Office 
of Cereal Investigations of the Bureau of Plant Industry and the 
North Dakota Agricultural Experiment Station. The memorandum 
of understanding between the two parties specifies that— 

The objects of these cooperative investigations shall be (1) to improve the wheat 

industry of the northern Plains region by discovering or producing varieties better 
than those now grown, especially with regard to nitrogen content, yield, earliness, 
drought resistance, etc.; (2) to conduct similar experiments with oats, barley, and 

other cereals when it may be desirable; and (3) to determine the effect of changes of 

environment upon the growth of cereals, particularly the composition of the wheat 

kernel. 

' The Williston substation was established in 1908 by the North Dakota Agricultural Experiment Station 

and has since been operated as one of the several “subexperiment stations” located at various points in the 

State. President J. H. Worst, of the North Dakota Agricultural College, was director of the State station 

from the time the Williston substation was established until January 1, 1914, when Mr. Thomas P. Cooper 
was appointed director. Prof. J. H. Shepperd has been vice director of the station during the entire. 

period. Mr. E. G. Schollander was superintendent of the Williston substation from the first year of its 
operation, 1908, until April 1, 1914. Upon his resignation, Mr. Charles H. Ruzicka took charge. In 1908 

the writer was appointed special agent in the Office of Cereal Investigations to take charge of the coopera- 

tive cereal work and in 1914 was appointed scientific assistant. 

Nore.—This bulletin presents the results of varietal tests with cereals which have been conducted at 

Williston, N. Dak., from 1908 to 1914, in cooperation with the North Dakota Agricultural Experiment, 

Station. The subject is of interest to experimenters throughout the Great Plains area, and especially in 

western North Dakota and eastern Montana, 

95887°—Bull, 270—15——1 
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Data on the cooperative cereal work are included in each of the 
several annual reports published by the Williston substation.! This 
bulletin summarizes the cooperative cereal experiments for a period 
covering seven years, and such conclusions as are warranted are pre- 
sented. 

DESCRIPTION OF THE SUBSTATION. 

The results obtained at the Williston substation are applicable only 
to portions of North Dakota and eastern Montana. Conditions very 
sumuar to those at Williston occur in all of North Dakota lymg west 
of the one hundred and first meridian and the Missouri River, and in 
the eastern portion of Valley, Custer, and Dawson Counties, Mon- 
tana. The one hundred and first meridian runs through Bottineau, 
McHenry, and McLean Counties in North Dakota. 

To determine just how far the results obtained at Williston are 
applicable to other parts of the district, it is necessary to consider 
the variability of the climate and other conditions. In order that 
such comparisons may be made, a detailed description of the Willis- 
ton substation is here given. 

_ LOCATION. 

The Williston substation is located about one-half mile north of 
the city of Williston and 14 miles north of the Missouri River, in the 
south-central part of Wiliams County. It comprises 160 acres, of 
which a part is creek-bottom flat and the remainder level or rolling 
bench land above the creek bottom. The elevation is approximately 
1,900 feet above sea level. 

The Little Muddy Creek drains the locality to the north for several 
miles, borders the substation on the east, and empties into the Mis- 
souri River. On both sides of this creek is an alluvial valley, varying 
in width from less than a mile to more than 5 miles. 

Outside of this valley there are two extensive types of topography, 
as well as two soil types: (1) The gently rolling or nearly level areas 
of good agricultural land of the soil type known as Williams loam and 
(2) the sharply rolling hills along the streams, composed of a stony, 
rock-strewn soil known as Williams stony loam. 

Until within the last few years all of western North Dakota and 
eastern Montana was a range country. Now, however, there are no 
large ranches except in rough areas where the raising of crops is 
difficult. The new settlers raise wheat almost exclusively during the 
first few years. After that they gradually adopt a system of more 
diversified farming, including the growing of other smail grains, corn, 
and legumes, and the keeping of live stock. 

1 North Dakota Agricultural Experiment Station, Williston Subexperiment Station, Annual Reports, 
1908 to 1913, 
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PHYSICAL FACTORS. 

A summary of crop yields for a series of years should be accom- 
panied by a statement of the physical factors that influence crop 
production. The most important physical factors are (1) the soil; 
(2) the seasonal and annual rainfall; (8) the seasonal evaporation; 

(4) the wind, with special reference to that which passes directly over 
the ground surface during the growth of the crop; and (5) the tem- 
perature, especially the killing frosts of spring and autumn that limit 
the growing season. The data on these factors, which follow, have 
been recorded at the Williston substation and at the station of the 
Inited States Weather Bureau in Williston. 

soru.! 

The soil of the Williston substation is of an alluvial character, but 
it is variable in type. It is not typical of most of the best farming 
land outside of the valley. The creek-bottom flat consists of a heavy 
clay of the type described by the Bureau of Soils as Laurel clay. 
The larger portion of the substation consists of level or rolling land 
somewhat higher than the creek bottom. The somewhat variable 
soil on this portion is of the type known as Williston sandy loam. 
Water for irrigation is available on this part of the station farm. 

That portion of the substation where the cereal experiments are 
conducted consists of a fairly level upland area, on which irrigation 
water is not available. The soil, which is fairly uniform in type, is 
classed as Laurel fine sandy loam. 

NATIVE VEGETATION. 

A biological survey was made of the Williston area in 1906.2. The 
most important native vegetation found prevailing on the prairie 
included grama grass (Bouteloua oligostachya), buffalo grass (Bul- 
bulis dactyloides), western wheat-grass (Agropyron occidentale) , slender 
wheat-grass (Agropyron tenerum), and needle grass (Stipa comata 
and Stipa viridula). The grama grass grows abundantly over the 
prairie and makes a very nutritious pasture and excellent hay. The 
buffalo grass is just as nutritious, but is found more in spots and is 
never tall enough for hay. The western and slender wheat-grasses 
are found in the wild state and will replace the other native grasses 
when the sod is broken. They are grown extensively for the produc- 
tion of hay. 

RAINFALL. 

Table I shows the precipitation record for the Williston locality 
for a period of 36 years, from 1879 to 1914, inclusive. Previous to 
1893 the weather records were kept at Fort Buford, N. Dak., 20 

1 For a fuli report on the soils of the Williston locality, see Rice, T. D., Willard, R. E.,and Weaver, J. T., 

Soil survey of the Williston area, North Dakota. In U.§8, Dept. Agr. Bur. Soils Field Oper. 1906, 8th Rpt., 

p. 999-1022, fig. 24, 1908. 

2 Bell, W. B. Report of the biological survey of North Dakota. In 4th Bien, Rpt. Agr. Col. Sur- 
vey N. Dak., p. 28-51, 1910. 



+ BULLETIN 270, U. S. DEPARTMENT OF AGRICULTURE. 

miles west of Williston. In December of that year the station of 
the Weather Bureau was moved to Williston. The Biophysical Lab- 
oratory of the Bureau of Plant Industry installed weather instru- 
ments at the Williston substation in 1909, and since that year the 
rainfall recorded there for the months during the growing season 
(April to July, inclusive) is used in the rainfall table. The growing 

season for the small grains extends from April to about August 1 
to 10. The crops are so nearly mature cn August 1, however, that 
precipitation after that date has little effect on yields. The table 
shows the rainfall, by months for the growing season and for the 
year, with monthly averages, maxima, and minima. 

TasLe I.—Monthly, annual, and seasonal precipitation, with the average, maximum, 
and minimum for each month, at Williston, N. Dak., 1879 to 1914, inclusive. 

[Data (in inches) from the records of the U. S. Weather Bureau and the Biophysical Laboratory of the 
Bureau of Plant Industry.] 

| 
_ April | ; ta 

Year. Jan. | Feb. | Mar. Apr. | May.| June.| July.| Aug.| Sept. | Oct. | Nov.| Dec. An July ual. ie 

sonal. 

0.03 | 2.75 | 5.56 | 3.35 | 3.63 | 0.18 |Trace. | 1.55 | 0.37 | 1.68 | 20.27 | 15.29 
Pil .74 | 4.02 | 5.46 | 4.17 | 2.36 | 1.04 -90 | .66 | 3.08 | 23.25 | 14.39 

1.17 | 1.34 | 1.00 | 3.45 | 1.22 | 1.10 -58 | .39] .39 -09 | 13.81 7.01 
.69 | .94 | 1.61 | 1.87 | 2.25) .16} 2.86) 1.00] .29 -51 | 12.73 6.67 
91 .48 .59 -97 | 1.69 | 1.96 -22 | 1.41 .14 -11 | 10.82 3.73 
-10 | 1.30] .14]| .99 | 1.87 | 1.06 53 | .44] .31 -40 | 7.37 4.30 
.03 | 1.71 | 1.02 | 6.05 | 3.02 | 1.50 - 26 ~195)) 256 -14 | 15.56 | 11.80 
SOL | 2225) Ee tae) 9930 eo 87 205 | 1.57} .59 .55 | 10.24 4.88 
-12,| 1.09 | 1.59 | 3.25 | 2.00 | 3.91 | 1.07 | 1.437 .10 -18 | 15.43 |° 7.93 
.44 -61 -96 | 6.75 | 2.12 | 1.61 - 62 -62} .10 -07 | 14.70 | 10.44 
.20 | .60 | 2.69 | 1.03 - 63 ats) iii 18} -O1 -37 -42 | 8.46 4.95 
-58 | .60 | 1.58 | 5.23 | 1.06 22} 2.05} 2.45} .03 .04 | 14.24 8.47 
.27 | 1.84 | 1.49 | 7.08 | 2.99 78 .66 | 1.96 | 1.44 -14 | 18.98 | 13.40 
.38 | 2.65 -48 | 2.41 | 4.49] .62 oalil -15 | 1.12] 1.33 | 14.26] 10.03 
-12| .38 | 4.79 | 1.84 | 1.85 31 .64 | 1.14] .56] 1.92 | 15.90 8. 86 

2.23 | 2.07 | 3.15 | 4.68 | .02 73 | 1.50] 1.05} .85 .40 | 17.76 9.92 
.07 | 2.52 | 3.02 | 3.67 | 2.55 | 1.03 ~32 .o0 | 1.91 -63 | 17.07 | 11.76 

1.80 | 2.86 | 5.79 | 3.45 | 1.22 | .72 .89 | .34 | 2.10 -14 | 22.04 | 13.32 
2.10 | 1.17 3h) | 211 | SoG M hts 40 -58 -43 85 -16 | 12.19 5.96 
1.25 | 1.08 | 1.21 | 4.56 | 1.93 | .23 .99 | 2.08] .30 -06 | 14.44 8.78 
249) |. 60} 2239) 3.72) | 1291 - 56 -O1 | 1.06 -13 .76 | 12.61 8.62 

1.25 57 | 1.46 .65 | 2.34 | 4.47 | 2.24 | 1.03 s7Al 521) || 1581 5.02 
-26| .46] .71 | 8.84] 2.71} .74| 1.77) .14 | 1.02 -83 | 18.36 | 12.72 

1.36 .53 | 2.69 | 3.92 | 3.43 | 1.26 -33 32 ~12 .68 | 16.85 | 10.57 
09 |} .79 | 3.94 | 2.06 | 2.43 | 5.02} 1.39 | .05] .18] 1.07 | 17.69 9.22 

1.57 .78 | 1.27 | 2.58 -00 | -o7 12 -23 -O1 -58 | 9.44 5.19 
18 -04 ! 1.74 | 3.44 | 1.94 74) 1.93 - 06 -3l .04 | 10.66 7.16 
16 | 1.59 | 4.55 | 8.80] .50 |) 2.39 | 1.18 -26 | 1.00 .73 | 22.01 | 15.44 
66 25e) |) PELL) 22030) 18202506 45 . 08 . 02 .26 | 10.18 5.49 
79 | 1.96 | 1.80 | 2.64 -60:} 1.11 | 2.18 | 1.18 - 16 -O1 | 13.49 7.00 
12 .64 | 2.84 | 3.72 | 1.72 sates |le wie F176 .20 -46 | 11.93 8.92 

1.23 | 1.40 | 1.30 | 1.65 | 1.27 | 1.69 .14 05 . 66 -28 | 10.28 5.62 
42 .32 | 3.00 | 1.37 | 1.40 | 2.56 | 2.49 .53 | 1.25 -59 | 14.83 6.09 
35 | 2.13 | 4.59 | 1.59 | 3.€0 | 3.47 | 1.21 | 1.12). .14 -18 | 18.99 | 11.91 
94 .15 | 1.05 | 2.15 | 2.60 | 5.50) 1.13 94 .15 |Trace. | 15.27 5.95 
-00 |} .49 | 1.31 | 7.98 | 2:32) 3.55 . 64 -38 | .24 .33 | 18.47} 12.00 

-66 | 1.17 | 2.17 | 3.52 | 1.99 | 1.58 396 | -75 | 50 -53 | 14.90 8.86 

| 2.23 | 2.86 | 5.79 | 8.84 | 4.49 | 5.50 | 2.86 | 2.45] 2.10 | 3.08 | 23.25 | 15.44 

203° |) 9204 |) 141 * 65"| “<020|9-16 | Prace: | 01 |) 01 |Mrace. | aie3d 3.73 

The average annual precipitation for the period of 36 years, as 
shown by Table I, is 14.90 inches. The maximum for any one year 
was 23.25 inches (in 1880) and the minimum was 7.37 inches (in 

1884). During the same period the average precipitation for the 
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growing season (April to July, inclusive) was 8.86 inches. The 
maximum for any one growing season was 15.44 inches (in 1906) and 
the minimum was 3.73 inches (in 1883). 

The rainfall is presented in graphic form in figure 1. The entire 
height of the vertical columns represents the precipitation in inches 
for the different years and the black lower portion shows the rain- 
fall for the growing season (April to July, inclusive) for the same 
years. The lower horizontal line represents the average seasonal 

22 
22 
20 

N 18 
Yeoh ANNUAL 

s ae INN 79 “VERAGE = “iN NNi & ZN N NNN IN 9 SEASONAL 
PAE SININIS IS G2 GVERAGE 
N ZINNNN NN 
§ SING | 
N >| NNNE 

o LNSAS 1 debe | 
RERARISSISSSSRHKAK RATS HHRRS WY Pa SS 
“N = N N 

Fic. 1.—Diagram showing the precipitation at Williston, N. Dak.: Annual and average for the 40-year 
period from 1875 to 1914, inclusive (shaded columns); seasonal (April to July) for the 36-year period 
from 1879 to 1914, inclusive (solid black columns). 

rainfall for the growing season and the upper horizontal line the aver- 
age annual precipitation for the 36 years included in Table I. 

EVAPORATION. 

Table II shows the monthly precipitation and monthly evapora- 
tion during the growing season (April to July, inclusive) for the six 
years from 1909 to 1914, inclusive. The evaporation as well as the 
precipitation is an important controlling factor on the growth of 
crops in the entire Great Plains area. The evaporation is determined 
from a free water surface, the method being the one generally in use 
where the Biophysical Laboratory of the Bureau of Plant Industry 
has been cooperating. 

Taste I1.--Monthly precipitation and evaporation at the Williston substation Jor the 
growing season, 1909 to 1914, inclusive. 

[Data (in inches) from the records of the Biophysical Laboratory of the Bureau of Plant Industry.] 

| 
Apr. May. June, | July. Total. 

Year. nay oe 5 j & a ae Precipi- Evapo- | Precipi- Evapo-| Precipi-| Fvapo- Precipi-| I vapo- | Precipi-| E vapo- tation. | ration. | tation. | ration. | tation. | ration. | tation. | ration. tation. | ration. 

BON ee ose wen 0. 64 4. 000 2. BA 6. 466 3.72 5.173 Live 6. 018 8. 90 20. 657 BLUs wos 1. 40 5.340 | 1.30 5. 764 1.65 8.171 1. 27 8.994 5. 62 28. 269 1911. 4 5.790 3.00 | 6.087 1.37 7.145 1.40 8.717 6.09 27. 739 1912 2.13 3.875 4.59 4. 781 1.59 6. 468 3. 60 5. 980 11.91 21.104 ge ae 15 4.432 1.05 5. 229 2.15 7.676 2. 60 7.154 5.95 24. 491 M1 SOs a a 19} 3. 866 1.31 5. 603 7.98 5. 289 2.02 7.162 12.00 21.920 

Average...... 86 41.384 2.35 5.655 | 3.08 6.654 | 2,15 7.337 8. 43 24.030 
| 

' Griggs, L. J., and Belz, J. O. Dry farming in relation to rainfall and evaporation, U.S. Dept. Agr., Bur. Plant Indus, Bul. 188, p. 16-20, 1910, 
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Table II shows that for no month during the six years does the pre- 
cipitation exceed the evaporation from a free water surface. The 
average monthly precipitation for the six years is shown to be 
greatest during June, 3.08 inches. The average evaporation during 
June for the same period of years is 6.65 inches, or more than twice 
the rainfall. The average rainfall for the four months (April to July) 

during the six years is 8.43 inches, and 
the evaporation for the same period of 
time is nearly three times as great, or 
24.03 inches. 

Figure 2 presents graphs showing the 
average monthly precipitation and evap- 
oration in inches for the four months 
from April to July for the six years from 
1909 to 1914, inclusive. 

WIND. 

The average monthly wind velocity 
for the six years from 1909 to 1914, in- 
clusive, is shown in Table III. 

INCHES 
TaBLeE III.—Average wind velocity at the Williston 

substation, by months, for the growing season, 
1909 to 1914, inclusive. 

[Data (in miles per hour) from the records of the Biophysical 
Laboratory of the Bureau oi Plant Industry.] 

> Aver- Year. Apr. | May.| June.| July. age. 

TOO O25 sapere ers cc eel all sage GeO BoS Neoacoss 
O10: SOURIS tis Ws hs a) SO) BO] 7 7.4 
TORE CeO oes 8.8] 8.6] 6.9] 6.1 7.6 
Oe ee iia ee ene Ne 7.2) 7.9) 6.1} 3.8 6.3 
TROBE 2 Ee ncaa a 8.1] 6.5] 6.3) 4.2 6.0 
Tse 5 ph aaa leleeraeae 6.6] 7.1| 4.9] 3.5 5.5 

Average.......-----. 7.9] 7.6] 6.4] 4.9 6.6 

Q 

Fic. 2.—Graphs showing the average The anemometer used at Williston 
monthly precipitation and evaporation 

during the rowing season (April to Stands about 2 feet from the suriace of 
July, inclusive) at Williston, N. Dak., the ground and near the evaporation 

ae ake tank. Table III shows that the aver- 
age wind velocity from April to July is 6 miles per hour. It also 
may be seen that generally there is a decrease in the velocity of the 
wind each month from April to July. In seasons of normal rainfall 
protracted hot winds are not common. In seasons of unusually low 
precipitation hot winds may prevail, as was the case in 1910, when 
successive hot winds occurred for a period of about four days in June, 
practically ruining the small-grain crops. 
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TEMPERATURE. 

The daily variations in temperature at Williston are recorded 
automatically by a thermograph. 
use of maximum and 
minimum thermome- 
ters. The mean, max- 
imum, and minimum 
temperatures, by 
months, during the 
growing season for the 
years 1909 to 1914, 

inclusive, are shown 
in Table IV. 

Table IV shows that 
the highest monthly 
mean temperature is 
for July. This is the 
only month that a 
minimum lower than 
32° F. has not occurred 
in some one of the six 
years. 

The frost-free period 
is shown in graphic 
form in figure 3, cover- 
ing a period of 33 years 
(1882 to 1914). It 
shows that the average 
date of the last killing 
frost in the spring is 
May 18 and that the 
average date of the first 
frost in the autumn is 
September 14. The 
shortest period be- 
tween. frosts, as shown 

7 

by the graph, was 80 

AVERAGE 

ONE SU, 
» 

These records are checked by the 

Y. AUG. “SEPT. 
SSRSLVTS 20 

ywo-necon 

Fia. 3.—Diagram showing the length of the frost-free period and the 

average dates of the last killing frost in spring and the first in 

autumn for the 33-year period from 1882 to 1914, inclusive, at the 

Williston substation, 

days (in 1883) and the longest period was 155 days (in 1905). The 

average frost-free period for the 33 years is 119 days. 
Previous to 1893, the temperature records were kept at Fort Buford 

and since that date at Williston. 
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Taste 1V.—Summary of mean, maximum, and minimum temperatures at the Williston 
substation, by months, for the growing season, 1909 to 1914, inclusive. 

_ [Data (in °F.) from the records of the Biophysical Laboratory of the Bureau of Plant Industry] 

| 
| Apr. | May. | June. July. 

Sea- 

Year erie eileen! ftaai| feet eee 
axi-| Mini- axi-| Mini- Maxi-| Mini- axi-| Mini-/mean, 

Mean. um.|mum . mum, ™e82-\um.|mum.!22-|mum.|/mum. 

1909 = 2 Bessel ooo 35 62 9 51 86 20 61 91 40 67 94 47 54 
19102. 262 oo eee 50 92 12 51 81 25 67 | 105 32 68 | 104 43 59 
LOLE 2 Joes a oscceeee 42 89 12 56 90 15 68 | 100 43 65 99 38 58 
QL eae oe cee 45 68 19 54 85 31 64 99 32 65 90 38 57 
IOS: Sasser 47 89 19 52 950) -- 22 67 95 41 67 93 40 58 
1914... 2... Ree ese 48 79 10 54 86 20 62 92 39 73 | 100 44 59 

Average......- ta eoeee eeseee Do] 2 = Saeeee es a6" [2 =. Jes] See ee 68 |e ee 58 

EXPERIMENTAL METHODS. 

In all the varietal tests at Williston the primary objects have been 
to determine the relative yieldmg powers of the varieties and to 
increase the yield and quality through the selection of standard 
varieties or the importation of new ones. : 

The work has been conducted along the two lines usual on experi- 
ment farms: (1) Testing in field plats under conditions that conform 
as closely as possible to farm practices, and (2) testing in nursery 
rows, where a very much larger number of varieties or races can be 
grown more economically than is possible in large plats. 

The work of testing and improving cereals has included both spring 
and winter varieties, but the greater part of the work has been with 
spring cereals 

PLAT EXPERIMENTS. 

DIMENSIONS OF PLATS. 

The field tests were conducted on plats approximately one-twen- 
tieth of an acre in area. The plats have varied slightly each year in 
size and shape, but all plats were uniform in size for each year. The 
approximate dimensions have been 8 feet wide (the width of the drill 
used). and 2724 feet long, but in some years they were longer and nar- 
rower and in other years they were shorter, making an area slightly 
more or less than one-twentieth of an acre. The alleys between the 
plats have been 18 inches wide. A general view of the plats is 
shown in figure 4 

TREATMENT OF PLATS. 

In 1908, the first year during which the Williston substation was 
operated, all of the field plats were located on old ground that had 
borne oats the previous year. The following two years, 1909 and 
1910, the varietal plats were located on new ground and were there- 
fore in a different location each year. In each case, the virgin soil 
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was broken in June of the previous year. After breaking to a depth 
of 6 inches, the ground was disked and harrowed and kept free from 
weeds during the remainder of the season. 

In 1911 the varieties were grown on ground that produced a corn 
crop the previous year. In 1912 the plats were on breaking, as in 
1909 and in 1910. In 1913 and 1914 they were on summer-fallowed 
ground. 

In the spring of each year the ground was worked sufficiently to 
put it in good condition for seeding. It was disked when necessary 
and was harrowed two or more times. In the case of fallow, harrow- 
ing or disking was done frequently enough to keep down all weed 
growth throughout the season. The plats were given no further cul- 

Fic. 4.—View at the Williston substation in 1914, showing the long, narrow plats of cereal varieties in 

the background. 

tivation after seeding, but the alleys between were kept free from 
weeds. 

TREATMENT OF CROPS. 
\ 

The seeding has been done with a double-disk 8-foot drill with a 
6-inch spacing between the disks. The wheat and oats were seeded 
usually during the last part of Apri, and the barley and flax somewhat 
later. With the exception of flax, which should not be sown very 
deep, the small grains were seeded from 2 to 3 inches in depth. The 
seeding in each case was at the rate which was considered best for 
the locality. 

After the crops headed they were freed from mixtures by roguing. 
The cutting was done with a binder and the bundles placed in shocks, 
where they remained until thrashed. Thrashing has been done with 
a small separator with a 12-inch cylinder. Great care was used to 
avoid the mixing of varieties in harvesting and thrashing. 

95887°—Bull, 270—15 9 
“ 
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PLAT RECORDS. 

The first note taken after emergence was of the comparative stand. 
Since seeding was uniform for each cereal or comparable group of 
varieties, uniform stands of plants could be expected when the germi- 
nation was perfect. However, these conditions were noted after the 
plants emerged and a comparison of stands of the different plats was 
taken. 

Other important notes were recorded throughout the season, such as 
dates of heading, ripening, and cutting. If smut, rust, or other dis- 
eases were present, such inte were recorded. 

As each variety was thrashed the weight of the grain from the plat 
was recorded. This weight was then divided by the standard bushel 
weight and the yield in bushels per acre determined. 

Previous to 1912 the varieties of cereals were grown in single plats 
without checks. In 1912 and 1913 check plats were used. In 1914 
all varieties of cereals were sown in duplicate fiftieth-acre plats. 

SOURCE OF THE SEED. 

The cereals grown in the plat tests have come from many different 
sources. ‘The first year nearly all of the seed was obtained from the 
North Dakota Agricultural Experiment Station or from the Edgeley 
substation. Since that time varieties have been obtained from 
varlous sources in North Dakota and in other States, and also from 
foreign countries having a climate similar to that of the northern 
Great Plains area. Promising varieties from the cereal nursery also 
have been increased and grown in the field tests. 

NURSERY EXPERIMENTS. 

Many varieties and races of cereals have been tested in nursery 
rows. This method has permitted work with a much larger number 
of varieties here than in the larger plats. The ground used each year 
was usually cultivated land that had borne potatoes or corn the pre- 
vious year. In this way the land was kept free from volunteer grain. 
Special care was given to the selection of uniform soil, to uniformity 
in the rate of seeding, and to the spacing and length of rows. More 
detailed notes were made throughout the season aboa were Hot of 
the varietal plats under field bond 

The nursery consisted of centgeners, head rows, and rod rows. In 
1908 it was planted entirely in centgeners, from each of which the best 
plant was selected each year for planting the following year. The 
number of centgeners decreased each year until 1912, after which this 
method was discarded. In 1909 the use of head rows and rod rows 
was begun, and in 1913 these entirely replaced the centgeners. 

*» 
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Table V shows the number of centgeners, head rows, and rod rows 
planted each year since 1908. The number of rows of winter wheat 
grown each year since 1911 is shown separately. The winter-wheat 
rows have been 1 rod long or shorter. 

TaBLE V.— Number of plantings of spring and winter cereals in centgeners and in rows 
at the Williston substation, 1908 to 1914, inclusive. 

| | 
Spring cereals. | Spring cereals. 

Winter | Winter 
Year. wheat Year. wheat 

Cent- | Head | Rod TOWS. Cent- | Head | Rod | rows. 
geners.| rows. | rows. geners. | rows. | rows. 

LET Deo. 3 ieee INS | Geee ones SSe cones Geos 19122 eS emose see 53 343 507 125 
US aaa Ree 107 87 8We) |bsconesse I) Recs heer ose SseBenee 500 180 100 
(i) 2S 111 426 SB) se 25am LOA Ree Se ees) etse ere 546 175 75 
(Cie Sees 55 280 200 90 

CENTGENERS. 

In 1908 there were 156 centgener plats. The number decreased 
each year until 1913, when centgeners were discontinued. The cent- 
gener plats were planted in squares with one seed in a place, the seeds 

being 4 inches apart each way. Each centgener was sown with seed 
from a single plant. A complete centgener contained 100 seeds, if 
a plant produced that number. Around the outside of the plat two 
rows of some other variety were sown for protection. 

The best plant in each centgener plat each year was selected for 
planting the following year. All inferior plants were discarded. The 
plant selected for continuing the centgener was the one which ap- 
proached most nearly the standard sought. 

HEAD ROWS. 

The head rows are 5 feet in length and 12 inches apart. The seeds 
are spaced 3 inches apart in the row, thus requiring 20 seeds for each 
row. . 

The material tested in head rows came from various sources. 

Much of it was in the form of individual heads chosen from the 
rarietal plats of wheat, oats, and barley, or from farm fields. Each 
such head was planted in a head row. 

When the work was begun, it was thought that improvement 
would result from continuous selection within a pure line. The best 
plant was selected each year from the head row, just as in the cent- 
gener, and its seed sown the following year. This plan was aban- 
doned in 1912. Thereafter a race was kept in the head row but a 
single year. If inferior, it was discarded. If promising, a rod row 
was sown the following year with bulk seed from the head row. 
Notes were taken throughout the season on heading, ripening, yields, 

and such other factors as were considered essential to proper com- 

parisons. 
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ROD ROWS. 

Previous to 1912 the rod rows were planted by opening a furrow, 
distributing the seed as uniformly as possible by hand, and then 
covering the rows. In 1912 each row was planted with 210 seeds 
1 inch apart in the row. These rows were 17} feet long, but the 
plants from 6 inches at each end of the row were discarded to reduce 
as much as possible the border effect. Only 163 feet were harvested. 

The writer has devised a planter for placing the seeds at uniform 
intervals in the row. This device, which was first used in 1912, is 
fairly satisfactory as compared with the method formerly used in 
planting. The planting device consists of a V-shaped trough 17} 
feet long made in two sections of 8} feet each. It is made of boards 
3 inches wide and 1 inch thick. Transverse grooves were made 1 

Fic. 5.—View of the cereal nursery at the Williston substation in 1912. 

inch apart on the inside of one wing of the trough. A seed is placed 
in each of the notches and remains in its position until the planter 
is tipped into the opened furrow. Each of the 210 seeds then rolls 
down the groove and drops into position in the row. 

The trough may be raised on supports 3 or 4 feet from the ground 
while the seeds are being placed in the grooves. The seeds are placed 
in the grooves quite rapidly by shaking them from the open end of 
an envelope held in the hand. Those that fall out of place are 
quickly moved with a pair of tweezers. 

The row is opened with a small hand plow. The trough with seeds 
in place is then lifted from its supports, the seeds turned into the 
opened furrow, and then covered. Very uniform stands have been 
obtained in all rows during the years the planter has been used. 

The rod rows have contained sowings of the varieties used in field 
tests, newly imported cereals obtained through the Office of Cereal 
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Investigations, selected pure races from the head-row tests, and any 
other samples desired for comparison with standard varieties. When 
promising varieties were discovered, they were increased and placed 
in the field-plat tests. Taganrog durum wheat (C. I. No. 1570) and 
a pure line of Manchuria barley (C. I. No. 882) are good examples. 

Figure 5 shows a portion of the cereal nursery at Williston in 1912. 

EXPERIMENTS WITH WHEAT. 

In the Williston district, spring wheat is grown almost exclusively. 
Winter wheat has been tried in northwestern North Dakota and 
adjoining portions of Montana, but with poor results. In most years 
the winterkilling has been very heavy, and sometimes all the plants 
have been killed. Occasionally the crop has been quite successful, 
with little or no winterkilling, giving better results than spring wheat 
for those particular years. The tests at the Williston substation thus 
far have shown that winter wheat has not been a dependable crop. 

SPRING WHEAT. 

The spring wheats of the North-Central States belong to one or the 
other of two subspecies of wheat, durum and common. The common 
subspecies include the three groups, fife, bluestem, and preston, as 
well as a few miscellaneous varieties. 

The spring-wheat varieties have been grown each year on newly 
broken land, on corn ground, or on fallow. When there were indi- 

cations of the presence of smut the seed has been treated before sow- 
ing. Until 1911 the rate of seeding had been 5 pecks of common 
wheat and 6 pecks of durum wheat per acre. Since that time they 
have been seeded at the rate of 4 pecks for common and 5 pecks for 
durum wheat. In the rate-of-seeding tests this latter rate has been 
found to give as good results as heavier seeding. . 

The annual yields produced by all the varieties of spring wheat 
grown at Williston during the seven years (1908 to 1914) are given 
in Table VI. The varieties are arranged in five groups, according to 
their relationships. The groups appear in the table in the order of 
their importance in this locality. Of the 35 varieties grown during 
the seven years, only 20 were grown in 1914. Seven varieties have 
been grown for all of the seven years. Table VI also shows the 
average yield of each variety for the years during which it has been 
grown. 

The average annual yields of the different groups are shown in 
Table VI for each of the years from 1908 to 1914. The durum group 
made the highest yield in five out of the seven years. In 1910 the 
durum group yielded lower than any other, and in 1911 it yielded 
lower than any other except the bluestem and the miscellaneous 
groups. 
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TasLeE VI.—Annual and average yields, by groups, of 35 varieties of wheat grown at the 
Williston substation, 1908 to 1914, inclusive. 

—r 

Yield per acre (bushels). 

Group, Cereal Investigations number, and variety. 

1908 | 1909 | 1910 | 19114] 1912 | 1913 | 1914 hg 

Durum group: 
1494, Arnautka (N. Dak. No. 778)........-..----- NOs@: || CYA | pos55-|Seacos|posocclloaceo=||-25-=- 21.3 
BOOS svATN ATA tees eae ree eS ae 15.6 | 37.4] 6.1} 8.2] 49.7 | 34.7 | 47.2} 28.4 
Za ees Uu ARDC NO x" SBA B Se. - ie BERR aBa eB EeOsos -|l>oacou|lapesed eaoeeal|eesencl escbee|looacc= 50.0] 50.0 
3657; 4A Ustraliam tases e286 SP eases ek Ses oe Mee ero sarees are se la ois | ears ee 49.6 | 49.6 
1443, Gharnovka (N. Dak. No. 917)-....-..------- ILA Reis | SMe eel ees Sesc obec. 24.1 
14475 1Ghamovkae 252355. 822i os bse ae eee : 25.3 
1447, Gharnovka (selection) 31.0 
1440 Keulbankas=) oo see ee. hee thes ae 29.9 
4063, Karbanika NiO: 8002 scio2 28 8s 2. oe ee [eee pecan. | oie Ciao aaa te eens (aaa 45.0 
2086, Pelissier (selection).........-..------- 25.3 
1350) ePererodka sais) ya can eee ee eee 24.4 
1570, Taganrog (selection) 44.8 
1445, Velvet Don. .O255c2 Aencen kos yee eee 22.2 

AVOLAGO 8 < seice Se cience Sada = Anns 2s. ee plese eoOn ds || 7 9-|o 82 8a 4727 lol OM OkOm Meee 

Fife BrOuD: 
ibssily, KE doth dice) Spaymtaley eee esos sate oenoosconeeco-|-tocce 33.2 | 20.2 | 12.1 | 51.7 | 22.2 | 40.4] 30.0 
2873, Glyndon (Minn. No. 163)................--- 9.8 |} 31.2 | 18.9] 8.0 | 44.7 | 28.2 | 49.2] 26.4 
3641) Marquis 022 4.0 sles os oo oas See eee ee ee eee see Sorel eae ee oer ee 29.0 | 52.5 | 40.8 

iPower ON] Dak. sNoy312) 22 eee eee DAOS CO) [Dea ie ea ee Se eee | 12.2 
IO ere (AN ID ees ING, Bil))\osccatesseaussss--- GeO Weak Od Weel a EO eee eelieenselaosecslsieacs 12.5 

3697, Power (N. Dak. No. 313)................__. 13.1 | 34.0 | 17.1 | 11.1 | 44.7 |¢28.7 | 51.3 | 28.6 
3694, Red Fife (N. Dak. No. 646)..............-. 11.3 | 34.2 | 14.9 | 10.2 | 46.0 | 28.7 | 47.9 | 27.6 

IAV CTA Ooo eisieis Sew aise Coen ne eee 12.0 | 33.2 | 14.9 | 10.4 | 46.8 | 27.4 | 48.3 |_.._.- 

Preston group: 
3328," Preston (Minis NoOl188) seins eh 2s 2 rape ee P| 2 crn eee Foe 47.2 | 47.2 
3692, Preston END alk N(ON-2393)) eee pee | |e er 9.1 | 10.2 | 45.5 | 26.7 |___--- 22.9 
3698, PrestOm esses cohen ar ee Pe 26.2 | 13.4 | 12.7 | 44.7 | 25.0 | 46.3 | 28.1 

SAV EFAS Oo tie sae Saisie sca ee ek a Ok 26.2 | 11.3 | 11.5 | 45.1 | 25.9 | 46.8 |_____- 

Bluestem group: 
3314, Crossbred (N. Dak. No. 318)...............- 11,2 | 31.0 | 12.4 |4@:4.9 | 43.0 |2-- 2 2)22 22 20.5 
3083, Dakota (N. Dak. No. 316)............_...2- 16.7 | 35.1 | 11.1 | 10.9 | 42.3 | 30.7 | 47.5 | 27.8 
3021, Haynes (Minn. No. 51)._.._.._._......-.223 14.2 |-35.9 | 11.0 | 9.2 | 42.3 | 29.2 | 46.3 | 26.9 
2874, Haynes (Minn. No. 169)...............1.... 10.5 | 34.3 | 8.8 |....-- 44.3 | 30.0 | 42.5 | 28.4 

Haynes (selection) = 9.55 tees Si. = 2. a ale O30). Sao eee eee 9.0 
3082, Marvel (N. Dak. No. 722)..........-....... 13.0 | 35.9 | 11.0 |@3.8 | 41.0 ].__.-.]..---- 20.9 

FAVICTAS OS Si cae ca see a me INE aay aa Bete | 3452) |) LON Ne 716F | 4256530 On ma oyom meee 

Miscellaneous group: 
2398:5 Galgalos..2. cos 8 URE CIO AT rh: aaa mm | Bacar eran | SIA eels eat ae ene ae DIE ae Vike tl 
3690, amp packs GNEED akssNiol2365)) se se een | eee | Ee 12.4 | 8.9} 41.7 | 30.0 ]...... 23.3 
3315, TERY OMS) 5 BY 5 ey UE Soh AU ln SRR Ns Ee | 52.2 | 52.2 
2492, Manchuria yeaa ss se eet 2 | P| OR | 19.7 | 46.7] 33.2 
3008, Wollkkorén! 00000. 0 CRB 1 oem Pe RTI a ee a ace | 42.7 | 42.7 
3700; World ‘Beaters 22515, ce ene eae 02. SIMI | RR Pee (A Te 4.9 | 40.7 | 27.0 | 38.8 | 27.9 

AVOTaSO. 3 fu2 Sie eee eae eoeete > | \ Ten irene | 12.4 | 6.9 | 41.2 | 26.1 | 45.1 |.._._- 

Summary of averages: 
DurumMyeroup sas eo scene ee eee ee 13.4 | 36.1] 7.9 
EMifeyer OU Se ae ee ae ee eer -| 12.0 | 33.2 | 14.9 
IPTESLOMIET OUP oss tae Oe ee a aeterem 26.2 | 11.3 
IBluestenier ous eee ss ee een -| 13.1 | 34.2 | 10.9 
Mascellaneous!eroup mes cm ee eee ee 1 a | een | ane 12.4 

a All varieties in 1911 were slightly damaged in the shock by hail. 
6 Yields lost. 
c Average of 3 plats. 
d Not comparable with other yields for 1911. 

Of the common wheats, the bluestem group was highest in yield 
in 1908, 1909, and 1913, the fife group was highest in 1910 a 1912, 
and the preston group in 1911 and 1914. 
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A summary of the yields of twelve standard varieties of wheat at 
Williston is given in Table VII. Seven of these varieties have been 
tested for the entire period of seven years, two for six years, and three 
for only two years. The average yields for each of these three 
periods are shown. ‘The varieties in Table VII are arranged accord- 
ing to these groups. 

TasLeE VII.—Annual and average yields of 12 varieties of spring wheat grown at the 
Williston substation for three different series of years between 1908 and 1914. 

Yield per acre (bushels). 

Group, Cereal Investigations number, Average. 
and variety. 

Q 9 1908 | 1909 | 1910 |} 1911 | 1912 | 1913 | 1914 1908 | 1909 | 1913 

to to | and 
1914, | 1914. | 1914, 

Durum group: 
Pea CHEN ANK A 2-5 aon 'ecics c= ol << Siaie 12.6 | 39.1 | 11.0] 8.9 | 51.0 | 33.0 | 53.8 | 29.9 | 32.8] 43.4 
Ode METIAUICIA. 5 ociaiciotns wincseiins oa= = 15.6 | 37.4] 6.1] 8.2 | 49.7 | 34.7 | 47.2 | 28.4] 30.6 | 41.0 
Pe CART GM ee osm or( cnicces sacl stesso -|--- 2 | eeeeleoceee eee se. 350) | SEG eee see|boases 44.8 

Fife group: 
EE BEOW CIE sao) = at=- scl - wiciimisie soe 13.1 | 34.0 | 17.1 | 11.1 | 44.7 | 28.7 | 51.3 | 28.6 | 31.2] 40.0 
EDL eh ee ee eres 11.3 | 34.2 | 14.9 | 10.2 | 46.0 | 28.7 |. 47.9 | 27.6 | 30.3 38.3 
2873, Glyndon (Minn. No. 163)!.....-| 9.8 | 31.2 | 13.9] 8.0] 44.7 | 28.2 | 49.2 | 26.4 | 29.2] 38.7 
USL) 2 (Clin eee ees ee 33. 2 R20 Sem 2 Ue Wola (ale22- 2) |p 40n49 | ote 30.0} 31.3 
3641, IEG Tris: ae ee See eeced Seeee Meee | > | sence Aes PO GPG oecocclesasco 40.8 

Preston ‘ group: 4 
BROS SE PESLOMS. 2c ctcowah ss 2sace cece en {acca 26.2 | 18.4 | 12.7 | 44.7 | 25.0 | 46.3 |...... 28.1 | 35.7 

Bluestem group: 
3083, Dakota (N. Dak. No. 316)....- 16.7 | 35.1 | 11.1] 10.9 | 42.3 | 30.7 | 47.5 | 27.8 | 29.6 | 39.1 
3021, Haynes (Minn. No. 51).......-- 14.2 | 35.9 | 11.0} 9.2 | 42.3 | 29.2 | 46.3 | 26.9 | 29.0] 37.8 
Deemeteay tes (MINT NO.169)csiec ns alocce -|~- - ~~. eee eeeisee tise wes SOMO N42 550 eee | eer 36.3 

1 Previous to 1911 the Glyndon variety was grown from seed originally obtained from the Edgeley sub- 
station in North Dakota; in 1911 and succeeding years it was grown from seed originally from the Minne- 
sota Agricultural Experiment Station. 

For the period of seven years the Kubanka durum wheat (C. I. No. 
1440) made the highest yield, 29.9 bushels per acre. The Power fife 
wheat was second in yield, with an average of 28.6 bushels. These 
varieties also led for the 6-year period (1909 to 1914), during which 
the Ghirka (C. I. No. 1517) and the Preston (C. I. No. 3698) were 

included. Figure 6 shows graphically the annual and average yields 
of the leading varieties within the four different groups for the six 
years from 1909 to 1914, inclusive. 

In 1913 the Taganrog (C. I. No. 1570), Marquis (C. I. No. 3641), 

and Haynes (C. I. No. 2874) were added to the test. The averages 
for 1913 and 1914 show that in the durum group the Taganrog 
variety yielded more than the Kubanka, and that in the fife group 
the Marquis variety was better than the Power. 

The average dates of heading and of ripening, number of days 
from planting to heading and to maturity, height, yield per acre, and 
weight per bushel of grain for the varieties grown during the 6-year 
period (1909 to 1914) are shown in Table VIII. Figure 7 shows 
heads of eight representative varieties of the four groups of spring 
wheat. 
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YIELD IN BUSHELS \PRECIP)- 
YEAR CLASS VARIETY\. CL We 

PER ACRE TATION 

° g & 2 $ § SS 

SE See. __[ AUBANKA | #40 at : N 
DURUM { ARNAUTKA | 3693 x SS 

POWER 3697 8 p § 
FIFE. ----------- GH/IPKA 1517 N 

TIOST, GLYNDON | 2873 BS g g 

DAKOTA | 3083 S57 VL. * 
BLUESTEM---——- HAYNES |302/ (353 LLL Xe Ine 
l PRESTON---------------7 3698 = Zz » % = 

(Ger i Pee AUBANKA | 1440 ] ere 
QURUM ARNAUTKA \ 3623 

POWER 3697 
JUTE 2222S === GH/PKA (51/7 

79/0 GLYNDON | 2873 

DAKOTA 3083 L 
BLUESTEM rare HAYNES 302/ N y 

TREE Gao —| 3698 pms 
XY 

Ep A eae ke es Nee AUBANKA | 1/440 ] 
(ouRUM { ARNAUTKHA | 3623 

POWER 3697 
FIFE------------ GH/PKA /517 

191/ ) GLYNDON 28738 

DAKOTA 3083 
BLUESTEM----~| HAYNES 302/ 

RESTON = anes --| 3696 

EINE AUBANKA /440 S/N ere 
EZ. UM { ARNAUTKA | 3623 iz27 oe 5 

POWER 3627 
F/F E------------ GH/RKA 75/7 

(12 » GLYNDON | 2873 
aes DAKOTA 3083 

BLUESTEM HAYNES | 302/ EVs aaa 
RETO ge ra 3698 

1s pee KUBANKA | 1/440 
EZ LAL { ARNAUTAA | 3693 

POWER 3627 
FIFE------------7- GH/PHA 1S/7 

19/3 GLYNDON \ 2873 

avi DAKOTA 3083 SOIL A 
BLUESTEM HAYNES | 3021 W292 
JE. WEST MOY = = = SSF 3698 
& 

[Poe Nal a KUBANAA /440 
LAL ARNAUTKA | 3693 

POWER 3697 
FI FE-------------- GH/IRKA /517 

4W/4 GLYNDON | 2873 aa 

rene DAKOTA 3083 WZ STIL ELLE YEA N og 
BLUESTEM { HAYNES 302/ W2ESY/WWUE LILI Ve |e ee Ra We) Pe hy-- \y fie 
[ PRESTON --~----------- 3698 Fre “aa |S 

(FSny ye as eee AUBANKA 1440 
DURUM (eas UTKA | 3693 | 

POWER 3697 | 
AVEP?- FIF E------------- GH/PKA 15/7 
AGE a) GLYNDON | 2873 z 

pete a DAKOTA | 3083 y2ze MMM Ce |ny 
SLUESTE NM { HAYNES | 3021 ZICH 2 vee es 
PRESTON = er a 1 3698 ‘el es 

Fic. 6.—Diagram showing the annual and average yields of leading varieties in four different groups of 

spring wheat at the Williston substation, with data on the annual and seasonal precipitation for the six 

years from 1909 to 1914, inclusive. 
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Tasie VIII —Average growth data, yields per acre, and weight of grain per bushel for 
nine varieties of wheat at the Williston substation, 1909 to 1914, inclusive. 

mé ity 
| Average date. 1D HOGI from— Lik | : 

Group, Cereal investigations num- cures T. xs x F | Yield | Weight 
ber, and variety | Height. Det DEE 

J oe | | ; Pibaiis Il Teteadb | acre. | bushel. 
| Headed. | Ripe. ing ing | 

Durum group: | Days. | Days. Inches. | Bushels. | Pounds. 
tage Karhanka: 2.8. 2e.2 5.22 | July 8 | Aug. 3 105 26 39 32.8 62.0 
STS) AoE Ac ne doses |22 Cosas 105 26 39 | 30.6 61.5 

Fife group: | | 
BDL ROW GL one 2=--o-s5c=---5-2) culy I-) Aug. 4 107 24 35 | 31.2 60.8 
Hoot Ried) Wife. L2) 2222222222 ead OSes (donee 106 24 36 | 30.3 58.6 
2873, Glyndon (Minn. No. 163).-| July 13 |...do_..-- | 107 22 35 | 29.2 58. 2 
Tel (GAT ral ee July 7] July 30 102 23 35 | 30.0 60.7 

Preston group: | | 
MUN BETeStON 2k oie ce ese sa oe July 11} Aug. 2 103 22 | 35 | 28.1 60.7 

Bluestem group: | 
3083, Dakota (N. Dak. No. 316).| July 13 | Aug. 6 108 24 37 | 29.6 57.4 
3021, Haynes (Minn. No. 51)-...-)--- doses sas do 107 24 37 | 29.0 57.1 

| | 

Table VIII shows that the date of heading is earlier for the durum 
than for the other groups, but they require a longer period from 
heading to maturity and ripen at about the same time. They also 

Fic. 7. Heads of representative varieties of the four groups of spring wheat grown at the Williston sub- 

station: Durum group—Kubanka (1) and Arnautka (2); preston group—Preston (3); fife group— 

Ghirka (4), Rysting (5), and Marquis (6); bluestem group—Crossbred (7) and Haynes (8). 

grow tallest and have the heaviest bushel weight. The Ghirka and 
the Preston are the earliest maturing varieties. The bluestem varie- 
ties head and ripen later than the varieties of the other groups. 
They also have the lowest bushel weight. 

95887°—Bull. 270—15 3 
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DURUM GROUP.! 

Durum wheat was introduced into the United States from Russia 
in 1899 by Mr. Mark Alfred Carleton, Cerealist of the United States 
Department of Agriculture. The durum wheats have rather long, 
tough straw and large, heavy, bearded heads. The kernels also are 
large and the bushel weight is high. The grains are held very tightly 
within the glumes, thus enabling them to stand without shattering 
for some time after becoming ripe. Because of the weight of the 
heads, they have a tendency to droop over as the grain ripens, which 
makes the durums more difficult to cut with a binder than the fife 
and bluestem wheats. 

In 1910 and 1911 the yields of the durum wheats were lower than 
those of the other groups. These two years were characterized by low 
rainfall and high evaporation during the growing season. In 1911 
no protracted hot winds occurred, but in 1910 there were several 
days of continuous hot winds about the time wheat was heading. 
There was a normal growth of straw and heads each year, but a 
large percentage of the heads contained no kernels. This condition 
seemed to be peculiar only to the durum group. 
-Kubanka.—The Kubanka variety of durum wheat was intro- 

duced from Russia~by the United States Department of Agriculture 
in 1899. It has a stout, rather broad head with yellowish, glabrous 
glumes and long yellow beards. Of the several durum varieties that 
have been tested at Williston, the Kubanka has given the best 
results, with the Arnautka second. Table VII shows that the Ku- 
banka has the highest average yield of any variety for the 7-year 
period (1908 to 1914) or for the 6-year period (1909 to 1914). For 

the two years 1913 and 1914 it nas given better yields than any 
other except the Taganrog (C. I, No. 1570). 

Taganrog.—The Taganrog variety (C. I. No. 1570) closely resem- 
bles the Arnautka in having a slightly longer head than the Kubanka. 
In other respects the three varieties are very similar in appearance. 
The Taganrog appeared to be promising in the row tests in the cereal 
nursery, so it was increased and finally added to the field tests in — 
1913. For each of the years 1913 and 1914 it produced the highest 
yield of any of the wheats tested. 

FIFE GROUP. 

The varieties of the fife group are beardless and the glumes glabrous. 
They head and ripen a little earlier than the bluestems, as is shown 
in Table VIII. This is especially true of the Ghirka. Their height 
is somewhat less and the bushel weight considerably more than the 
average bluestems. 

1 For a more complete discussion and history of the wheat groups and their varieties see the following: 

Clark, J. A. Cereal experiments at Dickinson, N. Dak. U. S. Dept. Agr. Bul. 33, 44 p., 7 fig.,1 pl., 
1914. Salmon, Cecil, and Clark, J. A. Durum wheat. U.S. Dept. Agr. Farmers’ Bul. 534, 16 p.,4 fig., 
1913. 
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The fife wheats have proved superior in most points to the blue- 
stem group for the territory surrounding Williston. One of the prin- 
cipal points in their favor is that they do not shatter so badly when 
fully ripe. The tests made at Williston show that the quality of the 
fife grain is ordinarily better than that of the bluestem group. 
Power.—The Power variety is a selection from the origimal Red 

Fife. It is said to have originated about 1885 with Mr. James Holes, 
of Fargo, N. Dak., from a single plant. It was increased and dis- 
tributed in large quantities by Mr. J. B. Power, of Power, N. Dak.; 
hence the name. Seed from Mr. Power was given the number 66 by 
the experiment stations of both North Dakota and Minnesota. Later 
selections from Minnesota No. 66 were given the Minnesota numbers 
149 and 276. 

The average yield of Power fife (C. I. No. 3697) for the six years 
(1909 to 1914) has been 31.2 bushels per acre, as shown in Table VII. 
This is the highest yield made by any variety of common wheat 
tested at Williston for the same period. Power fife also has had the 
highest bushel weight of any variety tested except the durums, as 
shown in Table VIII. 

Ghirka Spring.—The Ghirka wheat (C. I. No. 1517) came from 

Russia. It seems to possess better drought-resisting qualities than 
any of the other fifes or any of the bluestems tried at Williston. This 
quality was very noticeable during the two dry years, 1910 and 1911. 
In 1910 the yield of Ghirka exceeded that of any other wheat tested 
that year, and in 1911 it stood second in yield. 

In 1910 and 1911 the heads of Ghirka filled completely to the tips, 
while the other fifes and bluestems did not. Ghirka has a longer, more 
tapering head than the other varieties of the fife group. The kernel 
of the Ghirka is larger than that of the other fifes or of the bluestems, 
but it is not as hard, and the milling quality is somewhat inferior. 

Marquis.—The Marquis variety (C. I. No. 3641) was derived from 

a cross made in Canada between a hard red Calcutta wheat and Red 
Fife. This wheat is of comparatively recent origin and distribution. 
While grown for several years on the Dominion experiment farms in 
Manitoba, Saskatchewan, and Alberta, it has been in the tests at 
Williston but two years. During this time it has given results about 
equal to those from Power fife. 

The growth of straw is shorter than that of the other fifes; the head 
also is shorter, and the grain is held more firmly within the glumes. 
The kernels are short, very plump, and the weight per bushel is good. 

PRESTON GROUP, 

The wheats placed together in the somewhat variable preston 
group are all bearded, with glabrous glumes and hard red kernels 

much like those of the fife group. In some of the varieties the milling 
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and baking qualities are similar, and in others they are somewhat 
inferior to the fifes. Some of the varieties have been known com- 
mercially as “velvet chaff.” This name is unfortunate, since none 
of them have pubescent glumes. The preston wheats possess some- 
what better drought-resistant qualities than those of either the ordi- 
nary fife or bluestem groups. 

Preston.—The Preston variety (C. I. No. 3698) originated as a 
hybrid at Ottawa, Canada, about 1893, from a cross of Ladoga and 
Red Fife. It was selected there for earliness and stiff straw. It is 
the leading variety of this group. Its average yield for the six years 
(1909. to 1914) has not been as high as those of the other wheats 

shown in Table VII. It made a better yield than the bluestems, 
however, in the dry year 1910. In 1911, a second dry year, its yield 
was higher than that of any other wheat shown in Table VIL. 

BLUESTEM GROUP. 

The bluestem group is composed of varieties with beardless heads 
and pubescent glumes. The bluestems head and ripen a little later 
than the fifes. At Williston they have yielded less than the fifes and 
their weight per bushel has been lower. Table VIII shows that the 
average wet per bushel falls below 58 pounds. 

Bluestem wheat has been considered one of the best hard spring 
wheats to grow in the North-Central States. It possesses qualities 
that give it a high place as a bread wheat. The trials at Williston 
have shown that for that district 1t is inferior to the fife and durum 
groups in yield and in quality of grain. The weight per bushel has 
not averaged high enough to insure its being graded as No. 1 northern. 

RATE-OF-SEEDING TEST WITH SPRING WHEAT. 

An experiment to determine the best rate of seeding for spring 
wheat was begun in 1911. Dakota Bluestem (C. I. No. 3083) was 

the variety used. Six rates, varying from 3 to 8 pecks per acre, 
were tried in 1911. The 8-peck rate was discontinued at the end of 
that year and the 7-peck rate at the end of 1913. The results obtained 
are shown in Table IX. 

TaBLE 1X.—Annual and average yields in a rate-of-seeding test of Dakota Bluestem 
spring wheat at Williston, N. Dak., 1911 to 1914, inclusive. 

Yield per acre (bushels). Yield per acre (bushels). 

Rate of Rate of 
seeding. Nee oe: 

y Aver- Aver- 
1911 1912 1913 1914 age. 1911 1912 1913 1914 age. 

3 pecks. . 1.9 43.7 15.7 41.1 25.6 || 6 pecks.. 2.0 48.0 33.0 48.8 33.0 
4pecks. - 2.2 49.0 31.5 47.5 32.6 || 7pecks.. O85 47.6 36:16) |escchecel faeces 
5 pecks. - a7 49.5 30.3 50.4 33.0 || 8pecks.. PLU Memes a eer ellen Ee aoods 
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Tt will be seen that in none of the years was there any significant 
difference between the results from the seedings at 4, 5, and 6 pecks. 
The results from the 3-peck seeding are sufficiently lower to show 
that 3 pecks is not enough. Since the 4-peck rate gives as good re- 
sults as the sowing of 5 or 6 pecks and requires less seed per acre, it 
should be considered the proper rate. The general practice of the 
farmers in the vicinity of Williston is to sow 4 pecks to the acre. 

In each of the years the plat on which the 3-peck rate was seeded 
was more weedy throughout the season than the plats where the higher 
rates were used. Owing to the thinner stand of wheat plants in the 
3-peck rate, the time from planting to maturity was several days longer 
each year. The bushel weight of the grain also wasless. The average 
weights per bushel of grain were 56, 55$, 55, and 534 pounds from 
the sowings at 6, 5, 4, and 3 pecks, respectively. 

NURSERY TESTS OF SPRING WHEAT. 

Table X presents certain nursery data for 84 races in the different 
groups of wheat. These were grown in the 174-foot rows, planted 
each year with the planter that placed 210 seeds 1 inch apart in the 
row. These data are averages for the two years, 1912 and 1913. 
The same races were used in each of the two years. 

The season of 1912 was a very good one for crop production. The 
rainfall was above normal for the growig period, April to July, in- 
clusive. The season of 1913 was the reverse of 1912. It was exceed- 
ingly dry until the latter part of June, and the rainfall from April to 
July, inclusive, was considerably below normal. 

Taste X.—Avcrage of miscellaneous data for 84 different races of wheat grown in rod 
rows ut the Williston substation during 1912 and 1913. - 

Weight | Yield per row. 
Num- | Days : Length) Stools | Heads einen} 

Group and description. ber of | to ma- | Height. (6) per per 1.000 | 
races. | turity. heads.,} plant. | plant. z 

kernels.) Straw. | Grain. 

Durum group: Inches. | Inches. Grams. | Grams.| Grams. 
Smooth glumes..........-.-. 30 106 APPT 2. 49 4, 29 3.40 41.8 477 311.0 
Hairy glumes.............. 9 105 30.1 2.34 4.40 3.71 49.3 466 274.1 

Common beardless group: ‘ 
Smooth glumes............ 18 104 36. 1 3.55 5. 29 4.45 30. 7 519 312.1 
Riairy Pitiines. ... 2... 22. 2 12 104 37.9 3.37 5. 60 4.42 26.5 553 306. 0 

Common bearded group: 
Smooth glumes...........- | 15 103 29.1 3.07 Dap ~I i i 29.8 459 269.3 

In the durum races, as shown by Table X, there were 30 with 

glabrous and 9 with pubescent glumes. Those with smooth glumes, 
which include the races of Kubanka and Arnautka, produced the best 

average yield of grain, 311 grams, compared with 274.1 grams per row 
from the pubescent-glumed races. The straw also was longer and 
heavier and the heads longer. The number of tillers, the length of 

heads, and the kernel weight were lower in the smooth-glumed than in 
the hairy-glumed races. 
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In the beardless common wheats there were 18 smooth-glumed and 
12 hairy-glumed races. As in the durums, the smooth-glumed races 
(mostly fifes) produced more grain, longer heads, and fewer tillers per 
plant than the pubescent-glumed ones (mostly bluestems). The 
smooth-glumed races also had shorter and lighter straw, more heads 
per plant, and greater kernel weight than the hairy-glumed races. 

In the field plats the fife (glabrous glumes) and the bluestem (pubes- 
cent glumes) groups gave similar results in a 6-year average. The 
fifes had shorter straw and heavier yields of grain, with heavier 
bushel weight, than wheats of the bluestem group. 

WINTER WHEAT. 

Winter wheat has been tried at Williston for six years, but the re- 
sults so far obtained are not favorable. Winter wheat can not be 
grown here successfully, at least not until some hardier varieties are 
secured. In 1909, 1910, and 1912 the winter-wheat varieties were on 

ground that either was newly broken or had been fallowed. The 
other years they were in corn stubble, the cornstalks having been left 
standing during the winter. 

In the first case the varieties had no protection during the winter 
except the covering of snow that the plants themselves held, and win- 
terkilling was severe in all three years, with a total loss in 1912. For 
the three years that the wheat was sown in the standing cornstalks, 
the spring survival was much higher. Table XI shows the annual | 
and average yields of seven varieties of winter wheat grown during 
the six years from 1909 to 1914, inclusive. 

TABLE XI.—Annual and average yields of seven varieties of winter wheat grown at the 
Williston substation, 1909 to 1914, inclusive. 

Yield per acre (bushels). 

C.I. No. Variety. | 
| Aver- 1909 | 1910 | 1911 | 19121] 1913 | 1914 
| age. 

SYS} Beloglinas J.) sees eee: 40.0 | 9.9 | 26.5 0| 7.8} 10.0) 15.7 
B0SA see INorthsDakotanNos 1997 mens 2 eee 2656 | 7.3 |°285 7 (|) sis ih US) URS 
GBB. nee Kharkofiis= 2) 3: See = : ee 29.9 | 7.3 | 24.9 On "6ssr eee 13.8 
s(iitseeees Bversolet-24 Ht see ee ee aes | | 21.6 9.1 | 24.9 0 S24) eae 12.8 
36062 see Gratton ==.) 2 See ee ae LOE iie2) 2651 0): eee 13.3 
3099 Ae IReligbles 222% 22 [ooie2 ease ne 2... re ees 8.7 | 18.2 0 (le eatene 8.5 
ea SEES 5. Biitume Nose es ee ee oe eel eps ll eeesese | omen 0) Paro ed: 16.4 

Averagessunreh she... are 27.6 | 8.3 | 24.9 | o| 9.8] 143| 13.7 

1 The 1912 crop was entirely winterkilled. 

The Beloglina (C. I. No. 1543) and an unnamed variety known as 
North Dakota No. 1997 (C. I. No. 3084) have been found to be the 

hardiest and best yielding varieties at Williston for the entire period. 
Both these varieties are of the Crimean or Turkey group of hard red 
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winter wheats. They have bearded heads and white, glabrous glumes, 
_ except that North Dakota No. 1997 has become somewhat mixed and 
contains some plants with red glumes. 

The Beloglina produced an average yield of 15.7 bushels for the six 
years, and North Dakota No. 1997 yielded 15.3 bushels per acre. 
The average yield is reduced because of the total killing of the 1912 
crop. As previously stated, the plats were on bare ground that year. 
The Beloglina was sown also in another location between corn rows 
and the stalks left standing all winter. The spring survival of this 
plat was good and a yield of 35.1 bushels per acre was harvested. 
Substituting this yield in the year 1912, when there was no yield from 
the plat sown on bare ground, would raise the average yield for 
Beloglina from 15.7 to 21.6 bushels per acre for the six years. 

Buffum No. 17 (C. I. No. 3330), introduced into the tests in 1913, 
gave a higher spring survival in 1913 and 1914 and a higher yield of 
grain than either Beloglina or North Dakota No. 1997. ‘The heads | 
of Buffum No. 17 are beardless and the glumes are glabrous. In 
appearance it resembles Ghirka Winter wheat (C. I. No. 1438). The 
other varieties have bearded smooth-chaffed heads. 

With these results with winter wheat at Williston it would seem 
that a good spring survival can not be had unless the plants have 
some such protection as cornstalks or grain stubble. To seed on corn 
ground and leave the stalks standing is too expensive where the corn 
fodder is valued as highly as it is in the Williston district. 

In date-of-seeding trials of winter wheat at Williston it has been 
found that seeding about the middle of August gives better results 
than later seeding. If the stubble ground of some spring grain is 
used for the winter wheat, it is necessary to seed almost as soon as 
the grain crop can be removed. However, if the autumn is about 
normal in rainfall, there is likely to be insufficient moisture in the 
stubble land to germinate the seed. 

NURSERY TESTS OF WINTER WHEAT. 

Winter wheat has been tested in the nursery at Williston since 1911. 
Selections have been made from the varieties that have shown the 
hardiest qualities. Selections also were obtained from hardy varieties 
at the substations at Moccasin, Mont., and Newell, 8. Dak. 

Different methods were used in preparing the ground for seeding. 
Some sowings were made on bare ground, some in standing corn, 

some in grain stubble, and some by covering the rows lightly with 
straw. Whenever the rows were protected in any way by a covering 
of straw or snow, the winterkilling was very slight or there was none 

at-all. Whenever the rows remained without covering, most or all 

of the plants were killed. 
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EXPERIMENTS WITH OATS. 

The annual and average yields of the varieties of oats that have been 
grown in plat tests at Williston for the seven years from 1908 to 1914, 
inclusive, are presented in Table XII. The varieties are grouped in 
the table according to their date of maturity, the groups being early, 
midseason, and late. The midseason group is further separated into 
white, yellow, and black varieties. Of the 38 varieties included in 
the table, only 17 were grown in 1914. 

TaBLeE XII.—Annual and average yields per acre of 38 varieties of oats grown at the 
Williston substation, 1908 to 1914, inclusive. 

Yield per acre (bushels). 

Group, Cereal Investigations number, and variety. | l 

1908 | 1609 | 1910 | 1911 | 1912 | 1913 | 1914 eae 

Early yellow group: 
GUM) USMS Oi 555 o5cbaasascosscoreessscsaR0s||s2-e2clloocogeec Bde bescae Padeececlison ce WOOO Eevee 
165, Sixty-Day Ree fa le eee ee eee Se EES eo Siie 28.8 TAG=83 |) hah |) ble 50.3 | 45.0 | 82.2 | 42.6 
165, Sixty-Day (N. Dak. No. 666) -..--.....-- ADR erecta: |siste abn [aes Soe seer decals Seeder ettes eee 

Midseason white group: 
731, Abundance (N. Dak. No. 966) -........--- 31.3 91.1 | 12.5} 7.7] 104.7 | 93.4 |123.9 | 66.4 

Abundance (N. Dak. No. 866).....-...--- IDS Sh Seesatee Sanaa eaesee Meese (See tc|sscoccl|ssoecs 
336, Belyak (N. Dak. No. 1425)-.............- 14.3 84.0 | 12.0} 6.1 68.82|5522—4|Feeees | 36.0 
733, Big Four (N. Dak. No. 38).......-.-.- ~--| 28.0 99.3 | 9.4 | 10.0 DIES || GES) |leo-e 52 50.1 

Big wour (Ne DakoiNoyt25) e242 25--425-58 17/3! al eee (eee ee Peer eee 
444) CAnaGianes 35 a4 el he iaprse eee ae Saae 2 ei Co | Se eet os ote | arte eo [beeen eeeeee Al (Peocee| Hoseoe 
734, Early Gothland (Minn. No. 26).......---- 16.4 83.6 | 13.0] 6.1 962044 2-2 See 43.0 
754, IDEM by ai KOPIN EM eee oes oes eseecrenacl|se>- 24|bsdesnac|secoua| eas solbceces s- 62.5 | 96.1] 79.3 
491, JER ALAN ees ae MBS Meese Se Senge i: 29.6 8016) | A255) 926) | 105508 ees es 47.5 
736, le ha libiite ee earn aaa aoe Reto s eee on oe occ leer asree eeenelsenoae 62.2 | 58.5 || 92221) 7120 
492° igowowt sete ees ess ee a cee: 30.4 | 104.1] 3.6} 8.9 Wedel Besser ok coe 49.2 
737, igowoi@Ne DakesNO 703) bese sse ee saoneee 28.3 Chae UEON tere || MOR | 7205S ||---.-- 51.8 
738, Lincoln (N. Dak. No. 48)....-..---..---- 32.1 96.2 | 15.6 | 7.0 101.3 | 84.5 124.3 | 65.9 

inl COln eee ae sass Coe ene tee ee eee ee 1. | Gaeeee ee Conese Gace saeco bascmclscarscloccccs 
745, Minnesota No. 202 (N. Dak. No. 802)._._- 28.0 S952) ||) L220) i768 || LOSS 25 CONGR Eee 53.4 
739, Miyrick (Ne ake NOb2) epee seeeeee ree 27.3 90.4 | 8.9 | 10.0 107.8 | 82.5 }102.3 | 61.3 
741, Siberian (N. Dak. No. 864)....-........-- 29.0 | 104.1 | 10.9} 5.1 106.9 | 79.4 |116.4 | 64.5 
714, Silvermine (N. Dak. No. 723)........-.-- SPA eeLOZSSN | 14583 | marae 95.7 | 67.5 120.7] 63.8 
134, Swedish Selec tissrys. eine se cee Sees ese 28.4 86.0] 7.8] 9.9 84.4 | 68.8 | 97.3 | 54.7 

See ee ORS: aoe ante ee ela se dle. 2] Sea | reread events all Eee ap 66:3) e oS al Eee 
742, Vidlony ESSE OnE Sno Ae Sees occos| soo eadec EOSSee Bocere 88.2 | 75.6 | 95.2 | 86.3 
743, White Waverly AN. Dak. No. 997)...---- 11.3 68.0 | 8.3 5.7 bol al SRE] Se Sao 35.6 

Midseason yellow group 
735, Golden gia (N. ID eke, WORLD) oe ee eee DBE om ee LOLEO | 7289) 458) LOSS2 N84 5m | Bee 53.8 
493, Gold enghaine ete. sereerreceereren aes ace 1AM OW es SHAS oa bee Sec eben eeeeee 123.3 | 69.1 
494° IPTODSLCIER yao se see Oe oe cae VANQ A Eee = «aa zane sic!| cape ti ||- 2 Scare oeteeiels | EES eee 
495.“ProbSteler oa: so2ae eee coceeee cee eae eee 36.1 95.0] 9.4] 6.1] 101.3 | 72.0 |112.8]| 61.8 

Midseason black group: 
Black BD eautyecnc S46 soe< gence ceases <2 3 |e eee oeee ir A ie Is iad ess Borel ie scuc se 

(66, Black Beau ty.esat cosas see eae Se = = =| eee ioe ice cies) Snceeea | ere eel eee 82500 Rese 
AQG WB ACksB ell nce ec pains AWege sity Ags ie elie ye QBISA| eesecdi| jas'seeieee soe ates «cee See eee eee 
AO 7G Leat MIO STi pees ene namie eee DORA sca syal| cve.cie.< <'l|= ateie all = sie lee = Ae eieerel ee eee See 

Late white (side oats) group: 
740, New Zealand (N. Dak. No. 50)........... 36.1 865451) 8:9) || 325) || 10622782580 aeeeee 54.0 
713, Martanian (GN Dake NOw388) sss. 52255 once 21.4 67.4 | 11.5 | 1.3] 118.8 | 83.1 | 66.8 | 52:9 
732, White Russian (N. Dak. No. 51)........- 23.0 QOSSa lls sOn lea 120.6 | 80.3 |102.0 | 58.9 
744, White Russian (N. Dak. No. 54).....__-- 20.6 CORO R UL OR 2S 2 103.2 | 76.3 |102.4 | 56.4 

White Russian (N. Dak. No. 238)........ TORGM eee cera alle snr eee ores |: oo iol eee oe ee 
| 

In 1908 and 1911 the oats were seeded on ground that had pro- 
duced small grain the previous year. In all other years they were 
grown either on breaking or fallow. The ground each spring was 
worked into good condition before seeding by harrowing alone or by 
disking and harrowing. 
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The seeding was at a rate of 8 pecks per acre from 1908 to 1912, 
inclusive, 6 pecks per acre in 1913, and 4 pecks per acre in 1914. 
The rate-of-seeding tests at Williston have shown that the best rate 
at which to sow oats in that locality is between 4 and 6 pecks per acre. 
The oats have not been treated for smut every year before seeding, 
but only when indications of smut were noted. 

The only early variety which has been grown more than one year 
is the Sixty-Day. By far the greater part of the oats grown at 
Williston belongs to the group here designated as midseason white 
varieties. These varieties have also produced the best yields. They 
are decidedly variable as to size of panicle, size and shape of kernel, 
and other characters, but these differences are not apparent enough 
to justify further subdivisions into groups at this time. 

Of the midseason yellow varieties, only the Probsteier has been 
grown for the full period, while none of the black oats has been 
included in the test for more than two years. The late varieties 
grown at Williston all . 
have one-sided pani- 
cles. They have been Aa ie CER GORE 

> s ABUNDANCE------- 73/\ 664 

exceeded in yield by Wi rae Aa 
anic S/BERIAN------~- 74) \645 several open-panicled = | “aseason | rrr alana 

varieties of midseason MV RIEH ——————— 733) 6/3 
3 SWEDISH SELECT 134|\547 

white oats. OSE Oy) PROBSTEIER-~----895) 61.8 
WHITE RUSSIAN ---732| 589 

CATE) Wy/TE RUSSIAN ---744| 564 
J A ° ‘i E WHITE SUMMARY OF OAT YIELDS We ae 

VELL SO Te /65 |42 6 aE 
The annual and 

average yields, the 
nwarags 1 ates f Fig. 8.—Diagram showing the average yields of eleven varieties of oats 

average dates oO at the Williston substation, 1908 to 1914, inclusive. 

heading and _ ripen- 
ing, the height, and the weight per bushel of the 11 varieties of 
oats which have been grown for seven years (1908 to 1914) at the 
Williston substation are shown in Table XIII. The yields are also 
shown graphically in figure 8. The varieties are arranged in the table 
and in the graph in the order of their average yields. 

Of the varieties included in Table XIII, one (Sixty-Day) may be 
classed as early, three as late, and the remaining seven as medium or 
midseason varieties. Heads of four representative varieties are 
shown in figure 9. 

EARLY VARIETIES. 

The only early variety of oats which has been grown for the full 
seven years at Williston is the Sixty-Day (C. I. No. 165). This 

variety was originally imported from southern Russia by the United 
States Department of Agriculture in 1901. <A similar variety, the 
Kherson, was imported a few years earlier from the same region by 

the Nebraska experiment station. The Sixty-Day and Kherson oats 
ere now grown extensively in the corn belt and in the semiarid por- 
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tions of the United States. At Williston, however, they have given 
far lower yields than the other varieties under test, and there is no 
good reason for recommending them for this district unless a very 
early variety is desired. 

Fig. 9. Literals of four varieties of oats grown at the Williston substation (left to right):,1, White Russian; 
L 2; Siberian; 3, Swedish Select; 4, Sixty-Day. 

TasLe XIII.— Annual and average yields, growth data, and weight per bushel, by groups, 
of eleven varieties of oats grown at the Williston substation, 1908 to 1914 _ inclusive. 

Yield per acre (bushels). io = 

2 
Group, Cereal Investiga- - = 

tions number, and fs eae uae ela 2] 

variety. =p ; ip & | 8 = 3 

cool et a | cx cami mermess els |=|2 
> =) col coal ol mo cal ss 3) 

Se SN SaaS | SR an ace BeBe] = 

Midseason white: | | Days|Days\ In. | Lbs. 
731, Abundance. .--| 31.3) 91.1|12.5) 7 7)104. 7/93. 4,123.9,'66.4 July 11} Aug. 4 102} 24) 36) 26.1 
(eis, Int oA Sa 32.1) 96. 2/15. 6) 7.0,101. 3/84. 5)124.3/65.9) July 10 |...do.....| 102) 25) 36] 27.7 
741, Siberian. _...-- 29.0 104.1)10.9) 5 1/106. 9/79. 4/116. 4/64. Dieulhys: daly | eadoneeee 102} 24! 37) 30.7 
714, Silvermine....-| 37.4103.3/14. 8} 7 3) 95. 7/67. 5120. 7/63. 8) July 10 | Aug. 3 102} 24) 35) 32.0 
Wao eeMiyricker  sese= 27.3) 90.4] 8.9.10.0)107. 8/82. 5 102. 3/61.3) July 11} Aug. 5 103 25| 35) 29.7 
134, Swedish Select.) 28.4) 86.0] 7.8) 9.9) 84.4|68.8] 97.3/54.7) July 9] Aug. 2 101 24! 36) 30.7 

Midseason yellow: 
495, Probsteier. . - -- 36.1) 95.0) 9.4) 6.1)101.3/72.0,112.861.8 July 11 | Aug. 5 102} 25} 36) 31.0 

Late white: 
732, White Russian | 23.0) 70.8 13.0) 2.9120. 6)80.3)102.0)/58.9) July 15 Aug. 9 107} - 25) 38) 30.4 
744, White Russian | 20.6) 79.0/11.0} 2. 2/103. 2|76.3)102. 4/56. ZNO 26h) oe domes 107 25) 38) 30.9 
713, Tartarian.-_._.- 21.4| 67.4/11.5] 1.3/118. 8/83. 1])66. 8152. 9)..-do____- Aug. 6 106 22) + 37| 29.3 

Early yellow: 
165, Sixty-Day...-. 28.8) 76.3) 4.2)11.2) 50.3/45.0| 82.2/42.6) June 29 | July 24 89 25} 29) 30.0 

} 
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MIDSEASON VARIETIES. 

Seven of the eleven varieties under discussion may be classed as 
medium in maturity. The average date of ripening of these varieties 
for the seven years ranges from August 2 to 5, 101 to 103 days being 
required from seeding to maturity. Six of these varieties have 
yielded more than any of the early or late oats, while the seventh, 
Swedish Select, has yielded less than the two stocks of White Russian. 
All are open-panicled varieties and all have white hulls except Prob- 
steier, which is yellowish white. 

The farmer in the locality of Williston who grows any of these 
varieties, with the possible exception of Swedish Select, will make no 
mistake. The average yields here reported show that there is little 
choice between them, though Abundance, Lincoln, Siberian, and 
Silvermine have slightly exceeded the others in average yield, due in 
part to their extremely high yields in 1914. The weight per bushel 
of the Silvermine is higher than that of any of the other varieties in 
the test. 

LATE VARIETIES. 

The White Russian and Tartarian are very similar, if not identical, 
varieties of late oats. They mature about August 6 to 9 at Williston, 
requiring from four to six days more from seeding to maturity than 
the midseason varieties just discussed. The heads are long, com- 
pact, and turned to one side (side, or horse-mane, oats). The kernels 

are white, long, and slender. In favorable seasons they usually 
yield well, but in ordinary or particularly unfavorable years they 
usually fall far below the earlier varieties. 

The 7-year average yield of the best White Russian (C. I. No. 732) 
is 74 bushels lower than that of Abundance, the best open-panicled 
variety. Both stocks of White Russian have yielded more than the 
Tartarian, though the difference is largely due to the low yield of the 
latter in 1914. The yield of the Tartarian was low in 1914 because of 
poor germination and the poor stand which resulted. 

Ixcept where large acreages of oats are grown, so that it is desirable 
to have the maturity of the crop extend over a considerable period 
to prevent losses in harvesting, the growing of side oats in this dis- 
trict is not recommended. 

RATE-OF-SEEDING TEST WITH OATS. 

A rate-of-seeding test with oats has been conducted for four years 
(1911 to 1914) at Williston. The Swedish Select variety has been: 
used in this test, in which the rates of seeding were 2, 4, 6, 8, and 10 
pecks. The 10-peck rate of seeding was discontinued in 1914. The 
results of this experiment are shown in Table XIV. 
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Taste XIV.—Annual and average yields in a rate-of-seeding test of Swedish Select oats 
at the Williston substation, 1911 to 1914, inclusive. 

Yield per acre (bushels). 

Rate of seeding. 

1911 1912 1913 1914 Average. 

Pan OY 16) ech ee ee Pee ee aos a AS nave aS SC 3.5 76.9 38.8 82.2 50.4 
A DECKS Us se ete clas neve Ble ein Speen eps eyo os ts ee 6.0 70.0 73.8 97.3 61.8 
6 pecks hs isis Ses Ae ected e ee eo Soe ee 6.4 53.7 78.1 108.2 61.6 
S'peckse ss os So Se a ee eee 2 oe cae 1.3 60.0 75.6 111.4 63.6 
LOMPCCKS: </25 3S Bs ae SOs Se are De Se t= ech 10.8 64.4 73-0) | 22225 ce ee See eeeeeee 

The highest average yield, 63.6 bushels, as shown in Table XIV, 
has been obtained from the 8-peckrate. This yield, however, is only 
slightly higher than was obtained from the 4-peck and 6-peck rates, 
and when the extra bushel of seed required is taken into account it 
exceeds the 4-peck rate by only 0.8 bushel. 

Attention is called to the fact that three of the four years during 
which the test has been conducted have been favorable ones for crop 
production and that one of them (1914) was particularly favorable 
for oats. Experiments elsewhere in the Great Plains have shown 
that the higher rates of seeding for the various cereals usually give 
best returns in favorable years, but that in ordinary or unfavorable 
years the lower rates are better. If the particularly favorable year 
(1914) is disregarded, the average yield from the 4-peck rate at Willis- 
ton for the preceding three years is about 3 bushels higher than from 
either of the higher rates. At present, therefore, it appears to be 
advisable to recommend sowing from 4 to 6 pecks of oats to the acre 
in the Williston district. This test will be continued and the results 
reported at a later date. 

EXPERIMENTS WITH BARLEY. 

Practically all the varieties of barley which have been grown at 
Williston have been of the ordinary hulled (common) class, though 

two naked (hull-less) varieties have been included in the tests. Al 

the varieties, with the exception of Nepal, are bearded. About two- 
thirds of the hulled varieties are 6-rowed and one-third 2-rowed. 
The annual and average yields of the 26 varieties and races of barley 
which have been grown at Williston for the seven years from 1908 to 
1914 are given in Table XV. Of these 26 varieties only 14 were © 
tested in 1914, the others having been discarded previously. 

LEADING VARIETIES. 

As shown in Table XV, the yields of only six varieties of barley are 
available for the full period of seven years. Of these, four are 6-rowed 
and two are 2-rowed barleys. All are bearded‘and all are hulled (com- 
mon) varieties. The few naked and hooded varieties which have 

been grown at Williston have produced very low yields. 
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Taste XV.—Annual and average yields of 26 varieties of barley grown at the Williston 
substation, 1908 to 1914, inclusive. 

Yield per acre (bushels). 

Group, Cereal Investigations number, and variety. : 

1908 | 1909 | 1910 | 1911 | 1912 | 1913 | 1914 ae 

Six-rowed hulled group: 
881, Bernard (N. Dak. No.789)........ aE SE ES 17.1 | 52.1) 5.7) 9.8-| 62.9 | 40.0 | 53.9] 34.5 
575, BE DUDI. a cioee e elas ae SNe | aes Wad | LOLS 59. 2)) ©) | 538: 2))) 3478 _ 
638, Manchuria (Minn. No. 6)..................-- 15.7 | 57.0} 8.1] 6.6] 74.0 | 44.8 | 53.2] 37.1 
643, Manchuria (Minn. No. 105).................. 14.2} 49.4] 6.7] 11.0 | 71.5 | 37.1} 65.1] 36.4 
MS BRAT CINE ee Gene ete | ee eet spec <2 58.3 | 46.3 | 76.6] 60.4 
eo Manchuria. (Minn: No: 32) 2.2.22. 2.222.-2-- TB 7 | OES SRA ee tet lege eeelisecee 26.7 
880, Manthonin( Minn NOS8%) = 25. .2-2-0.022-.54 Oi || Giles ||  SEGM eed) Soe) Passe aiceseae 25.8 
S855 Manchuria (N. Dak: No. 172)... 2.2..2..--.2. (2 EO, BAO sta 10s) GE Saale near 24.7 
886, Manchuria (N. Dak. No. 252)..............-- Sea sem oe le QU SGS. dasha es ee 27.9 
887, Manchuria (N. Dak. No. 871).....2.......--- 13.3 | 538.5} 4.5 | 10.2] 60.8} (@) | 52.4] 32.5 
On TUCKOns sce ha ki st Soe ouc lees . - = 2) Cee 55.6 | 3.7] 7.7 | 61.3 | 49.8 | 52.9 | 38.5 
889, REAP REIUMED No )a- (So ais 2/sas os s>- + = 22 =| 46.8] 2.2) 5.1] 61.5 | 51.8 }-..2.- 33.5 

, Russian (N. Dak. No. 107) Bee ete eee. 13) |) SS BeOay Ban POUSOH eS osclisecsar 27.6 
890; Silver King (N. Dak. No. 719)..........--.-- POOR PSR fel) leit | Goel Son alee ae 30.0 
882) Williston No. 170 (N. Dak. No. 966).........-| 18.2 | 53.7 |. 6:7 | 12.3 | 65.5 | 51.3 | 71.3 | 39.9 

Average of G-rowed hulled...--...............-- 12°8 | 58.3 | 4.1 | 9.0] 62.0 | 44.6) 59.8:]..._.. 

Two-rowed hulled group: 
Mee RM elt NORD Coc =e. ec ete oe ccte <5 in| Ce | IIE eS 50S Of | see eee es | ets 
203, Hanna (N. Dak. No. 649) ........-.::........- 10.0 | 56.0] 3.9 | 10.6 | 65.8 | 19.6 | 66.7 | 33.2 
531, LEVTSTSC (CLG oe eee See tne - -/| ce naelidas nal aoserel ieemeee 26.2 | 72.9} 49.6 
883, Highland Chief (N. Dak. No. 847)...........-| 10.6] 47.8 | 2.4] 5.5 | 66.6 | 24.0 ]..._.. 26.1 
532, JESSE. oS 2 eae a em GS || Sa [erage lle ey Me he GSAGnlaeeeyye 
pid, LED DS Ae Has a ene ge |) 0S Re eee 25.8 | 54.7] 40.3 
SolemucressicN. Dak, No. 171)2:.:2-.----cu2202-2- 11.3 | 46.0} 1.2] 8.5] 68.3 | 26.9 | 48.5] 30.1 
187, Svanhals...... SOC SBROR SEI AS EE aS Ane ee Bool) 2 2255S a See SESE See rene tees Siei/||See ane 

Average of 2-rowed hulled..............-..-..-- TOROMPA9NO NY) (205) 8.2) 1) 62.7 | 2407 6082) |. 2S: 

Six-rowed naked group: 
Petes ees ee oo ef doc enceeeeint =. ---| eee 33.3 Ae Oso Ales (2) Ears vege 20.7 

Two-rowed naked group: 
Roamer warn. Dak. No; 149)3: oo: 5....0...---|SSeeeeeeee SHON NOH Sto OO) | eee eae 15.1 

Summary of averages: 
SUE RCTESWIEMAR NITION ont eo Se co sac e ees 12.8 | 53.3 | 4.1 | 9.0] 62.0) 44.6 | 59.8 |_..... 
LSet es LOSGs WAGED) |) 255.) 8526227 | 24.7) 6052 |... 
SLU SD Gila Se Fr Bos oA NOON ies ame eee aoe mets 
MCeETOW OE NAKOO fo oo) cote cia eee sees 2.-- >| ee eee 335(0):|| entinisial POs) os eeeelinc ee sa||eedss 

1 Record lost. 
2 This variety is distinct from the 6-rowed hooded hulled variety commonly known as Success, for which 

the name Horsford is preferable. 
3 Yields in bushels of 60 pounds; yields of other varieties in bushels of 48 pounds. 

The annual and average yields, the average dates of heading and 
ripening, height, yield per acre, and weight per bushel of these six 
varieties are shown 

m taple XVI. In 

this table the varie- 

ties are arranged ac- 
cording to their aver- 

2 BE RNARD~~~~~~~~~~~~ 68/ 
age yields for the 7- |, eo ee ans 
year period. These | 72%? |svccess------------ 89/ 

yields are shown 

graphically in figure 

YIELD /N BUSHELS 
PER ACRE VARIETY C/ 

we 

WILLISTON N2/7O 882 

SI MANCHURIAIMINN. N26) 638 

ROWED) nya yc HURIA(MINN 2/05) 643 

iy) 

Fia. 10,—Diagram showing the average yields of six varieties of barley 

at the Williston substation, 1908 to 1914, inclusive. 

10. Figure 11 shows heads of representative varieties of three dif- 
ferent groups of barley grown at Williston. 
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The average annual yield of the four 6-rowed barleys has been 
greater in each of the seven years than the average annual yield of the 
two 2-rowed varieties (Table XVI). The average yield for the entire 

period is 37 and 31.6 bushels, respectively. Quite different results 

Fic. 11.—Heads of three varieties of barley grown at the Williston substation: 1, Manchuria; 2, Svanhals; 

3, Hannchen. 

were obtained at the Dickinson substation, where the 2-rowed vari- 
eties considerably exceeded the 6-rowed in yield.! 

SIX-ROWED VARIETIES. 

All the 6-rowed varieties listed in Table XVI are very similar in 
appearance. ‘They all belong to the Manchuria group, which is the 
barley commonly grown in Wisconsin and Minnesota. 

The highest average yield for the 7-year period (1908 to 1914), 39.9 
bushels, has been produced by the Williston No. 170 (C. I. No. 882), 

1 Clark, J. A, Cereal Experiments at Dickinson, N. Dak. U.S. Dept. Agr. Bul. No. 33, 1914, p.31-36. 
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an unnamed variety of the Manchuria group grown locally near Willis- 
ton. Since 1910, as noted in Table XVI, the yields reported are for 
a pure-line selection from the original stock of Williston No. 170. The 
average yields of two lots of Manchuria (Minn. No. 6, ©. I. No. 638, 

~and Minn. No. 105, C. I. No. 643) for the seven years are 37.1 and 36.4 
bushels, respectively. , 

The Bernard (C. I. No. 881) is another local variety similar to Man- 
churia. The average yield of this variety for the seven years is con- 
siderably lower than that of the others here reported. 

Taste XVI.—Annual and average yields, growth data, and weight per bushel of six 
standard varieties of barley grown at the Williston substation, 1908 to 1914, inclusive. 

To ma- me 
Yield per acre (bushels). turity a 

: from — 5 
Group, Cereal Investiga- S 7 

tions number, and vari- j "s & 5 g 
ety. o S 2, 50 a0 a 

4 BS =| a sl = pees 
3S] io} 1) 

clalolAalale|=a| 3a a) 8 q 3 | oe 
oS oS Sol Sal oma Smal iol > lax} fos} —_ oO o Ss 

SEE | ae els We || <a A A fal BH || =e 

Six-rowed: Days. |Days.| In.| Lbs. 
882, Williston No. 1701.)18.2.53.7) 6.7/12.3/65. 5/51. 3)71.3/39.9| July 5 | July 26 88 21} 34) 45.4 
638, Manchuria (Minn. 

LV. = /15.7.57.0) 8.1) 6.6)74.0/44. 8/53. 2/37.1] July 6 |-..do.... 88 20) 32] 44.9 
643, Manchuria (Minn. 
ii LS) eS 14, 2/49. 4) 6.7)11.0)71. 537. 1/65. 1/36. 4|...do-....]...do.... 88 20) 32) 46.6 

Bet ebermard!.j:.....%-.- |17.1|52.1} 5.7) 9. 8/62. 9/40. 0/53. 9/34. 5|--,do....| July 25 87 19} 33) 46.6 

BVETANO ss ox sina oaess- 16. 353.1] 6.8} 9. 9/68. 5/43. 3/60. 8/37.0 

Two-rowed: 
203, Hanna..... Bus. sex. 10. 0/56. 0} 3. 9/10. 6/65. 8)19. 6/66. 7/33. 2) July 10 | July 27 90 17| 27] 47.7 
891, Success........---- 11.3/46.0] 1.2] 8. 5/68. 3/26. 9/48. 5/30.1] July 15 | Aug. 2 96, 18] 26] 47.2 

IAVGIAPO.25-.--- 2.25 .-|10. 7/51. 0} 2.6} 9. 6)67.1 23.3 eee 

1 In 1910 and succeeding years the yields reported are those obtained from a pure-line selection from the 
original Williston No. 170, a variety of the Manchuria group. 

The average date of maturity of the 6-rowed varieties, as shown in 
Table XVI, is July 26, which is one day earlier than that of Hanna 
and seven days earlier than that of Success, the two 2-rowed varieties. 
The average height of the 6-rowed varieties, 32 to 34 inches, is several 
inches more than that of the 2-rowed varieties, an important matter 
in dry-land farming, where barley and other grain is sometimes too 
short to harvest with the binder. In weight per bushel the 2-rowed 
varieties have exceeded the 6-rowed, the average weight of the former 
being 47.2 to 47.7 pounds, while the four 6-rowed varieties vary from 
44.9 to 46.6 pounds. 

TWO-ROWED VARIETIES, 

The two 2-rowed varieties, Hanna (C. I. No. 203) and Success (C. I. 
No. 891), as already stated, show a lower average yield for the seven 
years than any of the four 6-rowed varieties included in Table XVI. 
The average yield for Hanna is 33.2 bushels and for Success 30.1 
bushels. The Hanna has yielded more than the Williston No. 170 in 
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only two of the seven years, and in these two years the differences 
were very slight. It has also yielded more than the Manchuria (C. I. 
No. 638) in only two years, 1910 and 1914, but in both cases the 
difference has been considerable. The Success has yielded more than 
Williston No. 170 and Manchuria (C. I. No. 638) in only one of the 
seven years. 

The unsatisfactory yields of the 2-rowed varieties may be due in 
part to an unfortunate choice of varieties. However, their perform- 
ance thus far does not warrant recommending them for this section 
or describing them in detail in this bulletin. 

NURSERY TESTS OF BARLEY. 

A. considerable number of varieties and stocks of barley have been 
grown in the nursery at Williston. All the varieties grown in the 
field plats, as well as a number of others, were grown in the nursery. 
The greater part of these varieties, as in the field tests, were 6-rowed 
and 2-rowed bearded hulled barleys, but 2-rowed and 6-rowed 
bearded naked and 6-rowed hooded naked varieties were also included. 

The number of varieties in each class, with the average number of 
days from seeding to maturity, height, length of head, number of 
stools and of heads per plant, weight of 1,000 kernels, and weight of 
straw and of grain from a rod row for each class in 1912 and 1913 are 
shown in Table XVII. 

TaBLeE XVII.—Average miscellaneous data for the various classes of barley grown in the 
nursery at the Williston substation in 1912 and 1913. 

Yield from rod 

Num- | Days Leneth| Stools | Heads Weight Tow. 
Class. ber of | to ma- Height. of Head T per | of 1,000 

races. | turity. ‘| plant. | plant. |kernels. 
Straw. | Grain. 

Bearded hulled: Inches. | Inches. Grams. | Grams.| Grams. 
Six-rowed ............-.- 30 91 29.5 | ~— 2.50 7.59 5.90 40.5 521 459.5 
Two-rowed.......-..---- 27 92 29.0 3.15 9.50 7.46 45.1 589 430.9 

Bearded naked: 
Six-rowedsene- see 9 86 25.3 2.35 7.39 5.30 Bile 514 362.1 
Two-rowed........-..... 5 85 24.1 2.41 ears 5.44 49.8 513 372.1 

Hooded naked: 
SI<CTOWed ne eee nee 3 87 30.0 2.59 6.77 4.40 45.1 522 348.2 

The naked varieties, as shown in Table XVII, mature somewhat 
more quickly and, with the exception of the hooded forms, have 
shorter straw than the hulled varieties. The 2-rowed hulled varieties 
stool more freely and produce more and longer heads than those of 
any of the other classes. The weight of 1,000 kernels is greatest 
for the 2-rowed naked varieties, exceeding that of the 2-rowed hulled 
by 4.7 grams. The yield of straw per row was greatest from the 
2-rowed hulled class, while the yield of grain was largest from the 
6-rowed hulled varieties. : 
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EXPERIMENTS WITH FLAX. 

The yields obtained from the varieties of flax that have been tested 
at Williston are shown in Table XVIII. In 1908 the flax was sown 
on ground that produced oats the previous year. In 1909, 1910, and 
1912 the flax varieties were tested on breaking. In 1911 they were 
on ground that was planted to corn the previous year, but that crop 
was destroyed by hail in August. In 1913 and 1914 the varieties 
were sown on fallow ground. In both these years the plats were 
so overgrown with Russian thistles that the yields were not considered 
comparable and hence are not reported. 

Taste XVIIL.—Annual and average yields of six varieties of flax grown at the Williston 
substation, 1908 to 1912, inclusive.' 

= Yield per acre (bushels). 

<imeont Variety. -S8 SS SSS 

1908 | 1909 | 1910 | 1912 | ‘Average. 

Mme ELNe OAK ObA NO! 1221508. 2) 522s 2 ooo. ee ee ee |) 2B | Boek ys 16.2 
SePMrEHED AKOLAINO: 055. - 322222. 2-2 - cone sane ee sae eee sis 7.4 | 22.4 6.5 | 26.8 15.8 
PR MOreDAKOLAIN O; Llod. sc. s0c 2 sec ce een. o- 2 eee 4,8 | 21.0) 5.2) | 2752 15.5 
“il. EShintsit. site SSR ee ee Soa ree HAGA SO) 2B) ede oeesons 
Sent atcoiy Hesistant Nio..92) 2)... ./225.-.-.-. 5 Fee eeee [po asoaleoee salce sae BOROb |e see ene 

Lo | TARTU Sek pe Se ee aes ee es a= 2 Se ee ee |e ee | eS 7a Seeecie. tes 

1 These varieties were grown in 1913 and 1914, but the plats were so overgrown with Russian thistles 
that comparable yields could not be obtained. 

The average yields of the three lots of flax that have been grown 
for the four years (1909 to 1912) are practically the same, ranging 
from 15.5 to 16.2 bushels. In 1912 the race known as North Dakota 
Resistant No. 52, which was included in the tests for the first time 
that year, produced the highest yield. 

EXPERIMENTS WITH MINOR CEREALS. 

Experiments with the minor spring cereals at Williston have in- 
cluded three varieties of emmer, one of rye, one of spelt, one of proso, 
and one of millet. While emmer has given good yields for most of the 
six years tested, it has not proved to be a better crop than barley. 
Table XIX presents the annual and average yields for six years (1909 
to 1914) of one variety of emmer and one of rye with those of standard 
varieties of durum and common wheat and of oats and barley for 
comparison. The average yields per acre are given in pounds as well 
as bushels, so that the comparison can be made more readily. 

Table XIX shows that oats produced more pounds of grain per 
acre than the best varieties of wheat, barley, emmer, and rye. The 
average yield of Siberian oats for the six years was 2,256 pounds to 
the acre; of Kubanka durum and Power fife wheat, 1,968 and 1,872 

pounds, respectively; of Manchuria barley (Williston No. 170), 2,088 
pounds; of emmer, 1,580 pounds; and of rye, 1,377 pounds. 
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TABLE XIX.—Annual and average yields of six varieties of cereals grown at the Williston 
substation, 1909 to 1914, inclusive. 

Yield per acre. 

Cone Variety and cereal. 

1909 | 1910 | 1911 1912 | 1913 | 1914 Average. 

Bush.| Bush.| Bush.| Bush.| Bush.) Bush.| Bush.| Lbs. 
1440 | Kubanka durum wheat.......-.....-- 31.9} 11.0 8.9} 51.0] 33.0] 53.8] 32.8] 1,968 
BAG |f LEO nG)e LIE) WANE oe ecoe asec aseeuse 34.0} 17.1] 11.1] 44.7] 28.7 51.3] 31.2] 1,872 
CAL, |) Sillowibiendl CBWS = 5 SesscGse- = scoscesdeeoas 104.1 | 10.9 5.1] 106.9 | 79.4 | 116.4 | 70.5] 2,256 
882 | Williston No. 170 barley.........-..-- 53.7 6.7 |) 1253) | "65.5, |. 5153) | 753i ease sss 

North Dakota No. 305 emmer......--- 54.4] 11.3 3.8] 79.5 | 43.0] 44.9] 39.5} 1,580 
LGON ES prin eyny esssee eee cee ese eee 40.0 6.1 9.1} 43.6) 16.3] 32.3] 24.6] 1,377 

The stand of the North Dakota No. 305 emmer in 1914 was very 
thin; hence, the yield was abnormally low. For this reason the 
comparison of average yields for the six years shown in Table XIX 
is somewhat unfair to the emmer. White spring emmer grown on an 
adjoining plat yielded 85 bushels to the acre. If this yield is substi- 
tuted for that of the North Dakota No. 305 in the table, the average 
yield is increased to 1,847 pounds. White spring spelt (C. I. No. 
2968) was grown only in 1914, when it yielded 70.6 bushels to the 
acre. Since the grains of emmer and spelt remain in the glumes 
after thrashing, they are more comparable to oats and barley than to 
wheat and rye. The yields here reported indicate that it is not ad- 
visable to substitute spring emmer or spelt for oats or barley as a 
feed grain in the Williston district. 

In 1912, 1913, and 1914 Black Voronezh proso (C. I. No. 16) was 
grown in field plats. The yields of grain for the three years were 
24, 22.1, and 29 bushels per acre, respectively. 

In 1914 Kursk millet was also tested in a field plat, producing a 
yleld of 38 bushels of seed per acre, 9 bushels more than the Black 
Voronezh proso for the same year. 

In prosos the seeds ripen first at the tips of the heads. The crop 
may be cut when most of the head is ripe and the tip begins to shatter. 
The straw and leaves are still green at this stage, but the shocking 
may be done so as to permit perfect curing without molding. A fair 
quality of hay remains after the seed is thrashed out. 

Grain sorghums, especially early kaoliangs, have been tried at 
Williston, but thus far have matured little grain. The grain sorghums 
do not compare favorably in this district with the best varieties of 
corn. 

SUMMARY. 

Cooperative experiments with cereals at the Williston substation 
have been conducted for the seven years from 1908 to 1914, inclusive. 

The Williston substation is located in the extreme southern part of 
Williams County, in northwestern North Dakota, at an altitude of 
approximately 1,900 feet. 
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The average annual precipitation at Williston for the 36 years from 
1879 to 1914, inclusive, was 14.9 inches. The average seasonal rain- 
fall (April to July, inclusive) for these years was 8.86 inches. The 
heaviest rainfall at Williston occurs during the growing season. 

The average evaporation from a free water surface at the Williston 
substation during the growing season for the years 1909 to 1914, in- 
clusive, was 24.03 inches. The average precipitation for the same 
period was 8.43 inches. 

The average wind velocity per hour durmg the months from April 
to July, inclusive, for the years 1909 to 1914, inclusive, was 6.6 miles. 

The average length of the frost-free period for the 33 years has 
been 119 days. The average date of the last killing frost in the 
spring has been May 18 and of the first killing frost in the fall, Sep- 
tember 14. — 

The soil at the Williston substation on which the cereal varieties 
have been tested consists of a fine sandy loam. 

The varietal tests on plats have included 36 varieties and strains 
of spring wheat, 40 of oats, 27 of barley, and a few each of flax, 
emmer, spelt, rye, proso, and winter wheat. 

Spring wheats have given better results than winter wheats. 
Except in the dry years, 1910 and 1911, the durum wheats have 

produced higher yields than the common spring wheats. 
Kubanka durum wheat (C. I. No. 1440) gave the highest average 

yield of all of the spring wheats tested from 1908 to 1914, inclusive, 
29.9 bushels per acre. Power fife wheat (C. I. No. 3697) stood second 

for the same period, producing 28.6 bushels per acre. 
The bluestem group has not yielded as well as the durums and 

fifes, and the average weight per bushel has also been lower. 
Rate-of-seeding tests with bluestem spring wheat have indicated 

that the highest yields are obtained from sowing 4 pecks to the acre. 
The average yields from winter wheat are lower than those from 

the spring wheats, for winter wheat frequently winterkills. Sowing 
winter wheat in grain stubble or standing corn gives protection to 
the plants and reduces the loss from winterkilling. 

The best three varieties of oats for the seven years, 1908 to 1914, 

are Abundance, with an average yield of 66.4 bushels per acre; 

Lincoln, 65.9 bushels; and Siberian, 64.5 bushels. These are all 

midseason varieties. The late-maturing varieties, such as White 
Russian, and the very early varieties, Sixty-Day and Kherson, have 
yielded much less than the midseason varieties. 

Rate-of-seeding tests with Swedish Select oats indicate that the 

best yields are obtained by sowing from 4 to 6 pecks per acre. 
The 6-rowed group of barley has yielded better than the 2-rowed 

group. The highest average yield for the seven years (1908 to 1914), 
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39.9 bushels, has been produced by the Williston No. 170 (C. I. No, 
882), a strain of Manchuria barley. 

Flax is grown with some difficulty on ground that is infested with 
weeds. In the seven years that tests were made, only four crops 
were harvested. The average yield of the highest producing variety 
for these four years was 16.2 bushels per acre from the North Dakota 
Nov 1224" (Cee NoriG)- 

Emmer and spring rye have not given as high average yields as 
oats, barley, or wheat. 

Proso, grown in field plats from 1912 to 1914, inclusive, gave an 
average yield of seed per acre of 25 bushels. Kursk millet, grown 
in a plat test in 1914, yielded 38 bushels of seed per acre. 

@ 
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INTRODUCTION. 

The earliest importation of date offshoots into the United States 
(a lot of 59 received through correspondence by the Department of 
Agriculture in July, 1890) was from Egypt. 

Eleven years passed before Mr. David Fairchild, Agricultural 
Explorer, of the Bureau of Plant Industry, visited Egypt and obtained 
offshoots of a number of the leading varieties. Small lots of Egyptian 
offshoots were secured through agents in later years, but the fact 
remained that the dates of Egypt, of which there are more than 
7,000,000 trees, were less thoroughly known to American experi- 
menters than those of any other great date-producing region. In 
the published lists of Egyptian dates there was much confusion and 
contradiction, and the identity of some of the more promising of 
the Egyptain varieties on trial at the Tempe and Mecca date gardens 
was in doubt. 

These considerations induced the offices of Crop Physiology and 
Breeding Investigations and of Foreign Seed and Plant Introduc- 
tion to combine in sending the writer to Egypt and the Sudan in 
August, 1913. An account of the journey in these countries, from 

August, 1913, to February, 1914, is embodied in another paper, but 

the descriptions of 22 varieties of dates of Egypt and the Sudan, 
comprising most of the commercial dates of those regions, as well as 
of several varieties of minor importance not heretofore published, are 

assembled in this bulletin. 
96613°—Bull. 271-15 —1 
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The purchase of offshoots of the most desirable varieties was 
effected through the courtesy of Egyptian and Sudan officials, to 
whom the Department of Agriculture is also indebted for much 
important information bearing upon cultural conditions. 

The analyses of the official weather records of Egypt and the 
division of the Nile Valley into three zones in accordance therewith 
throws much new light on the culture of dates in general and espe- 
cially upon the behavior of the groups of varieties under consideration. 

NILE VALLEY DATES AND THEIR CLIMATIC ENVIRONMENTS. 

No one would venture to declare the age of date culture in Egypt, 
but from the intercourse which the Egyptians are known to have 
had with the neighboring date-growing lands at a very remote 
time, there can be little doubt that the Egyptian people cultivated 
the date at an early day. In the great Hall of Columns at Karnak, 
attributed to the nineteenth dynasty, or 1,370 years B. C., many of 
the columns are clearly modeled from a date tree, the capital 
being the spreading leaves as they appear from beneath. We can 
hardly doubt that date groves flourished then in the rich Nile lands 
even as they do to-day. 

With the more than 7 000, ,000 date trees growing in Egypt to-day, 
their product does not anne for the wants of 11,000,000 people.t 
There is a small exportation of dates to Europe from the delta, 
chiefly of the Amri variety,? but this is more than offset by the 
importation of dates in fancy packages from Algeria and the Persian 
Gulf and by the shipments of dry dates from the Sudan, a consid- 
erable proportion of the date crop of Dongola Province finding its 
way down the river. | 

The dates described in the following paper comprise the chief com- 
mercial varieties of Egypt, including the western oases and the Sudan. 
The descriptions are from notes made in August to December, 1913, 
by the writer during a journey through the region described. Several 
varieties of minor importance which it is believed have not before 
been published are included. 

The writer makes no pretense that this bulletin presents a com- 
plete list of Egyptian or Sudan varieties, which are exceedingly 
numerous, for little attempt has been mantle to secure the names 
even of the many seedling sorts which have received names and 
have been propagated in a small way by their originators. Of the 

1 The official census of the date trees for taxation in 1907 is 5,966,010. Trees in gardens and estates which 

pay a tax are not listed for separate taxation; also young trees under a certain minimum size are not listed 

for taxes. These two classes of exemptions would add very greatly to the actual number of date trees 

in the country. Sir William Willcocks estimated the total number of date trees in Egypt in 1899 at about 

7,400,000, producing fruit annually valued at £1,480,000. This would make the value of the annual date 

crop a little below $1 per tree. 

In the Annual Statistics of the Egyptian Ministry of Finance for 1912 the average yearly exportations 

of dates for the years 1905 to 1911 is given as 576,135 kilos, valued at £8,945, which would be, in round num- 

bers, 1,267,000 pounds, at 3} cents per pound. 
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6,000,000 date trees enumerated for taxation in Egypt, it is safe to 
assert that two-thirds are of the balady, or seedling, type of trees, of 
which the greater number produce fruit of low quality which is 
consumed by the poorer people in the immediate vicinity. 
Among these, however, may occur occasional varieties of superior 

excellence, in rare instances ranking with any of the sorts now in 
cultivation. In a population of more advanced ideas in horticulture 
such yarieties would be propagated to the utmost limit and their 
dissemination made as rapid as the slow nature of the date tree 
would admit. In Egypt such varieties are often confined to the 
garden in which they origimated or to distribution among the imme- 
diate family of the owner. In one imstance which came to the writer’s 
knowledge a seedling variety not surpassed by any of the well- 
known sorts of Egypt was still confined to the garden where it 
originated, the property of a sheik of considerable wealth and posi- 
tion. The ‘‘mother’’ tree and five ‘‘daughters’’ have passed the 
age of producing offshoots. On a single ‘‘granddaughter’”’ hangs the 
fate of this valuable variety. 

The task of searching out such. chance varieties of merit throughout 
Egypt would be an interminable one, but the results would doubtless 
repay the effort. 

Date culture in Egypt and the Sudan extends with scarcely an 
interruption from the relatively cool Mediterranean coast up the 
Nile Valley to the burning desert heat of Aswan, and is paralleled in 
the Libyan oases of Fayum, Siwah, Baharieh, Farafreh, Dakhleh, and 
Khargeh. Above the first cataract, owing to the narrowing of the 
valley, the continuity of the date trees is a good deal broken, yet it 
may be considered a continuation of the culture through Ibrim, past 
Wadi Halfa, and up to the Sukkot region, around the great bow of the 
river past old Dongola, Merowe, Abu Hamed, and Berber to Khar- 
tum itself, where, entering the fringe of the great tropical rainy region, 
the limit of practical date culture to the southward is reached. (PI. 
1.) This gives a north-and-south extent to the Nile Valley date 

culture of about 16 degrees of latitude, or approximately 1,100 miles, 
about equivalent to the distance from the mouth of the Mississippi 
River to Minneapolis and St. Paul. This is the longest continuous 
north-and-south extension of date growing to be found in the world, 
and it becomes of peculiar interest from the range of temperatures 
embraced and the differences in climatic conditions encountered. 
The difference in the mean annual temperature between Alexandria 
and Khartum amounts to about 15 degrees F., though the average 
difference for March, April, and May is over 21 degrees. This differ- 
ence is not great when the difference in latitude is considered,' but 

1 The difference in mean annual temperatures between St. Paul and New Orleans, the similar distance 

previously cited, is about 25 degrees Fahrenheit. 
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when taken in connection with a fruit as exacting in temperature 
requirements as the date it becomes of very great importance. 

Another important factor in the environment of the date tree is 
the relative humidity of the air, which along the Mediterranean coast, 
where there is an extensive culture, is very high throughout the year. 
At Alexandria, with a record of 23 years, the mean monthly range of 
relative humidity is from 64 to 72 per cent, with an annual mean of 
68, some years running to 71 per cent. At Gizeh the mean relative 
humidity of a 10-year record is 69 per cent, with single monthly 
means as low as 50 and as high as 84 per cent. At Heluan the desert 
influences begin to be felt, and the mean relative humidity is reduced 
to 54 per cent, and at Siut (Assiut) it is 53 per cent. Aswan gives a 
record of 39 per cent humidity as a mean for 11 years, while the Oasis 
of Dakhleh, on a record of 7 years, shows real desert dryness, with a 
mean humidity of only 36 per cent, and Wadi Halfa, on a 20-year 
record, has the low mean of 34 per cent. 

No weather records are available for the Sukkot region, formerly so 
important, but now superseded in the volume of date production by 
Dongola Province. Merowe, the capital of Dongola, fortunately has 
very complete records for recent years and shows the greatest dryness 
of any date region yet studied, its mean relative humidity for the year 
being only 24 per cent. For May, the driest month, the record is only 

12 per cent on a 5-year mean; 30 per cent in August and 31 per cent 

in January, the most humid months. 
Passing the fourth and fifth cataracts with considerable date culture 

in Berber Province, at the next weather station, Atbara Junction, 
influenced by the nearness of the ramy hill region on the east and 
southeast, the mean humidity rises to 38 per cent, reaching 50 per cent 
in August, with occasional records for April and May as low as 16 per 
cent. At Khartum, beyond which few date trees are found, the mean 
humidity for the year drops to 33 per cent. 

For convenience in studying the character of the dates produced as 
related to their environment, the region under consideration may be 
divided as follows: 

(1) The maritime subtropical Comprising Lower Egypt, or the 
Nile delta, including lower Gizeh. 

(2) The desert subtropical: Comprismg Upper Egypt to Aswan, 
with the Libyan oases. 

(3) The desert tropical: Comprising Upper Egypt beyond Aswan 
and the Nile Valley in the Sudan at Khartum. 

Hard and fast lines are difficult to draw, and if there were a greater 
number of observation stations it is probable that points on the mar- 
gin of the delta toward the desert, like Salihieh and Korain on the 
eastern border of the delta and Manshia to the west of Gizeh, would 

show temperature and humidity conditions which would place them 
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in the desert zone rather than among maritime stations. The evi- 
dences of this in the record of 38 years at Abbasia, a military post in 
the unirrigated uplands in the northeast suburbs of Cairo, and in 
meomplete records at Ismailia on the Suez Canal are discussed in 
subsequent pages. 

Table I gives the meteorological daa for all the stations at which 
weather records are available in the three great climatic zones, with 
the characteristic date varieties for each type of climate. 

DESERT TROPICAL DESERT SUBTROFICAL | MARITIME SUB TROPICAL 

FATEH (OM 
SSO HFTHAET 

Memsy 
LIUSSY NEM7TFH OISSYESS- 

HIZ/9 

BIASONEXI 77 

ry bYrELy 

IMOYFTV 

peor ess 
Fic. 1.—Diagrams showing the mean monthly relative humidity (in percentage of saturation, dark bars) 

and the mean monthly temperature (in °F., shaded bars) for 12 stations in Egypt and the Sudan. 

Figure 1 shows the mean monthly relative humidity (in percentage 
of saturation) by the use of dark-faced bars and the mean monthly 
temperatures (in degrees Fahrenheit) by the use of tint-lined bars 
immediately below, in diagrammatic form, for twelve stations in 
Egypt and the Sudan. 

Figure 2 shows by curves the mean monthly temperature (in degrees 
Fahrenheit) and the relation of the monthly mean to the assumed 
“zero point” (64.4° F.) of the date in flowering for the twelve weather- 

observing stations listed in Table I. 
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TasBiE I.— Meteorological data for stations in the three great climatic zones of Egypt and 
the Sudan, showing the characteristic date varieties for each type of climate. 

| Mean temperature 
‘ ce F). : Heat 

units 
Mean above aa 

Zone and locality. relative 64.4° F Varieties of dates grown. 
humidity. February May 1 FG 

Annual. to Oct. 31 
October. pe 

Maritime Seaeopical: 
LAUDS SiG Ee ee mee 68 68.32 70. 36 2,049 + p- . 
“To St ee gablpas 68:05 || Me eOsRonmne > 10IN| [vg eee TL Eb Steely 
“Sr. gee eee 69 67. 28 70. 86 SINTON siphon ee 
INTE OE STE SSE he ee el 62 69. 96 73.68 2,714 |} is) : 

uae pe sueEial: 
Selene ies oer ope 2 et ey, MES IIOE. 22 2 oo | cwcmctene laisse ee Ss 
eae) Ne 8G, 54 | 68.90 | 72.54 | 2,596 ac Hamrawi, Hayany, 
PEST c 2 soe on BEES SLC] Rae Ege a gehe) (eee eg aes Pep og SE 3 
Sigti@issint)-cebecs se seni = 53 70. 29 74.08 3,147 ; 
Dakhiteh. sass bs SS 36 73. 92 78. 40 3,675 | Saidy, Sultany, Tamr, Ham- 

rawil, Falig. 
UNG 39 77.30 81.92 4, 296 Baraka, se Parlamoda 

Gondeila, ‘‘ Tbrimi.”’ 
Desert tropical: : 

PTR eee 8 rai soars 28 soc Ss Gerla tant see et es oclleeeeceal meee aceleme 
Wadi Halfa 34 77.05 81.54 4,160 ||‘‘Ibrimi,’” Barakawi, Ben- 
Merowe...- 24 81. 84 85. 61 4,708 tamoda, Gondeila, Kosha, 
Atbara.... 38 81.73 84.95 4, 454 Kulma. 
AGH ALAM ee = Socis cece <6 33 82.95 85. 69 4,396 

THE MARITIME SUBTROPICAL ZONE. 

Of the 22 varieties of dates here listed, 7 are grown only in the 
delta, or their culture extends but a short distance into Upper Egypt. 
Of these, 5 varieties are used only in the fresh, or ‘‘rutab”’ (succulent), 
condition. These are the Bmt Aischa, Hayany, Kobi, Samany, and 
Zagloul. 

The territory represented by these varieties has the three meteoro- 
logical stations of Alexandria, Port Said, and Gizeh (Table I), which 
gives almost uniform mean temperatures, the annual means varying 
less than 2 degrees and the means for the 9 months of the growth of 
the flower stalk and fruit, February to October, inclusive, being almost 
uniformly 70° F. 

In explanation of the significance of column 5 of Table I, headed 
“Heat units above 64.4° F.,” the following extracts from pages 63 
and 65, Bulletin No. 53 of the Bureau of Plant Industry, by Walter 
T. Swingle, including table 9, from page 66 of the same bulletin, are 
here given: 

It has been calculated by De Candolle that temperatures down to 18° ©. or 64.4° 
F’. have no effect on the flowering or fruiting of the date palm, and a study of the 

record sheets of a self-recording thermometer kept at Biskra in the midst of a date 

orchard confirmed the correctness of this assumption. In other words, this relatively 

high temperature is the zero point for this plant, so far as flowering and fruiting are 
concerned, though it is able to grow at somewhat lower temperatures. . . . The 

table [table 9] gives the summation of effective temperatures during the fruiting 

season of the date palm for a number of points in North Africa and in the Southwestern 

States. 
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TABLE 9 [Swingle].—Sum of daily mean temperatures above 18° C. (64.4° F.) for fruit- 
ing period of date palm from May 1 to October 31, at the stations named. 

Sum- of daily mean 
temperatures above 
18°C. Cre F.) from 
May 1 to Oct. 31. 

Locality. af Remarks. 

Degrees | Degrees 
centigrade. | Fahrenheit. 

Aloiers: -Alverian ee ate prea | 652 | ~ 1,174 | No dates ripen here. 
Orleansville, Algeria......-..- 788 1,418 | Very early sorts mature. 
Wresno} Cale sss: cece cose eee 1, 054 1,897 | Average of many years’ observations. Dates of 

sorts grown usually fail to ripen. 
MucsonAtizee ap eee eee eee 1, 409 2,538 | Average of 6 years’ observations. Dates of the 

| sorts now grown usually fail to ripen. 
Cairomb yp tees a eee eee 1,593 2,868 | Dates ripen regularly. 
Phoenix, Ariz. (Salt River 1,677 3,019 | Average of many years’ observations. Many 

Valley). sorts of dates ripen regularly. 
Biskra, Algeria (Northern 1, 836 3,304 | Average of 10 years’ observations. Many sorts 

Sahara). of dates ripen regularly; date culture the lead- 
ing industry. Deglet Noor dates ripen but 
are not of the best quality. 

Ayata, Algeria, 1890 (Oued 1,816 3,269 | Deglet Noor dates ripened very imperfectly. 
Rirh region), Sahara. : ! 

Avatay 1891 See a be eeee ae 1,906 3,431 Declet Noor dates ripened very slowly and im- 
perfectly. 

Avyata, 18895. 2 -s.5sBasese5 2,091 3,764 | Deglet Noor dates ripened well. 
Tougourt, Algeria (Oued 2,049 3, 689 Do. 

Rirh region). 
Bagdad, Mesopotamia...-.--- 2,356 4,242 | Average of 5 years’ observations. Many excel- 

lent varieties ripen. 
Indio, Cal. (Salton Basin)...-- 2, 237 4,027 | Average of several years’ observations. 
Indio? 1903 S255. epee eee 2,348 | - 4,227 | New thermometers. 
Mammota Tank, Cal. (Salton 2,585 4,652 | Average of 23 years’ observations. 

asin). f ; 
Salton, Cal., 1903 (Salton 2,074 3,734 | The coolest summer recorded. Observations 

Basin). taken for the first time with standard Weather 
Bureau thermometers in the regulation shel- 

= ters. 
Salton meanter= pees seee eee 2,679 4,823 | Averare of 12 years’ observations. 
Salton 189 (eesteee. seep ee ceee 3,392 6,106 | Hottest summer recorded at Salton. 
Saltons 9025 ae eee 2,749 4,948 
Imperial, Cal., 1902 (Salton 2,106 3, 791 

Basin). 

In those calculations 64.4° F. is assumed as the zero point of 
activity of the date tree as far as flowermmg and fruiting functions 
are concerned, any number of degrees of daily mean temperature 
above that point being available to the tree in forwarding its fruitmg 
functions, though growth of leaves and stem may go on at tempera- 
tures considerably lower. 
By multiplying the number of degrees above 64.4 in any monthly 

mean by the number of days of that month the number of available 
heat units (1 degree 1 day) is arrived at. The summations for the 
months of May to October, inclusive, in column 5 of Table I have 
been arranged for comparison with those of the table quoted from 
Swingle. ea ; 

The summations of 2,049 heat units for Alexandria and 2,179 units 
for Gizeh must be fairly representative of the conditions under which 
the greater number of the date trees of the five varieties mentioned 
make their growth. (PI.II.) By comparison with table 9 of Bulletin 
No. 53, referred to, it will be seen that localities having such low sum- 
-Mations are not counted in the possible date-growing territory, except 
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Fig. 1.—A GROVE OF HAYANY DATES ON SANDY, UNIRRIGATED SOIL NEAR RAMLEH, 
ON THE MEDITERRANEAN COAST. 

Ground water is found at a depth of about 14 or 15 feet. 

Fic. 2.—DATES AND VINES NORTH OF THE RAILROAD TRACK, EAST OF RAMLEH, 

PLANTED IN DEEP TRENCHES IN THE SAND SO THAT THEIR RooTs May REACH 
GROUND WATER. 

Note the sand drift in the foreground. 
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for a few exceptionally early sorts.' This apparent discrepancy may 
be explained for United States localities by the frost interference in 
the spring and fall, while the Nile delta region is practically frostless ; 
the coast entirely so, while the Gizeh district is subject to rare and 
only light frosts. With frost immunity in autumn, the dates of the 
Egyptian maritime belt may hang on the trees, slowly maturing, even 
after the mean temperature falls below 64.4° F., as it does by the first 
to the middle of November. It must be remembered, too, that these 
dates do not mature upon the trees, but are cut and marketed in what 
is called a ‘‘hard ripe”’ condition, the sugar deposits being probably 
completed, but with the enzymic actions which promote the ripening 
not yet begun. 

This region, having a mean temperature of 70° F. from February 
to October, inclusive, does not produce packing dates at all. . The 
Amri, the one important packing date of the delta, is produced at Sali- 
hieh, Korain, Fakus, and a few at Birket el Hadji, all points in the 
margin of the delta lands bordering on areas of bare desert sands. 
(PI. III, fig. 1.) Manshia, on the margin of the delta, a few miles north 
of the Gizeh Pyramids, where considerable quantities of both Amhat 
and Siwah dates are cured, has a climate so influenced by the proximity 
of the Libyan Desert that it should be considered under the same cate- 
gory. ‘The record of Abbasia, the suburb of Cairo on the rocky slopes 
of the naked hills to the northeast of the city, may be taken as most 
nearly representative of these border localities, especially of Birket el 
Hadji and Manshia. Here (Table I) the mean for the year is but a 
fraction below 70°, that for the growing months of February to Octo- 
ber being 73.68°; and the summation of heat units from May to Octo- 
ber is 2,714. An incomplete record for Ismailia,” on the Suez Canal 
about 25 and 30 miles southeast of Salihieh and Korain, agrees within 
an average of 1° in the monthly means with the records of Abbasia 
and gives an almost identical summation of heat units above 64.4°. 
The mean relative humidity is between that of Abbasia and that of 
Heluan, but with less fluctuation than either. 

Even with the additional heat afforded by these localities on the 
desert border, the dates are pulled from the stems in an immature 
“hard ripe” condition, and the ripening is completed in drying yards, 
preferably on floors of coarse pebbles to reflect the heat. 

It is from such higher temperature conditions at Birket el Hadji, 
where their groves border the sand hills toward the open Arabian 

1 Thomas H. Kearney, on pages 20 and 21 of Bulletin 92 of the Bureau of Plant Industry, entitled “Date 

Varieties and Date Culture in Tunis,” shows that at Susa on the Mediterranean coast, 120 miles north of 

Gabes, two varieties of dates are grown where the summation of heat units is probably less than that of 

Sfax (1,968° F.). These are, however, varieties of inferior quality and the fruit keeps but a short time 

after gathering. 

2 Lyons, H. G., Physiography of the Nile River and Its Basin, 411 p., 48 pl. Cairo, 1906. 

96613°—Bull. 271—15 2 
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Desert, that the Hayany reaches its earliest maturity, coming to the 
markets as ‘‘ Bala Birket el Hagei” (dates of Birket el Hadji) the first 
of September. It is doubtless with a view to catching this early 
market that large plantations of the Hayany are being made on the 
sandy lands in Gizeh Mudirieh, bordering the Libyan Desert above 
the Great Pyramids. 

THE DESERT SUBTROPICAL ZONE. 

The next distinctive zone of date culture comprises the narrow Nile 
Valley of Upper Egypt, from Gizeh to Aswan, and the Libyan oases 
of Fayum, Siwah, Baharieh, Dakhleh, and Khargeh. For a proper 
understanding of the conditions, this zone should be considered under 
three subdistricts: (1) Upper Gizeh, (2) Fayum and the Nile Valley 

to Aswan, and (3) the western Libyan oases. 

SUBDISTRICT OF UPPER GIZEH, 

While upper Gizeh includes but a small area, it is decidedly dis- 
tinctive in the character of the datcs grown and the methods of culture 
and handling. For its temperature records and the number of avail- 
able heat units we must look rather to the records of Abbasia and 
Heluan than to those of the Gizeh station. 

Proximity to the Arabian Desert on the east and to the Libyan 
Desert on the west gives to this district, best represented in the vicinity 
of the railway stations of Bedrashen and Hauamdiyeh, a climate dis- 

tinctly hotter and drier than that of the delta proper and only pre- 
vented from being still more desertlike by the prevailing northerly 
winds which, blowing from the Mediterranean over the irrigated delta, 
have only begun parting with their watery vapor and are but slowly 
acquiring the desert heat. However, a difference of a few degrees in 
the mean temperature of the growing months, and the accumulation 
of about 500 more available heat units, enable the growers of this dis- 
trict to produce a packing date equal to the best in Egypt and only 
awaiting the development of modern, sanitary, and attractive methods 
of handling to take its place with the Deglet Noor and Fard dates, 
which are imported to supply the high-class trade in Cairo. The 
Siwah is the important variety of this section, though considerable 
quantities of the Amhat are also packed. (PI. III, fig.2.) Detailed 
descriptions of the Siwah and the discussion of the problem of its 
relation to the Saidy of the oases will be found in the following pages. 

The points of greatest economic importance to Egypt are, first, that 
this valuable variety, the Siwah, could be grown as well or even better 
on up the valley past Wasta and to the great date-growing section 
about Assiut and in the Fayum, where it is only beginning to be 
planted. It could very profitably replace thousands of balady, or 
seedling, trees of those districts, the low-grade fruit of which is 
scarcely more valuable than the leaf products. 
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The second economic point is that to get the real profit the present 
careless and filthy methods of curing and packing must give way to 
modern sanitary methods, and the fruit, in itself really of high 
quality, must be packed in neat, attractive boxes or cartons, when - 
it would command three times the retail price it brings to-day. 

SUBDISTRICT OF FAYUM AND THE NILE VALLEY. 

The valley portion of the desert subtropical zone, beginning above 
Gizeh and extending, for convenience, to the first cataract, at Aswan, 
comprises the provinces of Beni Suef, Minieh, Siut (Assiut), Girgeh, 
Keneh, and Aswan, with a total of over 3,000,000 taxed date trees, 

or more than half of the entire number of the taxed trees of Egypt. 
While a few of the choicer named varieties are grown in gardens of 
well-to-do people, nearly the entire number of these trees are of the 
balady, or seedling type, of every color and character, though those of 
superior quality are few, and there is a strong leaning toward the dry 
types. It is doubtful whether anywhere else in the world can be 
found so large a number of date trees of so low a commercial quality 
and containing so small a number of trees of standard varieties and 
uniform product. The nearly a half million date trees of Fayum 
are of about the same character, and from the similarity of the 
climate to that of the northern portion of Upper Egypt Fayum is _ 
included with the valley division of the desert subtropical zone. 

If one but for a moment considers the possible difference between 
financial returns which would be realized from these millions of 
balady, or seedling, trees and an equal number of such valuable varie- 
ties as might be grown in their places, the results are astounding. 
Sir William Willcocks’s estimate of the annual value of the product 
of 5,200,000 date trees of Upper Egypt at £1,040,000 makes the 

average value of each tree only 4 shillings, or about $1. Remembering 
that this portion of the Nile Valley and the depression of the Fayum 
afford ideal conditions for growing the choicest of the world’s date 
varieties, we should picture these sections as planted with such 
choice Egyptian varieties as the Siwah, the oasis Saidy, the Algerian 
Deglet Noor (which would find its optimum temperature conditions 
about Keneh or Luxor), and some of the most valuable Arabian 
varieties. 

From the most reliable estimates that could be obtained at Bed- 
rashen, the annual revenue realized by the grower of the Siwah 
variety would be about $2.50 per tree, even with the present crude 
methods of handling. The Saidy, apparently adapted to the higher 
heat conditions of the upper valley, would be no less profitable. 
With modern packing methods the above figures could at least be 
doubled. If the quality of the trees of this section could be so 
changed that they would be bringing an annual return of £1 per 
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tree instead of one-fifth of that sum, over £4,000,000 would be added 

to the income of these people. This £4,000,000 a year added to the 
value of the date crop of this narrow stretch of valley of about 500 
miles in length would vastly change the economic conditions of 
Upper Egypt. Of course, it would require years to bring about 
such a change, to convince the native cultivators of the desirability 
of such a change being the most difficult part of the problem. To 
develop the market for the higher-priced product would also require 
time. All of this suggests that the excellent work on dates already 
begun by the horticultural division of the Egyptian Department of 
Agriculture might profitably be very greatly expanded. 

In the upper end of the valley division the mean temperature rises 
almost to that of the desert tropical, and the air is of a desert dryness. 
Here it is not surprising that we find considerable numbers of the 
date varieties from Nubia, the Sukkot country, and Dongola. What 
may be considered their fancy varieties, the ‘‘Bartamoda,’’ Gon- 
deila, and Kulma, are represented by only a few trees, to be sure, 
but the valuable dry date, Barakawi of Dongola (here called ‘‘ Ibrimi’’) 

is a good deal planted, and apparently any seedling with a close 
resemblance to it is admitted into the family. — 

SUBDISTRICT OF THE LIBYAN OASES. 

The Libyan oases have a date industry related throughout the 
series by the culture of one valuable packing variety, the Saidy. 
(Pl. IV, fig. 1.) A number of other varieties, as the Frihy, Gazaly, 
Kaiby, and Wedi, seem to be common to Siwah and Baharieh, but 
are not known in Dakhleh and Khargeh. But the great export date 
of all these oases is the Saidy. Whether, as the name suggests, this 
was originally from that part of Upper Egypt known as “‘ Es Siyd” is 
wholly a matter of conjecture. The fact that it is scarcely at all 
known there now would make this explanation doubtful. 

No data are available concerning the oasis of Siwah, either as to 
weather conditions or the number of date trees. The only meteoro- 
logical records for these oases are those kept at Mut,' the capital of 
Dakhleh, which are given in the annual report of the Ministry of 
Finance for the years 1905 to 1911, inclusive. The data here would 
be fairly representative for Khargeh, but doubtless a few degrees too 
warm for Baharieh and Siwah. Table I shows that the mean annual 
temperature for Dakhleh is a little above a mean between Siut 
(Assiut) and Aswan, while the dryness of the air is greater than at 

Aswan and next to that of Wadi Halfa. The available heat units 
above 64.4° I’. reach 3,675, which is very close to the optimum for 

the Deglet Noor at Tuggurt (Tougourt), in Algeria (quoted table 9, 

* Pronounced ‘‘ moot.’” 
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p- 8), where that variety is at its best, though probably the air at 
Dakhleh is much drier. 

This comparison throws light on the heat requirements of the off- 
shoots of the Saidy, which we are now importing, and suggests that 
the Coachella and Imperial Valleys of California will probably prove 
best adapted to its culture. As seen by the writer at Khargeh and 
Dakhleh, and after arrival at Fayum by camel from Baharieh, these 
dates are packed in solid masses in flattened baskets of braided date- 
leaf pinne, holding 80 or 160 rotls each; that is, either four or two 
of them make an ardeb weight of about 320 pounds, the usual camel 
load. At Dakhleh the usual price is about 50 piasters, or $2.50, for 
an ardeb, but in years of crop shortage the price advances sometimes 
to 70 piasters, or about $3.50 per ardeb, even this being but a frac- 
tion over a cent a pound. The best information available shows that 
they bring wholesale about 34 cents a pound in the valley and retail 
in the stalls at 1 piaster per rotl, or about 5 cents a pound. 

The Corporation of Western Egypt, an English syndicate which 
formerly operated a series of trading stores in Dakhleh, tried the 
experiment of packing these dates in attractive cartons for the Eng- 
lish market, but, while they found a ready sale, the extra cost of camel 
transportation to the railroad necessitated by the improved pack, 
left very little margin for profit. With rail and steamer transporta- 
tion at the door, so to speak, in Nile Valley towns, this excellent oasis 
variety ought to be a very profitable one to plant in the portions of 
Upper Egypt having temperatures most nearly corresponding with 
the oases, probably Girgeh and Keneh Provinces, which are now 
taxed on 1,250,000 unprofitable balady trees. 

THE DESERT TROPICAL ZONE. 

The desert tropical zone is marked by a decided increase in tem- 
perature over the lower portion of the Nile Valley and a lowering of 
the relative humidity to below even that of Dakhleh, in the heart of 
the Libyan Desert. Perhaps, owing to local conditions at the observ- 
ing station, the weather records for Aswan (lat. N. 24° 2’ 25’) show 

higher monthly means for July, August, and September than Wadi 
Halfa (fig. 2), just within the Tropics (lat. 21° 54’ 49’). These 

temperatures would doubtless be too high for the upper portion of 
the desert subtropical zone from Luxor to Aswan, where the date 
culture of this zone practically ends, on account of the submergence 

of the narrow valley lands by the Aswan reservoir. 
There is a decided step in temperature conditions between this 

region and the northern portion of the desert tropical zone repre- 
sented by Ibrim. Scattered groves of dates appear shortly south of 
the Tropic of Cancer, but the heaviest culture begins about Korosko 
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and is at its best in Egyptian territory from there through the Ibrim 
district, the dry variety called “‘Ibrimi,” from this locality, giving 
character to the output. These dates were in considerable repute 
100 years ago, when Burckhardt passed through the valley, though 
later he compares them unfavorably with those of Sukkot. Burck- 
hardt’s observations on the dates of the districts he visited confirm 
in a very interesting way the information which was gleaned by the 
writer while in the Sudan about the spread of the date industry. 
Burckhardt speaks in high terms of the dates of Sukkot and says 
that they are brought by the Arabs from Merowe and taken by camel 
caravans across the desert to that pomt, Dongola haying but few 
dates, and those of poor quality. At Berber, the year following, he 
mentions dates as a great luxury which had to be bought from the 
Dongola traders. He also mentions as a landmark a single tall date 
tree near Shendi, the only one of its kind in that region. These 
statements agree perfectly with those made by the chief men of 
Merowe and vicinity that a hundred years ago Dongola had no dates, 
all of their four commercial varieties having been obtained from 
Sukkot. . 

_ The prevailing dry character of the dates of this zone was antici- 
pated in the dry dates of the upper portion of the last zone from 
Keneh to Aswan, but is now fully in evidence. The contrast between 
the date output of this zone and that of the maritime subtropical 
zone is striking. Of the dates of the delta region, not one is a dry 
variety. As previously stated, only one or two are fair packing sorts. 
The tendency is strongly to the ‘‘rutab” or crisp (succulent) sorts, 
too low in sugar content to be self-preserving as they ripen. A few 
specimen trees of the dry types seen in the delta region were plainly 
not adapted to the local conditions, and the fruit matured was poor 
in quality. 

The development of a good dry date is, beyond doubt, a matter 
of climatic conditions, of heat and low humidity combined. It is 
true that very soft, sirupy dates of the type of the Hamrawi may 
develop under as hot and dry conditions as those at Dakhleh and 
Khargeh, but their sugar content is very much higher than for similar 
dates in the cooler and highly humid delta. The Dongola region of 
highest mean temperature of any successful date region of Africa, 
and also of lowest relative humidity, does not produce one date 
variety of a clearly soft, sirupy type. Its nearest approaches, Kulma 
and Bentamoda, are to be classed as semidry dates. Their leading 
date, the Barakawi, is commended by those people because they say 
it is so hard that the weevils can not hurt it, and that it will keep for 
two years. (PI. IV, fig. 2.) 

1 Burckhardt, J. L. Travelsin Nubia. Ed. 2, 498 p., illus., 2 maps. London, 1822. 
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Algerian Deglet Noor trees from offshoots brought to Merowe were 
shown to the writer by Gov. Jackson in first fruit, and in the latter 
part of September the fruits were ripe and as hard as the dry dates 
of the country. This same tendency to become dry or ‘‘mummified”’ 
is observed in the Deglet Noor in the Coachella Valley in California 
in exceptionally dry, hot seasons, especially if a minimum amount of 
water is given them. 

The preponderance of dry dates in the Nubia and Sudan portions 
of the Nile Valley may, then, be attributed to two general causes, 
namely, the general tendency of the climate to the production of dry 
varieties and the selection of such dry varieties as are of greatest 
commercial value. Such selection is on account of the readiness 
with which they are cured and the convenience with which they are 
stored and transported, their indestructible character permitting their 
being packed in stout bags and carried by camel caravans subject to 
the hardest conditions, yet always ready as an article of food without 
preparation. 

Referring to the temperature diagrams in figure 1 and the plotted 
curves in figure 2, it will be seen that at Merowe and Khartum the 
lowest monthly means, December and January, are considerably 
above the line of 64.4° F., assumed to be the zero point of activity 
of the date tree in flowering and fruiting functions. In spite, how- 
ever, of the high December and January means, the date trees of 

- Dongola flower and are pollinated at about the usual time of dates 
farther north. According to Davie, ‘‘pollination takes place in Feb- 
ruary and March,” practically the same months when it is practiced 
in Dakhleh and Khargeh, where the means of December and January 
are considerably below 64.4° F. That is, a continuous mean tem- 
perature for those months of several degrees above the assumed zero 
point does not prevent these trees from having a resting period and 
postponing the flowering period to about the season when it occurs 
in considerably cooler localities. Davie records that the fruit at 
Merowe ripens about seven months after pollination, or September 
and October, but at the time of the writer’s visit to Merowe, on 
September 20, nearly all the dates had been gathered, the Barakawi 
harvest had ended practically a week previously, and much of the 
fruit was being marketed. These facts point strongly to the necessity 
of a study of date-tree activities from another standpoint than that 
of a mean temperature of 64.4° I. as the zero point.! 

1Dr. A. E. Vinson, of the Arizona Agricultural Uxperiment Station (in Botanical Gazette, vol. 37, p. 

324-227), describes tie rate of leaf growth of two trees each of the Deglet Noor and Rhars varieties at the 

cooperative date garden, Tempe, Ariz., through the growing seasons of 1906 and 1907 and calls attention to 

the agreement of the rate of growth with the mean minimum rather than with the mean maximum tem- 

peratures of the period studied. Mis diagrams are, however, too much involved with the waning growth 

of the successive leaves as they approach maturity to make his conclusions convincing. In fact, his growth 

curves show a more intimate coordination with the surface-soil temperature than with any other factor. 
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The early maturity of all the Sudan varieties is an indication of a 
somewhat definite number of available heat units required to mature 
the crop, the high temperatures of the early part of the growing 
season hurrying them along more rapidly than, for example, those of 
Khargeh and Dakhleh. The summation of 4,708 heat units above 
64.4° F. shown at Merowe for the months of May to October, inclusive, 
to be reduced to what the date crop has actually required should have 
subtracted from it the summation above 64.4° F. of the month of 
October and half of September, or 1,096 units, leaving 3,612. Some- 
thing should be added, however, for the excessive heat of Dongola in 
March and April over stations farther north. 

If we regard the Dongola season as beginning 6 weeks earlier, 
through the more rapid push of the last half of March and the month 
of April, we can get a 6-months’ summation of heat units at the time 
the trees actually use them, which will be a fairer index of the crop 
requirements than that in Table I. For this purpose Table II has 
been prepared. 

TasLE I].—Mean monthly temperatures and summation of heat units above 64.4° F. 
for the growing period of the date at Merowe, Dongola Province, from March 15 to 
September 15. 

i Above Summa- 
Month and days. Mean. | g4.4° 7). Days. ori 

2185 oi0, 
Mar: 5-80.28 ete Sk Ra ee see a) ee ee ese pee eae 76. 82 12:42 15.5 192. 51 
ENR enoesdsssans5easeh son ceE savansenocadposocosueacteages 85. 46 21.06 30 631. 80 
May Tisdie eh eae ce o Enc ie tee me ene ee ee 89.87 27.47 31 789. 57 
Furie 180 tee oe ak See Re RE eee 92.21 27.81 30 834.30 
Duly 30 SS aay eer toe eee eee ee eae eee 90.23 25. 83 31 800. 73 
PU bt Geer ee omnia SSB AS are cre sea eboSeaesnaee costae ses 89.33 24.93 31 772.83 
(Sts chau Ea eee ead Sea Saas eaoaReNcouR sab seh eses sche ope sonsccages |. Olle) 27.09 15 406.35 

Mean.s7nmonths) 2 Seen escent etc nee eee see a eee ees iio (Us| Batons teen sean. wa snail eerie 
Total, 6 months (middle of March tomiddleof September). |..........)........-. | Shek eee 4, 428.09 

| 

This calculation of the summation reduces the heat units used by 
about 300, but still shows that the Dongola dates are produced under 
higher heat conditions, as well as lower humidity conditions, than 
any date crop of which we have record. 

A review of Tables I and IT shows clearly the necessity of estimating 
the time-heat requirements of the dates of different varieties, not 
arbitrarily from May to October, inclusive, as was the best that could 
be done with the imperfect information at hand when such studies 
were begun, but from some definite period in the history of the devel- 
opment of each variety, as exemplified by individual trees in typical 
localities. Atmospheric moisture, soil character, and soil moisture 
will be important factors to be taken into account. Probably the 
date of pollination is as definite a time as could be selected at which 
to begin the estimate of heat requirements. 
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Fig. 1.—A PLANTATION OF AMRI DATES NEAR THE VILLAGE OF BIRKET EL HADuI, PROP- 

ERTY OF THE OMDA OF THE VILLAGE. 
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Fic. 2.—DATE TREES OF AMHAT AND SIWAH VARIETIES ALTERNATING WITH CORN 

FIELDS IN THE RICH NILE BOTTOM LANDS NEAR BEDRASHEN, IN GIZEH PROVINCE. 



Bul. 271, U.S. Dept. of Agriculture. PLATE IV. 

Fic. 1.—A DATE GROVE, CHIEFLY OF THE. SAIDY VARIETY, NEAR THE VILLAGE OF 
RASHIDA IN THE DAKHLEH OASIS. 

The giant tree in the center is a male. 

Fic. 2.—DATE TREES, CHIEFLY BARAKAWI, ALONG THE NILE IN DONGOLA PROVINCE, 
BELOW MEROWE, SHOWING “MOTHER AND DAUGHTER” SYSTEM OF GROWTH. 

Note the sakieh used for irrigation. 
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DESCRIPTION OF VARIETIES. 

AGLANY. 

Trees of the Aglany variety are tall and have slender trunks and leaves 10 to 12 
feet long, with a graceful curve at the apex. The leaf bases are 7 to 9 inches broad 

and about 2 inches thick, diminishimg gradually to the normal size of the rib, which 
has a regular taper to the rather slender apex. The dorsal surface of the rib is moder- 
ately rounded, while the ventral surface presents a sharply angled ridge. The spine 

area is about 20 per cent of the blade length; the spines are rather heavy, tapering to 
a slender acute apex, 2.5 to 9 inches or even 12 inches long, passing to a thick ribbon 

pinna 18 to 26 inches long. The normal pinne at 3 to 6 feet from the base of the 
blade are 22 to 27 inches long and three-fourths or seven-eighths of an inch to 14 inches 
broad. From the middle of the blade they gradually diminish in length, but are still 

18 to 21 inches long at 10 feet from the base and 13 to 16 inches long at the apex. Their 

greatest breadth, 14 to 1? inches, is at from 6 to 10 feet from the base. The pulvini are 

heavy, those on the spine and lower pinnz being very heavy, but only slightly caudate, 

and there are no coalescent groups of pinne. The thickness of the pimne blades is 
about 0.017 to 0.018 of an inch. 

The antrorse pinnz fogm about 25 per cent of the whole number on the blade, the 
introrse and retrorse about 35 per cent each, the others being undetermined. The 
paired groups of pinnz form more than half of the entire number, the triple groups 
rank next, and there are a few quadruple groups. 

The divergence of the pinnz from the rachis is rather slight, about 15° to 20° for the 
antrorse and 25° to 30° for the introrse and retrorse classes. They lie close to the 

blade plane, the outer half of the blade being broad, smooth, and nearly flat. 

The fruit! is 13 to 1} inches long, three-quarters of an inch in diameter, narrowly 
elliptical in outline; color, lemon yellow, curing to adull brown. Theskinisthin, the 

flesh three-sixteenths to one-quarter of an inch thick. These dates, when fully ripe, 
are very sweet and sirupy, but rich enough in sugar to enable them to be dried and 

packed for shipment though they are largely eaten fresh. The seeds are 1 inch long, 

five-sixteenths of an inch broad, rather oblong, with broadly rounded ends. The 

ventral furrow is deep, the germ pore being nearly central. At Salihieh, where this 
variety is chiefly grown, it is ripe about the first week of November. 

AMHAT. 

(Notes taken at Bedrashen and Abu Nemrus.) 

Trees of the Amhat variety are tall (PI. III, fig. 2) and have medium-heavy trunks 

and glaucous blue leaves 104 to 134 feet long, with bases of moderate width and the 

rather stout ribs strongly rounded dorsally and decidedly arched ventrally, giving 
unusual approach to a cylindrical cross section.2, The spine area is 24 to 44 feet, the 
medium-heavy spines from 2 or 3 inches long below to 8 or 9 inches in the upper ones 
and passing to stout spike pinnie 23 to 27 inches long. The succeeding normal pinne 

are 24 to 27 inches long, decreasing but slightly till near the apex, where they crop to 
20, 17, and finally 14 inches. 

The pinnez range in width from 1} to 14 inches, only a few of the apical ones dropping 
to five-eighths or three-fourths of an inch broad, and they are rather firm, and stiff 

1 For the cfinracters. of the ripe fruit the writer is fadebted to Mr. T nomen wW. Brown, horticulturist of 
the Egyptian Ministry of Agriculture. 

* lor the system of technical descriptions used in the following pages see “ Botanical Characters of the 

Leaves of the Date Palm Used in Distinguishing Cultivated Varieties,’ Bulletin 223, United States 
Department of Agriculture, by the writer of this bulletin, 

96613°—Bull. 271—15——3 
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throughout, with a thickness of 0.017 to 0.020 ofaninch. The pulviniare from medium 
to heavy, a few being slenderly caudate and coalescent. 

The diversity of the angles of the pinne gives a rather ragged appearance to the 

blade, and the position of the antrorse class keeps the valley of the blade rather narrow 
clear to the apex, asomewhat unusual feature. The analysis shows unusually low 

numbers of introrse pinne and a corresponding high proportion of the paired antrorse- 

retrorse groups. 

The fruit stalks are of medium weight, about 36 to 40 inches to the fruiting head, 
which is 12 to 15 inches. The strands, or “shamrokh,’’ 18 to 22 inches long, are set 
with fruit on the outer three-fifths of their length. 

The oval fruits are 14 to 14 inches long and about three-fourths of an inch broad, 
the broadest portion being a little beyond the middle. 

The color is orange yellow, curing to a brownish black, the packed color being an 

oily black for which there is no equivalent in the color scheme. The skin is thin 
and the flesh sticky and of a color difficult to place in the scale, a “‘maroon purple” 
(R. XXVI)! much deepened being the nearest equivalent. The flavor is rich and 

very sweet, but rather cloying. 
The seeds are about three-fourths of an inch long, five-sixteenths of an inch broad, 

nearly oblong, with rounded ends, the apex obtusely pointed, They are nearly cylin- 
drical, smooth dorsally, the germ pore placed a little nearer the apex, the ventral 

surface somewhat corrugated, the ventral furrow narrow and shallow. Their color 

is very close to “‘avburn” (R. II). 

This variety is gathered before it is fully ripe and dried somewhat in the sun, spread 
on palm leaves in drying yards. The dates are then tramped into huge baskets of 

braided date leaves, holding from an ardeb of 320 pounds to 600 or even 752 pounds. 

While this is a date of rather valuable qualities, certainly much superior to the Amri 

in flavor, it is handled in such a careless and filthy manner, which filthiness is en- 

hanced by the stickiness of the fruit, that the whole product is a dirty, sticky mass 

that finds a sale among the poorer people at prices considerably below those commanded 

for the Siwah of the same district. 

The chief area of the production of this variety is in Gizeh Province, in the dis- 
tricts around Bedrashen, Hauamdiyeh, and Abu Nemrus. There is also a consid- 

erable planting about Manshia, north of the Gizeh Pyramids. 

AMRI. 

(Notes taken at Salihieh and Birket el Hadji.) 

Trees of the Amri variety (PI. III, fig. 1) have unusually airy and feathery tops, an 

appearance due both to the slender, flexible rib and to the narrow pinne. 

“The leaves are 11 to 12 feet long, the rib light throughout, narrow and strongly 

rounded at the base and tapering to a slender apex, which becomes very thin laterally. 
The light ribs are counted of small value in the manufacture of crates and other mate- 

rial of that character. 

The spine area is only about 15 inches, the spines from 2 to 6 or 7 inches long, slen- 

der and acute. They pass into soft ribbon pinnze varying from 10 to 16 or 18 inches 
in length. The normal pinne become 22 to 23 inches long at 4 or 5 feet from the 

base and gradually diminish to 10 or 12 inches at the apex. 
Through the middle of the blade the pinne reach a breadth of only seven-eighths 

of an inch or | inch,twhile the upper and lower ones are from one-half to three-fourths 
ofan inch broad. Several of the lower pinne are somewhat ‘‘necked,’’ as is com- 
mon in Hayany, and the apical pinne are noticeably winged. 

1 The color references in this and the following descriptions are from Ridgway’s ‘“‘Color Standards and 

Nomenclature,’’ Washington, D. C.,-1912. Published by the author. The color cited, ‘‘maroon purple,” 

is quoted from Ridgway’s plate 26, being indicated by “R. X XVI.” 
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The ripe fruits are 2 to 2} inches long, 1 inch to 1} inches broad, nearly oblong 

(fig. 3), sometimes a little the broadest at slightly above the middle, rounding to a 
blunt and often oblique apex, witha short awnlike point. The color is ‘liver brown” 
(R. XIV) or “‘ Hessian brown” (R. XIII), the skin thick, often loose from the flesh 

and thrown in coarse wrinkles. The flesh is three-eighths to five-eighths of an inch 
thick, coarse fibrous, with some stickiness, and with a zone of tough ‘“‘rag” one} 
sixteenth of an inch thick next to the seed. 

The seeds are large and often rough and corrugated, 14 to 14 inches long, three- 

eighths of an inch broad, often poorly filled out at the base; the germ pore placed 
rather toward the base, the ventral furrow broad and shallow. The color of the seed 
is as near ‘‘Mars brown” (R. XV) as can be selected. 

At the time of the writer’s visit to Salihieh, November 8, the bulk of this crop had 

gone out, so the date of ripening may be set at about November 1. 

This date has considerable sweetness, but the flavor is coarse and common. Its 

large size and fine appearance, along with its good packing qualities, can alone account 

for the popularity of the variety. 

The production of the Amri is brought to the greatest perfection in the regions of 
Korain and Salihieh, on the sandy borderland between the delta and the Len 

and is grown in small numbers 

under similar conditions about 

Mergand Birket el Hadji, which 
seems to be about its southern 
range. It probably ranks as the 
most important export variety of 
Egypt, though data in this regard 
arevery meager. Thebest packs 

seen by the writer were in the 

regions above mentioned, where 
. 3.— i he Amri date from the omda’s garden; le-floored drying yards F!6- 3-—Outlines of the 8 ; 

the pebb 2 Des Salihich, Lower Egypt. (Natural size.) 
secured some degree of cleanli- 

ness, and where the reflected heat insured a more nearly perfect curing of the dates 
than is obtained under other conditions. 

In the gardens of this section the dates are packed in boxes of light pine boards, 

which are cut and put together in small factories in the villages. These boxes were 
not exactly uniform in size, but hold from 40 to 50 pounds each, according to how 
closely they are packed. The most that could be learned about the market-was that 
the bulk of the crop is shipped from Alexandria to points in southern Europe. This 
date is found rather rarely in the market stalls of Cairo. 

BARAKAWL.1 

(Sukkoti, Ibrimi, Ibrihimi.’) 

The leaves of the Barakawi variety are 9 to 10 feet long, with a graceful feathery 

taper. The spine area is 18 to 24 inches, the spines slender and acute, the lower ones 
weak and short, but the higher ones become 24 to 4 inches long, Pe into ribbon 

! The original name of this variety, as obtained from Sukkot by the Dongola Saanlk; laisadoubteie Bara- 
kawi, which in the Arabic of that province signifies “blessed,” as ascertained by Mr. Thomas W. Brow n, 

of Gizeh. Some of the chief men of the province, however, write the name in a form which must be trans- 

literated “ Birkawi,’” adjective for the noun “birka,” a pond or pool. Originating in Sukkot, offshoots of 

the variety were carried down the river to below Wadi Malfa, where they were given the name Sukkoti. 
After a shipping trade in these dates from the Ibrim region below Talfa was carried on to points down the 
river, they took the name Ibrimi, and now the Barakawi dates going to Cairo from Dongola Province aro 
sold under the name Ibrimi. 

2 Popenoe, in “Date Growing in the Old and New World,” gives this variety as “Thrihimi, vulgarly 
Tbrimi, Abraham’s date,” being evidently unacquainted with the geographic origin of the name Ibrimi, 
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pinnze 10 to 15 inches long, only three-eighths to one-half an inch broad, soft, thin, 

and acute. 
The normal pinne are 12 to 16 inches long, three-fourths of an inch to 1 inch 

broad, but the blade tapers with a feathery grace toward the apex where the pinnz 

are but 6 to 9 inches long and one-half to five-eighths of an inch wide. The pinnee 

are very smooth in their arrangement, falling nearly into two ranks, with a diver- 

gence from the plane of only 10° to 30°, and from the axis of 30° to 45°. The groups 
fall into twos, threes, and fours, but the difference in the angles formed by the 

antrorse, introrse, and retrorse pinne is not very pronounced, and toward the apex 
many of the pinne are difficult to place. 

The pulvini are inconspicuous and none caudate. 
The fruits are of the dry type, 2 to 24 inches long, three-fourths of an inch broad at 

the base, tapering acuminately to a small obtuse apex. They are usually oblique 

and unsymmetrical, often slightly curved (Pl. V). The surface is broken by fine, 
branching, longitudinal furrows, but is more nearly smooth toward the base. The 
color of the apical half or two-thirds is “chestnut brown” (R. XIV) or in some cases 

more nearly ‘‘bay”’ (R. Il). There is a faint lavender bloom. The basal portion of 

the fruit is usually a shade between “‘honey yellow” and ‘‘Isabella color’’ (R. XXX). 

The firm dry flesh is three-sixteenths of an inch thick, having an outer zone some- 
times the color of the exterior, the inner portion being pale ‘‘cream color” (R. XVI) 

or “‘cartridge buff” (R. XXX). The flavor is moderately sweet, wheaty, with a 

suggestion of a fruity acid, and no hint of astringency. With those who are fond of 

the appetizing flavor of the best dry dates without the cloying richness of the sirupy 
type, this will find a place among the three or four best varieties. The seeds are small 
for the size of the fruit, about 14 inches long, one-fourth to five-sixteenths of an inch 

broad, nearly oblong, smooth, with a broadly rounded apex. ‘The small germ pore is 
placed at about three-fifths of the seed length from the base, the ventral furrow being 

narrow but rather deep. In color they are ‘‘snuff brown” (R. X XIX) in the darker 

parts, fading toward ‘‘cream buff’? (R. XXX) in the lighter portions. 
This is the great commercial date of the Dongola Province, and it is claimed, as for 

the three other varieties, that it was brought from the Sukkot country many years 

ago, a claim fully sustained by Burckhardt’s account. 
The fruit is reputed to possess the best keeping qualities of any variety known in 

Nubia or the Sudan. The natives say that it will keep for two years, and that it is 
so hard that the weevils do not get intoit. Itisin great demand among the nomads, 
who come in from as far as Kordofan to purchase these dates at the Dongola market 

towns. The price as given by Davie! is 72 to 96 piasters per ardeb of 320 pounds, 

equivalent to $1.124 to $1.50 per 100 pounds. 

Col. H. W. Jackson, Governor of Dongola Province, states that about one-third of the 

output of this date now goes to Egypt; also that they are much sought after by the 
pilgrims to Mecca, their fine keeping and transporting qualities, as well as their 
excellence as a food, making them very desirable for such a long journey. One of 

the prominent sheiks told the writer that these dates are sold in Egypt under the 

name Ibrimi. 
The region, of the chief production of this date is the great bend of the Nile, a stretch 

of about 150 miles lying between the third and fourth cataracts. For the greater part 

the bottoms are very narrow, scarcely more than garden patches, and often the rugged 

sandstone bluffs, crowned with the ruins of ancient Roman fortresses or the more 

recend native retreats in time of river raids, rise abruptly from the river bank. There 
are no irrigation canals in the entire province, and with the exception of some small 
flood areas and the infiltration received by trees near the river banks, the date trees 
are all irrigated by means of rude geared wheels of acacia wood (sakieh) turned by 

1 Unpublished manuscript, ‘‘The Date Palm,’’ by W. A. Davie, Inspector of Agriculture, Khartum, 

May, 1911; courtesy of the Director of Agriculture and Forestry, Sudan Government. 
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SAMPLES OF THE BARAKAWI DATE, THE CHIEF COMMERCIAL VARIETY OF THE SUDAN; 
FROM MEROWE, BUT KNOWN AS IBRIMI IN THE EGYPTIAN MARKETS. (NATURAL SIZE.) 
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SAMPLES OF BENTAMODA, THE CHOICEST VARIETY OF SUKKOT AND DONGOLA DATES, 

FROM MEROWE, (NATURAL SIZE.) 
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SAMPLES OF BARTAMODA DATES FROM ASWAN, WHERE BUT FEW TREES ARE KNOWN; 

THE SAME FRUIT AS BENTAMODA. (NATURAL SIZE.) 
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SAMPLES OF CORRAGIA, A MINOR VARIETY OF DATE FROM MEROWE, SUDAN. (NATURAL 

SIZE.) 
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bullocks, which lift the water by means of an endless chain of earthen jars set on 
heavy ropes. (PI. IV, fig. 2.) Where the lands are the best and the culture the most 
intensive the sakiehs are often not more than 100 feet apart, and the moaning creak of 

a score of these along the river bank on a hot tropical night is one of the memories 

that will abide longest with the visitor to Dongola. 
Except in the newest plantations, there is little regularity in the setting of these 

date trees and the practice of allowing from three to seven or eight ‘“‘daughter”’ trees, 
offshoots from the ‘‘mother” tree, to grow up around it, inclined at various angles 
from the perpendicular, gives to these Dongola date plantations a weird and tropical 
picturesqueness, which contrasts strongly with the straight-bodied, formal appearance 

of the groves seen about Merg or Bedrashen. 
Either there is an appreciation of the fact that in this region of dry air and intense 

heat a greater insulation of the growing center is needed, or perhaps the temptation 
to remove leaf material to sell is not so great; at any rate, the tops of the Dongola date 

trees are left much heavier than in Lower Egypt, and the leaves are not cut so closely 

at the base. 
The Dongola people are apparently very well satisfied with their Barakawi industry 

and are offering no offshoots for sale, but are planting new groves as fast as they can 

get the material. 
The writer was informed that there is also a considerable production of this variety, 

under the name ‘‘Ibrimi,”’ in Berber Province, which is the uppermost date-produc- 

ing region of the Nile Valley, including the fourth and fifth cataracts; for while there 
are many date trees about Khartum, the fruit is hardly produced in commercial 

quantities. 
In the reaches of the Nile Valley, between Wady Halfa and Korosko, there are 

narrow stretches of alluvial land and islands which, together, permit the cultivation 

of many thousands of date trees, of which this variety, under the name ‘“‘Ibrimi,”’ is 
the chief. An important section of the valley is on some maps designated as Wady 

Ibrim, to which an ancient ruin known as the Kasr Ibrim doubtless gave the name, 

and which is now represented by a modern native village of the usual squalid type. 
The product of this section reaches the markets of Lower Egypt under the name 

“Tbrimi” and leads to the inclusion of the Barakawi dates from Dongola under the 
same name. As there is a great variation in size and appearance among the dates 

marketed as ‘“‘Ibrimi” in Cairo, there is good ground for the suspicion that the crop 
from a good many seedling trees bearing fruit closely resembling the original variety 

is marketed under that name. 

BENTAMODA. 

(Betamoda, Bartamoda.) 

Trees of the Bentamoda variety have moderately heavy trunks and gracefully 

curved leaves 9 to 12 feet long, with light, slender ribs and narrow bases. The spine 
area is very short, the slender needlelike spines being from 1 inch long below to 5 or 

6 inches long where they pass to the narrow, grassy ribbon pinne. The normal pinn 

range in length from 12 or 16 inches to 18 or rarely 21 inches at a little beyond the 

middle of the blade, holding 12 to 16 inches to near the apex, where they shorten 

abruptly to a range of 7 to 10 inches. 

The pinne are narrow throughout, seven-eighths of an inch to 1 inch broad, rarely 

exceeding 1} or 1} inches in the wider ones. Their texture is soft and grasslike, witha 

thickness of 0.011 t00.014 ofaninch. The pulvini are light, in some cases slightly cau- 
date, but with no groups coalescent. At the base of the blade the pinne have a light 

axial divergence and a strong divergence from the blade plane, forming a narrow, 

close valley, which opens out toward the middle of the blade, where the pinne are at 

about 27° to 30° from the blade plane, giving a rather smooth uniform leaf toward the 

apex. The general color is rather light green with a thin waxy bloom. 
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The fruit in ripening presents a very beautiful appearance, the buna@hes being 
heavy on long strands (shamrokh). The half-ripe fruit is about 24 inches long, often 
oblique, a little curved, and with a peculiar long-pointed apex (Pl. VI). The color is 
a mingling of ‘‘apricot orange” (R. XIV) with ‘‘ochraceous orange” (R. XV). The 
flesh is thick, the interior of which is satiny white. In ripening, the fruit becomes con- 
siderably reduced in size, and is about 2 inches long and seven-eighths of an inch tol 
inch broad, with the skin softly wrinkled and an appearance of bloom. The color is 
now a shiny ‘‘Brussels brown” (R. III). The oblique form and long point are still 
well retained (fig. 4). The flesh is soft, but not sticky, very rich and sweet, with a 
distinctive flavor, which places it in a high class among dates. The smooth oblong 

seed is narrow and rather delicate for the size of the fruit, being 1} to 1,3; inches long, 

five-sixteenths of an inch broad, rounding about equally and obtusely at either end, 
but the apex is often apiculate. The germ pore is placed about two-fifths of the seed 
length from the apex, the ventral furrow being shallow and narrow. The color of the 
seed is close to ‘‘Sayal brown” (R. X XIX). 

Samples of this fruit brought from Merowe and examined in Washington on May 20 
of the following year, though still in perfect condition, did not possess quite the high 
flavor of the recently matured fruit. 

This variety is considered by the English residents of the Dengola and Halfa proy- 

inces to be the finest date of dessert quality in the Sudan. It is nowhere found in 
} commercial quantities, and the pos- 

session of a few trees is regarded as 

rather a mark of wealth and dis- 
tinction, the fruit being kept to 
offer to guests or sent as presents. 

The gift of an offshoot from this 
variety is a mark of especial favor 
or courtesy. Davie states that this 
variety ‘‘can be treated asa soft ora 

dry date,’’ also that ‘‘an ardeb (300 

to 320 pounds) will fetch as much ag 
192 piasters ($9.62 in United States 

money). There is not much trade in this variety, however, as the quantity is limited.” 
Itisclaimed to be one of the four varieties originally obtained by the Dongola people from 

the Sukkot region, where it is to be found to-day in greater numbers than in Dongola. 

A very interesting question of synonymy arises from the fact that among samples 
of dates collected from near Aswan for Mr. Thomas Brown, horticulturist, of the Egyp- 

tian Ministry of Agriculture, was one of a variety called ‘‘Bartamoda,’”’ which upon 
careful comparison could not be distinguished from the sample of Bentamoda, which 
the writer brought from Merowe. Also, in October, 1911, Mr. A. Aaronsohn, acting 

as agent for Mr. Fairchild, purchased at Aswan, among others, 10 offshoots of ‘‘Bar- 

tamoda” (under 8. P. I. No. 32720). 

As offshoots have been brought down the river from Sukkot to the Aswan region for 
many years, 1t would have been probable that so fine a variety as the Bentamoda 

would be among them, and with the carelessness of these people about names, which 

often pass by word of mouth, the discrepancy in this case is not surprising. As to the 
meaning of the name as used in Dongola, the writer could get no satisfactory explana- 

tion. To the question whether it was from “‘bint” or ‘‘bent,’’ daughter or girl, they 

insisted that 1t was neither. i 

A special trip to Aswan was made early in February, 1914, for the purpose of study- 

ing on the ground the question of the identity of the dates known under these two 
names. A close examination was made of the few trees known as “‘Bartamoda” to be 

found near the village, and through the courtesy of the omda samples of the fruit were 
obtained, so as to settle beyond question the identity of the two (Pl. VII). A very 

intelligent native gardener, familiar with the trade in date offshoots from the Sudan 

region, also emphatically testifies that Bentamoda and ‘‘ Bartamoda” are the same date. 

Fic. 4.—Outlines of the Bentamoda date in fresh condition, 

from Merowe, Dongola Province, Sudan. (Natural sie.) 
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BINT AISCHA. 

(Notes taken in Gizeh Garden, Nov. 12, 1913.) 

The trees of the Bint Aischa variety are the smallest in the park collection, though 

the leaves nearly equal those of Samany in length. They are 14 to 15 feet long, with 
rather slender ribs strongly rounded dorsally and decidedly arched ventrally. The 

leaves have a distinctly glaucous-green color and are heavily coated with waxy bloom. 

The spine area is from 2 to 3 feet, the slender, acute spines from one-half inch to 5 or 
6 and up to 9 inches in length. They are followed by ribbon pinnz 2 to 3 feet long, 

one-half inch to 1 inch broad, and so soft and flexible as to be quite pendulous. 
The normal pinnz are 24 to 28 inches long, 1 to 1} inches broad, diminishing evenly 

to 14 or 16 inches long at the apex. The lateral faces of the ribs and attachments of the 
pinnz are rather narrow, the pulvini light. Toward the apex of the blade many of 
the pinne have the proximal fold broadened into a wing. The thickness of the pinnze 
is 0.017 to 0.018 of an inch. 
The orange-colored fruitstalks are of medium size. 

The fruits are 14 to 2 inches long, about 1 inch broad, oval, or broadest at two-fifths 

of the length from the base, rounding rather abruptly to an obtuse apex. The hard 

ripe color is near to ‘‘Bordeaux” (R. XII), with a conspicuous pale lilac bloom, 
lighter than ‘‘mauvette” (R. XXV). As ripening advances the color deepens to 
“burnt lake” (R. XII), and from that to nearly black. The outer flesh is then near 
“raisin black” (R. XLIV), whitening toward the center. The skin then slips readily 
from the flesh, which is surrounded by a thin, sirupy layer. 

The rather small seeds, 1 inch long and one-quarter of an inch broad, are smooth and 

tapered slightly toward the base. Their color is nearest to ‘‘auburn” (R. II). The 
germ pore is generally one-third of the seed length from the base, the ventral furrow 

being light and shallow. 
The flavor is rich and sweet, and this is a deservedly popular little date. It is 

quite widely disseminated from Rosetta to Merg, but is nowhere planted as a leading 
variety. 

CORRAGIA. 

The Corragia date is a Dongola variety known only from ripe samples obtained at 
Merowe, on September 24. 

The fruits are 13 to 1} inches long, about 1 inch broad, with square blocky base and 
body diminishing slightly to a broadly rounded apex (Pl. VIII). Therather thick skin 

is generally closely adherent and the surface thrown in short, coarse reticulations. 
The color is rather deeper than “chestnut” (R. II) with a short basal area approach- 

ing “‘mikado brown” (R. X XIX), and there is « pale lavender bloom. 
The thin semidry flesh is spongy, with a good deal of tough fiber within. It is 

“cream buff” (R. XXX) in color. The flavor is sweetish, but lacking in quality, 
The large smooth stone is 1 inch Jong, a little more than three-eighths of an inch broad, 
with broadly rounded ends. Thesmall germ pore is slightly apical, the ventral furrow 
moderately broad and deep; color, dull ‘‘cinnamon brown’’ (R. XV), shading to 
“chamois” (R. XXX) at the base. This is a date of fine appearance, which is belied 
by its thin flesh and third-rate quality. 

FALIG, 

The Falig date is a variety mentioned by Beadnell' as growing in the Khargeh Oasis 

but was seen by the writer only at Rashida village, in Dakhleh, where it was served 

as a dessert fruit. A complete description was not obtained. 
The fruits are large, having a length of about 24 inches, long elliptical in outline, 

color a rich waxy yellow, flesh very rich and sweet, but so soft and sirupy as to be 

difficult to eat. It is said to keep but a short time. 

1 Beadnell, H, J. L. An Egyptian Oasis .. . p. 212-223, 2 pl. London, 1909. 
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GONDEILA. 

(Notes taken at Merowe, Dongola Province, the Sudan, in September, 1913.) 

The Gondeila date tree has beautiful, long, tapering leaves with their pinnz very 
regular in arrangement, forming a blade nearly open and flat. In general appearance it 

reminds one of Arechti more than of any other variety. The leaves are 12 feet or more 

in length, the rib moderately heavy, with a graceful taper, the base firm and heavy, 

strongly rounded dorsally, but little arched ventrally. The spine area varies from 24 
to 3 feet; the spines, usuaily placed singly, are rather weak and scattered. They pass 
into ribbon pinne, 22 to 24 inches long and one-half to five-eighths of an inch broad. 

Above these the normal pinne are 18 to 22 inches long, 14 to 14 inches broad, but 
diminishing toward the apex to 17 or 18 inches in length and one-half to five-eighths of 
an inch broad. They have a very graceful appearance, are soft in texture, and have 

no acuteness at the tip. 

The pulvini are small and inconspicuous; none are caudate, 
The pinne form angles of 10° to 15° with the plane of the blade and of 30° to 45° with 

the axis of the leaf. In grouping, the pinne run rather uniformly antrorse-retrorse and 
; antrorse - introrse - retrorse, 

with no higher groups. 

The fruit stalks (Arabic 
“‘sobata’’) are very heavy, 

2} inches broad, rigid, 40 to 

43 inches long to the head. 

The fruiting head is 6 to 8 

inches long; the strands 

or ‘‘shamrokh”’ are short, 

coarse, angled, sprangly, or 

standing out at strong 

angles from the heads; all 

parts are a dull pale orange 

color. 

The fruit, borne on the 

outer half of the shamrokh, 

is 13 to 2 inches long in the 

partly ripe stage, smooth, oval (fig. 5), in color ‘‘antimony yellow” (R. XV), the flesh 

and inner surface being satiny white. As ripening proceeds, the fruit colors to amber 

brown at the tip and becomes softly wrinkled, the ripening advancing toward the base, 
which remains a dull yellow when fully ripe. The flesh is then pale-amber colored, 

a little granular, rich, and sugary. 
This is decidedly a fine dry date, the equal of any we have from Algeria. At Merowe 

on September 21 the last of the fruit had just been cut; the first was ripe 14 days earlier. 

Trees of this variety are grown only in small numbers, and the fruit is usually kept 

for presents or to offer to guests. It reaches Cairo only on special orders. 

An ardeb (320 pounds) is priced at 154 piasters (about $2.40) per 100 pounds. 
Inspector of Agriculture W. A. Davie quotes an ardeb of ‘“‘Gondela”’ at 100 to 120 

plasters (equivalent to $1.50 to $1.87) per 100 pounds. 
The Gondeila was given by the leading met at Merowe and by Col. H. W. Jackson, 

Governor of the province, as one of their four chief varieties, ranking next to Barakawi 

in numbers and importance. 
With others this variety is said to have been brought originally from the Sukkot 

country, which the Dongola people say possessed the date first. Various authorities 
agree that this date can now be found in small numbers in the region about Aswan, to 

which country many date offshoots have been brought down the river from Sukkot. 

A number of trees said to be of this variety were shown to the writer at Aswan in Feb- 

ruary, 1914. 

Fic. 5.—Outlines of the Gondeila date from Merowe, Dongola Proy- 

ince, Sudan: A, Freshly ripe; B,cured. (Natural size.) 
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Fig. 1.—A YOUNG PLANTATION OF HAYANY DATES IN THE DRIFTING SAND NEAR THE 

MEDITERRANEAN COAST ABOVE RAMLEH. 

vive neh 
aK ‘VY MV! 

Fic. 2.—A YOUNG HAYANY DATE TREE NEAR RAMLEH. 

Showing how the fruitstalks are Jashed to the ribs of the leaves to keep the buneh from 

thrashing in the strong winds from the Mediterranean, 
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SAMPLES OF JAOW ISWOD, A MINOR VARIETY OF DATE FROM NEAR MEROWE, SUDAN. 

(NATURAL SIZE.) 
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SAMPLES OF JAOW OBAID, A MINOR VARIETY OF DATE FROM NEAR MEROWE, SUDAN. 

(NATURAL SIZE.) 
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SAMPLES OF KOSHA, THE LEAST KNOWN OF THE FOUR CHIEF VARIETIES OF DATE 

OF DONGOLA PROVINCE, FROM NEAR MEROWE, SUDAN. (NATURAL SIZE.) 
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HAMRAWI. 

The Hamrawi date is a variety of secondary importance in the Khargeh and Dakh- 

leh Oases, and only a small number of these trees are grown. At El Khargeh it was 
mentioned that especially fine ‘“‘agwa’”’ is prepared from them, packed in earthen jars. 
The leaves of this variety are long, with light flexible ribs and rather narrow bases 

strongly rounded dorsally, and dark colored, as though partaking of the dark red nature 
shown in the fruit. The spine area is long, one-third to two-fifths of the blade length, 
the spines short, light, and weak. They pass into very narrow ribbon pinne. The 

normal pinne are 18 to 24 inches long, 14 to 14 inches broad, rather soft in texture. 
The fruit stalk is short, heavy, and erect, the strands short, the bunch very heavy and 

compact. 

The fruit is about 2 inches long, 14 inches broad, oblong, with square blocky base 
and rounding abruptly to a broad obtuse apex. The ripening fruit is nearest to a bril- 
liant ‘‘carmine”’ (R. I), but ripens to a dull purplish color, nearly black. The dark 

flesh is very soft and sirupy, richly sweet, keeping but a short time afterit isfully ripe. 
The seed is rather small. 
A date grown in the vicinity of Bedrashen is known by this name, and of it the 

fellahin give a similar description, but the writer was unable to see it in fruit and is 

not certain that it is identical. 
HAYANY. 

(Notes taken in the vicinity of Merg and Birket el Hadji.) 

The Hayany date is a tall-growing variety, but its trunks are usually more slender 

_ than those of most of the Egyptian dates (PI. IT, fig. 1). The leaves are usually about 

12 feet long and may reach 14 or 15 feet under conditions of abundant moisture and 
luxuriant growth. The tops are always airy and graceful in appearance, though the 
rib is moderately strong and has taper enough to give a graceful curve at the tip (Pl. 

IX, fig.1). With the free growth induced by abundant moisture, the leaves may curve 

strongly outward and downward, even to an appearance of drooping. These leaves 

have an unusually long petiole, or clear space, between the fibrous sheath and the 

first spines, which sometimes amounts to 15 or 18 inches. The base is broad and thin, 
narrowing abruptly to a moderate-sized rib. The spine area is about 30 inches, and 
the slender, acute spines range in length from 1 inch for the lowest to 7 or 8 inches 
where they pass into the strikingly long narrow ribbon pinne, which may be 24 to 36 
inches or more in length, while they are only one-half or three-fourths of an inch wide. 

From these the pinnz diminish in length and increase in width until at 9 or 10 feet 
from the base they are 18 or 20 inches long and 12 to 14 inches broad, rounding off 

the end of the blade with a length of 14 to 16 inches. _ In the lower portion of the rib 
the lateral faces are narrow, but they become quite broad at from 8 to 10 feet. The 

lower pinnz and some of the upper spines are contracted near the base into an oval 
solid “‘neck” from half an inch to 2 inches in length. While this may occur to a lim- 
ited extent in some other varieties, it is a character so far always found occurring in 
the Hayany. The pinnez are placed so as to form a rather smooth open blade, and 

the open spacing of the long lower pinnze gives to these tops an airy lightness that is 
very pleasing. 

The orange-colored fruit stalks are 3 to 4 feet long, of medium weight, and rather 

flattened in cross section. The strands (shamrokh) are of medium length and weight, 

the fruit being borne on their outer half. 

The compact bunches of brilliantly colored fruit, hanging like huge tassels below 

the vase-shaped crown, make a grove of these trees a very striking sight. In the 

coast region the lashing of the fruit stalks to the bases of adjacent leaves to prevent 
the thrashing of the bunch in the gales is a cultural practice which is illustrated in 
Plate IX, figure 2. The fruits are 2 to 24 inches long and 1 to 1} inches broad, the 
broadest portion being usually a little below the middle; some fruits are often a little 
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curved and unsymmetrical. They taper gradually toward the broadly rounded 

apex (fig. 6). 

The color of the fruit, as it is gathered, hard ripe, is dull ‘‘carmine” or near to 
‘“‘Nopal red,’’ with blotches of ‘‘ox-blood red” (all R. I). The flesh is then nearly 
white, brittle, juicy, sweet, with considerable astringency. In ripening, the color of 

the fruit drops to a shade close to ‘‘Hay’s maroon” (R. XIII) and to a dull unattractive 

shade, as near ‘‘dull purplish black” (R. L) as anything. 

In the ripe fruit the rather thick smooth skin is easily slipped off and between it 

and the rather soft outer flesh is a thin sirupy layer. The outer flesh is of a ‘‘tawny 

olive” color (R. XXIX), with a firmer, slightly fibrous interior of ‘‘colonial buff” 

color (R. XXX). The whole thickness of tne flesh is about one-fourth of an inch. 
The flavor is moderately: sweet, not cloying, but lacking in distinctive quality or 
‘“bouquet.”’ 

The seed is large, 1} to 1$ inches long, three-eighths of an inch broad, oblong or 

slightly wedge shaped, with broadly rounded ends, sometimes slightly recurved. The 

ventral furrow is broad and deep. In most specimens the germ pore is about three- 

eighths of an inch from the base, but in some seeds it is central. An examination of 

the fruit of individual trees would be needed to show the extent of these variations. 

The color of the seed varies from ‘‘wood brown” or “‘buffy brown” ‘R. XL) to near 
‘‘antique brown” (R. IIT). 

As well as the writer can judge from memory of more than a year, the flavor of these 

Egyptian Hayany dates is not as rich and sweet as those of the same variety grown 
under the name of ‘‘ Birket el Haggi’’ in the heavier soil and under the hotter sun of 

the Cooperative Date Garden of Tempe, Ariz. The enormous quantities of this date 
gathered in the unripe stage and consumed in Egypt by people of all classes is un- 

doubtedly the result of a taste for which, as yet, the American people have developed 

no equivalent. The great region of the Hayany date is that of the coastal dunes and 

sandy delta land from Alexandria through Ramleh and Edku around to the lands 
bordering the Nile below Rosetta. The second region is the border land between 
the delta proper and the desert, represented by Birket el Hadji, Merg, Korain, Fakus, 
and Salihieh. There are a few small districts bordering the desert west of Cairo where 

this variety is growing, and new plantings are being made above the Pyramids. The 
latter regions being much hotter and earlier, the crop ripens there first, and fruit from 
some of these points was brought into the Alexandria markets on September 2. The 
distribution of the fruit seems to be pretty general among the smaller towns, as well 

as the cities, and the heavy production is handled with very little waste. By the 

time the earlier regions are cleared up the crop from the coast region begins to move. 

The first Hayany dates from the coast were noticed in Cairo on November 7, and 

they continued to come in for about 30 days. 

The Zagloul and the Samany varieties came in with the Hayany in the latter part 

of the season, and the Samany continued to appear for about 10 days after all the 

Hayany fruit had gone; in fact, until the shortening supply was taken by the Alexan- 

dria market. At Korain, a small proportion of the Hayany dates are made into 
‘fagwa.’’ After being allowed to become fully ripe the skins are slipped off and the 

seeds removed, after which the fruit is spread in the sun and dried for a few hours. 
They are then kneaded and worked over several times until the mass becomes a 

smooth, homogeneous paste, which is then packed into earthen jars and tightly 

sealed. 

The Hayany fruits seen in the markets of Alexandria and Cairo, as well as upon the 

trees at Ramleh, Edku, Rashid, Merg, and Birket el Hadji, showed marked differ- 

ences in size and form. While the general type is rather constant after allowing for 
variations due to the different qualities of soil and amount of water received, there 
remain variations too great for such explanation. It is more than probable that a 
good many seedling trees which have appeared from time to time bearing a close 
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resemblance to their Hayany parent, along with their offshoots, have been incorporated 

under the name of Hayany and that now it would be impossible to always distinguish 
the original type from them. 
The earliest introduction of this variety into the United States was through Mr. 

David Fairchild. The shipment was from Alexandria in the spring of 1901. Two 
offshoots with this name, under S. P. I. No. 6438, were planted in the Cooperative 

Date Garden at Tempe, Ariz. Of the same shipment one tree, labeled ‘‘Dakar 

Majahel,’’ S. P. I. No. 6442, was very tardy in flowering, but finally proved to be 
Hayany or a near equivalent. Of a shipment of offshoots secured through Mr. Fair- 

child from Mr. Em. ©. Zervudachi, in October, 1901, six trees were labeled ‘‘Birket 
el Hagei’’ and were planted at Tempe, under S. P. I. No. 7635. Three other trees of 
the same lot, from which the labels had been lost, were planted without S. P. I. 
numbers and as soon as they fruited were identified by the writer as being the same 

as those under No. 7635. 
Studies made by the writer from 1909 to 1912 established clearly the identity of 

these ‘‘ Birket el Hagei’”’ trees with the trees labeled Hayany, and probably also of 

the No. 6442, though its very tardy fruiting is not characteristic of the variety. Asthe 

variety 

a 
gece ee, 
er, pro- 
lific in | 
ofishoots, and productive of a fruit 
which, if not of the highest qual- 
ity, contains more sugar than it 

develops in Egypt, it has been 
very popular with the people of 
the Salt River Valley. It soon 

attracted rather widespread notice 
and has been more highly indorsed 
by the staff of the Arizona experi- Fic. 6.—Outlines of the Hayany date in “rutab” (fresh) con- 
ment station as a variety lik ely to eee Haas eee SRO 7, 1913; shipped 

bemore profitableundertheircon- "SP eae.) 
ditions than any other date tested in the Tempe Garden. All this exploiting has been 
under the name of ‘‘Birket el Haggi,”’ frequently shortened to ‘‘Birket’’ as more con- 
venientandeuphonious. Itwasnatural, then, to wish to learn not only the correct name 
of this date, butits homein Egyptand under what conditionsit grows to the best advan- 

tage. The only published reference to the ‘‘Birket el Haggi”’ as an Egyptian variety 

isin the paper by Delchevalerie,! a former gardener of the khedive, who described it as 
avery rare variety ‘ ‘sweet and sugary and of a reddish color,’’ and called it ‘ ‘the earliest 

fruiting date tree in all Egypt,” giving fruits from the second year of planting. 
Repeated visits by the writer to the villages of Merg and Birket el Hadji, near the 

shores of the old ‘*Pool of the Pilgrims,’’ brought out the fact that they have no date 

variety called ‘‘Birket el Haggi,’’ but that the early-ripening Hayany reach the Cairo 

market under this local name, as we in America speak of ‘‘Chautauqua grapes’’ or 

“Riverside oranges.’’ That in a foreign country and with a foreign tongue such a 

local designation should be mistaken for a varietal name is easily understood. 
Delchevalerie’s description of ‘‘ Birket el Haggi’’ is meager in details, but corresponds 

well with Hayany, though his account of Hayany in the same publication is wholly 

1Delchevalerie,G. L’arbrenational des hgyptiens. Ledattier. Sa description, son histoire, sa culture, 

sa multiplication et son emploi dans les arts, l’industrie, la médecine et l’économie domestique, In Bul. 
Fd, Soc, Hort, Belgique, 1871, p. 170, 1872, 
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in error. How he should have overlooked the real Hayany, the most numerous and 

popular date in the Egyptian delta, is difficult to understand. 
The essential points of the discussion are that there is no such date variety as 

‘‘Birket el Haggi’’ and that the trees received from Mr. Zervudachi under that name 

and planted in the Tempe Garden under S. P. I. No. 7635 are Hayany, identical with 
those of the earlier importation by Mr. Fairchild under S. P. I. No. 6438. 

JAOW ISWOD. 

A Dongola variety known only from samples of the fruits, which were procured 
from near Merowe in a ripe condition on September 24. 

The fruit is oblique and unsymmetrical, 2} to 24 inches long, seven-eighths of an 

inch to 1 inch broad, the broadest portion being slightly above the base, from which it 
tapers granually to a rather blunt apex (Pl. X). The thick skin is closely adherent, 

coarsely wrinkled longitudinally, with some smaller cross reticulations. The basal 

portion is colored ‘‘carob brown” (R. XIV), with the apical portions more nearly 
“chestnut” (R. II). 

The semidry flesh is about one-fourth of an inch thick in the thickest portions and is 

‘“‘cream buff” (R. XXX) in color. The sweetish flavor is suggestive of dried sweet 

apples. In keeping qualities this variety seems about perfect. The oblong seed is 

about seven-eighths of an inch long, five-sixteenths of an inch broad, somewhat flat- 

tened, broadly rounded at either end, the germ pore rather nearer the apex, the ventral 

furrow narrow and deep; color near to ‘‘tawny olive” (R. X XIX), shading to “‘clay 

color” (R. X XIX). 
JAOW OBIAD. 

A Dongola variety of the dry type known only from samples of the ripe fruit, which 
were procured at Merowe on September 24. 

Fruits broadly ovate, somewhat oblique and unsymmetrical, 14 to 14 inches long, 

three-fourths to seven-eighths of an inch broad, the shining surface being broken by 

well-marked but rather fine reticulations, the basal portion sometimes smooth (PI. - 

XI). The color is difficult to place, owing to a translucence, but may be described as 

between ‘“‘chestnut” and ‘‘burnt sienna” (R. II), or sometimes more nearly “‘amber 

brown” (R. III), with the basal one-third often close to ‘‘honey yellow” or ‘‘chamois” ~ 

(R. XXX). Many of the fruits show a faint lavender bloom. 
The firm flesh, one-eighth of an inch thick, is ‘‘cream buff” (R. XXX) in color, with 

an agreeable flavor of honey wafers and no suggestion of astringency. 

The oblong seeds are three-fourths of an inch long, three-eighths of an inch broad, 

nearly smooth, the ends broadly rounded, the apex often apiculate. The germ pore 

is placed slightly apically and the ventral furrow is narrow and rather deep. The color 

may be called a dull “‘snuff brown” (R. X XIX), with the basal portion ‘‘chamois” 

or ‘‘cream buff” (R. XXX). 

Examined June 1, or more than 8 months from ripening, these fruits were found in 
perfect condition. 

KOBI. 

One of the latest dates to come to the Cairo market from Edku and Rashid is the 

Kobi variety. The trees are not grown in large numbers and the fruits are shipped 

hard ripe in date-leaf crates to be consumed fresh. They were seen in Cairo from 

December 16 to 20. The fruits are about 14 inches long and seven-eighths of an inch 

broad, the greatest diameter at a little above the middle, from which they contract 

abruptly to a broadly rounded apex. The color is close to ‘“‘amaranth purple.’ 

ripening to a ‘blackish red-purple” or “‘burnt lake” (all R. XII). The rather brittle 
flesh is sweetish, but without character, and it ferments readily during ripening. 

The oblong seed is about seven-eighths of an inch long, three-eighths of an inch 
broad, slightly rough, with broadly rounded ends. The apical portion is colored from 
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“‘russet”’ to ‘‘Mars brown” (R. XV), with the base close to ‘“‘chamois” or ‘‘cream 

buff” (R. XXX). The germ pore is usually placed centrally and the ventral furrow is 

narrow and shallow. 

This variety is of value only as it prolongs the season of fresh dates. 

KOSHA. 

This belongs to the dry-date class, and the fruit only wasseen,and in the dry condition. 

Fruits 14 to 12 inches long, three-fourths to seven-eighths of an inch broad, distinctly 

compressed, oblique and unsymmetrical, sometimes slightly curved, broadest at 

about one-third above the base, tapering rather abruptly to an obtuse apex (Pl. XII). 

The surface, with nearly smooth or slightly wrinkled areas, broken by areas of fine 
longitudinal folds with cross reticulations. The color is somewhat mottled, the darker 

portions being ‘“‘bay” (R. II), with an area around the base of “‘sorghum brown” 
_ (R. XX XTX) and lighter patches of ‘‘clay color” (R. X XIX). 

~The fine granular flesh is ‘‘honey yellow” in the darker parts and ‘‘cartridge buff” 

“(R. XXX) within. The flavor is remarkably sweet for a dry date, with the usual 
wheaty flavor and no trace of astringency. The quality will rank as excellent. 

The seeds are seven-eighths of an inch to | inch long, about five-sixteenths of an inch 

broad, tapering toward the slightly apiculate apex, often with sharp lateral ridges or 

“‘wings.’’ The small germ pore is usually about central, the ventral furrow being 

rather narrow and deep. The color of the seeds is nearest to ‘“wood brown” (R. XI). 

The sample of this fruit was included in a lot obtained at Merowe on the eve of 

departure from Dongola Province. The whole collection was mailed to Washington 
and the description of the varieties was not made till after the writer’s return. 

This variety is regarded as one of the best dry dates yet sampled, and steps will be 
taken to secure offshoots of it at a later date. 

KULMA.! 

The Kulma date is counted as one of the four chief varieties originally received 
into Dongola from Sukkot country. The leading men of Merowe say that this variety 
should not be planted near the 
Nile bank, where its roots will 
get too much water, but farther 
inland, where it will be spar- 
ingly irrigated. 

The only tree seen? had a \ 
rather short, heavy trunk and 
dense, broadspreading top. The 
leaves are 10 to 12 feetlong, with 
stout ribs carrying their size well 

Fia. 7.—Outlines of the Kulma date in fresh, ripe condition; out toward the apex, where there ; 
$ Hosas from the governor’s garden, Merowe, Dongola Province, 

is but aslight flexibility. The = guqan. (Natural size.) 
foliage is bluish green with 
heavy waxy bloom. The spine area is 18 to 24 inches, the spines heavy, acute, from 
2 to 7 or 8 inches long, passing to stiff acute spike pinnee 18 to 20 inches long, one-half 

to five-eighths of an inch broad. At about 36 to 40 inches from the base they pass into 
the normal pinnz, which are 16 to 18 inches long and 14 to 1} inches broad. They 
diminish in size but little till near the apex, where the pinnz are 10 to 12 inches long 

and | to 1} inches wide. The spines and spike pinnee are set at divergent and defen- 

1 In Burckhardt’s vocabulary of the “Nouba” language, “kulma”’ is the transliteration for “big,’’ and 

the name may be descriptive of the size of this variety. (Burckhardt, J.L. Travelsin Nubia, Ed. 2, p. 

145. London, 1822.) 

2 Only two offshoots were secured of this variety. One, from the tree in the Mudirieh Garden at Merowe, 

from which the description was made, was the gift of Col. H. W. Jackson, governor of Dongola Province, 

The other was the gift of Omda Mohammed Ahmed Ibrihim. 
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sive angles, about which the pinne fall into four rather regular ranks, with the valley 
of the blade broad. In the apical portion, the pinnze fall mostly into two ranks, lying 
nearly parallel at an axial divergence of about 45°. 

The fruits are 24 inches long, 1% inches broad a little above the middle, and taper 

to a narrower base and an obtuse apex (fig. 7). Their color is yellow, ripening to a 
dull ‘“‘bay” (R. II), with the basal portion ‘“‘honey yellow” or ‘‘Isabella color” 
(R. XXX). The rather soft flesh is a dull amber color, the inner portion satiny white 
with a large amount of tough fibrous “‘rag.’’ The flavor is so rich as to be rather cloy- 
ing, though of a quality which would be attractive to many people. The rather 

broad oval seed is about 1 inch long, corrugated, the germ pore placed somewhat 

apically, the ventral furrow being narrow and shallow. 
From its large size, fine appearance, and rich flavor this little-known date is worthy 

of a careful trial, though before it could be ranked as a first-class variety cultural 
conditions would have to be developed which would eliminate the large amount of 
tough fiber. 

SAIDY. 

(Saidi, Wahi.) 

Trees with heavy trunks and stiffly spreading leaves 10 to 14 feet long (PI. IV, fig. 1), 
the heavy ribs with very broad bases.! There is a space of clear petiole of 12 to 15 
inches below the first spines. The rib is strongly rounded dorsally and tapers but 
slowly, its outcurve being stiff rather than graceful. 

The spine area is from 24 to 34 feet, the spines of medium weight or quite heavy, 

placed singly and rather scattered, from 2 inches long below to 7 or 8 inches in the upper 

area, and passing into a stiff ribbon pinne or spike pinnze 20 to 24 inches long and 
one-half to three-fourths of an inch wide. The normal pinnee following these at 4 to 
5 feet are 20 to 24 inches long and 14 to 13 inches wide, but dropping steadily in length 
to 12 to 14 inches near the apex. Their greatest width of 14 to 1? inches is reached at 
about three-fourths of the blade length from the base. The pulvini are unusually 
heavy, deeply cream colored, or slightly brownish in exposed places. The pinnz 
are rather coarse and harsh, 0.018 to 0.019 of an inch or sometimes 0.025 of an inch 

thick and conspicuously bluish green with a heavy waxy bloom. This bluish-green 
color is very noticeable when the leaves are seen in a mass. 

The 4-ranked arrangement of the pinne is conspicuous, and the narrow axial angles 

and strong angles with the blade plane formed by the lower antrorse pinnz give the 
leaf a bristling and formidable appearance. The valley is close and narrow nearly 

to the apex of the blade. The pinne groups are of the normal types till quite near the 
apex, and the paired groups of the antrorse-retrorse type are largely in the majority. 

The orange-yellow fruit stalks are strikingly long, of medium weight, or rather heavy 

in some cases. 
The fruit ? is 14 to 18 inches long, seven-eighths of an inch to 1 inch broad, blocky, 

with broad square base rounding to a broad obtuse apex (Pl. XIII). The skin is 
rather coarsely wrinkled both longitudinally and transversely and partially loosened 
from the flesh. The darker portions of the flesh have a translucent appearance and 

are nearest to “liver brown’’ (R. XIV) in color, with a delicate lavender bloom. 
A basal zone of about one-fourth the length of the fruit is a “tawny olive” (R. 

X XIX) and is opaque in appearance. The flesh is three-sixteenths of an inch thick, 
firm, slightly granular, somewhat sticky; an outer zone of one-third of the thickness 

is of the exterior color, while the nearly transparent inner portion is close to “olive 
ocher,”’ (R. XXX) with a little more suggestion of green. 
The flavor is heavily sweet, rich, and a little cloying, but of the quality usually 

sought after by date purchasers in this country. After being packed seven months 

1 Notes made near the Temple of Nadurah, Khargeh Oasis, October 8, 1913. 

2 Described from fruit packed in cartons at Sheik Abu Bakr’s, Rashida, Dakhleh Oasis, Oct. 18, 1913. 
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the quality is in no way impaired, and where not reached by weevils these dates 
would sell as well as at Thanksgiving time. No variety has been tried that stood 

the test better (Pl. XIV). 

The seeds are five-sixteenths of an inch to 1 inch in length, three-eighths of an 
inch broad, smoothly rounded, the germ pore nearly central, the ventral furrow 
narrow and shallow, the color close to “tawny olive’’ (R. X XIX). 

The fruits, packed in paper boxes and rather dry, averaged 35 to 40 to the pound. 

The percentage of seed weight to the total weight of fruit is 11.6, a ratio too high to 
mark this date as of absolutely first quality, yet with its other good qualities a great 

deal can be allowed in this respect. 

These fruits ripen in the heat of the Libyan oases in October. Whether they will 
find sufficient heat for their perfection in any portion of the United States outside of 

the Salton Basin is perhaps doubtful. Temperature records of only one of these oases 
have been kept. A record of seven years at Dakhleh (Table 1), shows a mean annual 

temperature of 74° F., which is slightly higher than that of Palm Springs, Cal.; and 
for the growing months of February to October, inclusive, a mean of 78.40° F. The 

summation of heat units is about the same as that of Tuggurt (Tougourt) in Algeria 

(table on p. 8), which suggests about the same temperature requirements as for the 
Deglet Noor. This indicates that this variety may be expected to reach maturity 

in the United States only in the heat conditions afforded by the Salton Basin of 
California or in the hot lower portion of the Colorado Valley from Needles to the 
Mexican line. 

This variety, as seen by the writer, is the great export date of Khargeh and Dakhleh 
oases, and Sheik Abu Bakr, of Dakhleh, is authority for the statement that it is the 

chief date of the entire chain of oases of the Libyan Desert, from Siwah at the north- 

west, which lies about 400 miles southwest of Cairo, through Baharieh, Farafreh, and 

Dakhleh to Khargeh, the most southeasterly, lying 120 miles due west of Luxor.! 
They have together an extreme north to south range of about 300 miles through a 

practically rainless region of dry air and intense desert heat. Siwah is said to be 
78 feet below sea level. The other oases of the chain le at elevations ranging from 
near sea level to three or four hundred feet above. Only Khargeh has railway con- 
nection with the Nile Valley; from the other oases the dates reach the Nile Valley 
by camel caravans commanded by Bedouin traders who buy the entire export crop 
of the desert people at their gardens. 
The common occurrence of this date as the leading variety of the widely detached 

oases, while it is unknown in the Nile Valley,? suggests that they have had it in 
possession a long time, perhaps dating back to a period when allegiance to the Egyp- 
tian Government was not acknowledged and when communication was much more 

free and regular by the desert trails between the oases than that between the oases 
and the Nile Valley. 

In the enumeration of the taxed date palms of Upper Egypt for 1907 the oasis of 

Baharieh is credited with 98,996, Dakhleh with 106,344, and Kargeh with 65,521, or 

a total of nearly 271,000 trees. Stwah and Farafreh are not reported. 
From observations in Kargeh and Dakhleh and from the crop seen coming in from 

Baharieh, the writer is satisfied that considerably more than half of the trees in these 

three oases are of the Saidy variety, so that a low estimate would give 150,000 or 

200,000 of these without including Siwah Oasis, where it is known to be the chief tree. 

! Siwah is approximately 25° 30’ east of Greenwich and in 29° norvh latitude. Baharieh is crossed by the 

meridian of 29° and lies just north of 28° latitude. Varafreh lies close to the intersection of the meridian of 

28° and the parallel of 27°. Dakhleh lies about equally on either side of the meridian of 29° and at about 

25° 20’ north latitude. Khargeh lies with its greatest extent north and south about 30° 40’ east and from 

24° 30’ to 26° north lJatitide (PI. I), 

2 Unless the Siwah of Gizeh Province proves to be identical, 
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A very interesting bit of exploration history attaches to the procuring of this variety. 
Mr. David Fairchild, in an agricultural exploration of Egypt in 1901, purchased in 

Fayum a quantity of dates which he regarded as the finest he had seen in Egypt and 
which he was told were “ Wahi”’ from the village of Siwah in the oasis of Baharieh. 

Though it was known to Mr. Fairchild that the term “ Wahi’’ had reference to the 
oasis, it was supposed for many years that this was the varietal name of the date, and 

three different men had been dispatched with commissions from the Office of Foreign 

Seed and Plant Introduction to procure offshoots of this desirable variety. During 
the writer’s trip to Dakhleh Oasis he learned from Sheik Abu Bakr that Saidy, the 
export date of the Libyan oases, is sold by the Bedouin traders when they reach the 

Nile Valley as “Wahi,” the date from “el Wah,”’ or the oasis. Samples of the fruit. 
purchased in the markets of Wasta, in Fayum, and directly from the tradeis unde: 

the name of “ Wahi,” proved perfectly identical with samples of Saidy brought from 

Dakhleh and Khargeh, establishing beyond question the Saidy as the long sought 
“Wahi.’’ Though 108 Saidy offshoots were purchased in Khargeh on this trip, the 
first introduction of Saidy offshoots dates from the purchase through Mr. H. A. Rankin, 
S. P. I. No. 11485, in 1904, said to be “from Fayum.”’ As this variety is not known in 

the Fayum country, it is probable that Mr. Rankin secured the offshoots through 
Bedouin traders from the oasis of Baharieh, between which points there is constant 
traffic. 

Another interesting phase of the whole discussion is the very close resemblance, 

if not the absolute identity, of the Saidy with the Siwah grown in the upper sections 
of Gizeh Province. 

SAMANY, SAMIANI, OR RASHEDI. 

(Trees noted in the Gizeh Garden; fruit in Cairo markets from Edku.) 

The Samany date is one of the most striking and characteristic varieties of Lower 
Egypt, and, by the natives, it is counted one of the best. 

The trees are very heavy bodied, not as tall as Zagloul, and have longer leaves 

than any variety the writer has ever measured—164 feet being the length of one 
specimen, seemingly not above the average. The ribs are very heavy and strongly 

rounded at the base, sometimes 12 to 14 inches broad at the attachment with the 

trunk, and taper to the apex so as to give a heavy but graceful curve to these immense 

leaves, which are rather wide apart, forming an open crown. There are 12 to 16 inches of 
clear petiole below the spines. The long, slender, acute spines occupy about 3 feet of 

the rib; the long, rather soft pinne are arranged quite evenly, giving a broad, nearly 
smooth open blade with the breadth carried well out to the soft, flexible tip. In the 
group arrangement of the pinne the antrorse class disappear at about the middle of the 
blade, leaving the outer portion largely dominated by the introrse pinnz, which 
form angles of 40° to 58° with the axis. Asa variety to afford an imposing ornamental 
tree, in addition to producing a desirable fruit, nothing finer than this can be selected 
from the Egyptian list. 

In fruit this variety is easily the most striking and peculiar of all the delta varieties. 
The heavy compact bunches are borne unevenly on coarse, strong strands, or ‘‘ sham- 

rokh.’’ The fruits are about 2 to 24 inches long, 14 inches broad, rather oblique, and 

inclined to be oblong for about two-thirds of the length, when the diameter is reduced 
so abruptly as to form a sort of shoulder on the outer side, and it narrows to an obtuse, 
unsymmetrical apex (fig. 8). 

The ground color of the fruit is close to ‘“‘orange-buff”’ (R. III) or ‘‘Capucine orange” 

(R. IIT), shaded, mottled, and streaked longitudinally with a color for which ‘‘pome- 
granate purple” (R. XII) is the nearest definition, yet hardly satisfactory. This 

describes the hard, half-ripe, or ‘‘rutab,”’ state in which this date is always marketed. 
The flesh is then firm to brittleness, white, fine grained, juicy, mildly sweet, with 

scarcely a trace of astringency or tannic-acid flavor. In this stage it is greatly relished 
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SAMPLES OF PACKED SAIDY DATES FROM THE DAKHLEH OASIS. (NATURAL SIZE.) 
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SAMPLE BOX OF SAIDY DATES FROM THE DAKHLEH OASIS, AS PACKED BY THE 

CORPORATION OF WESTERN EGYPT. 
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SAMPLES OF SULTANY DATES FROM THE DAKHLEH OASIS. (NATURAL SIZE.) 
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SAMPLES OF TAMR DATES FROM THE KHARGEH OASis. (NATURAL SIZE.) 
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by the Egyptian people, apparently in much the same way as they like a stalk of sugar 
cane. In a ripe state this date is a disappointment, both as to appearance and as to 

_ quality. 

It ripens to an unattractive, nondescript color, as near ‘‘purple-drab” as to anything, 

and mottled with ‘‘dark purple-drab” (both R. XLV). The very thin skin wrinkles 

slightly, slipping with some difficulty from the flesh, from which it is parted by a 
thin layer of sirupy sap. 
The color of the flesh is a pale “‘honey yellow” (R. XXX), nearly white at the 

center, and with some ‘‘rag” surrounding the seed. _ The flavor is insipid, and it ranks 

very low in keeping quality, not containing sugar enough to prevent quick souring. 

The seed is coarse and rough, in the partially ripe fruit completely filling the cavity. 
Tis germ pore is placed slightly nearest the base, and the furrow is broad and shallow. 

This variety is a good deal planted in private grounds about Alexandria and Ramleh, 
but the only regions of its culture on a 

commercial scale are about Edku and 
Rashid, the native name for Rosetta. 

While some of these plantations are 
within reach of irrigation water, more 
frequently they are grown in dune slopes 
of pure sand, where the roots readily 
reach a brackish ground water (PI. II, 
fig. 2). The cool, humid climate of the 
coastal region seems especially favorable 
to this succulent variety, which is one 
of the latest to mature. 

In some of the Cairo fruit stores glaced = 
dates were on sale in fancy cartons, pre- 
pared by a Greek firm in Alexandria, 

_ which, from the peculiar form of the fruit, 
could have been no otherthan thisvariety, Fic. 8.—Outlines of the Samany date in “rutab” 

The offshoots of the Samany command (fresh) condition, on the Cairo market, N ovem- 

the high ene prices of any Sete ty a Egypt ber 16, 1913; shipped from Edku, on the Mediter- 

5 ranean coast. (Natural size.) 
for the reason that they are in great de- 

mand for planting in the gardens of new country and suburban places whick are being 

built up around Alexandria. But few of this variety have been planted around 
Cairo. The only ones observed are in the Gizeh Garden, next to the Zoological 
Gardens and formerly a part of the palace grounds of Ismail Pasha, where they are 

planted along avenues with Zagloul, Bint Aischa, and several other varieties. 

SIWAH (SIWI). 

(Notes made near Hauamdiyeh, November 5 and 17, 1913.) 

Trees of the Siwah date have large heavy trunks with coarse scales from the leaf 

bases and heavy, stiffly spreading tops. The leaves are 14 to 15} feet long, with very 

heavy bases, strongly rounded lower rib, which tapers gradually but still remains stiff 
and heavy at the apex. The spine area is from 2} to 4 feet, the spines very strong and 

heavy, bluntly acute, from 2 to 8 or 9 itches long. The stiff, coarse pinne following 
these are 24 to 29 inches long and 1 to 1} inches broad. They diminish regularly in 

length toward the apex and increase in breadth up to 10 or even 11 feet from the base, 
being usually 17 to 20 inches long and 1 to 2 inches broad at 8 to 10 feet from the base 

and 11 to 14 inches long and 1} to 1} inches broad at the apex. Many of the upper 

pinne have the proximal fold broadened into a wing and are decurrent. The pulvini 
on the spines are unusually heavy and dark cream colored, being somewhat lighter 

on the less exposed pinnze. For the first 6 feet of the blade the pinni comprise only 
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the antrorse and retrorse classes in the paired antrorse-retrorse groups, above which 
the introrse pinnz appear, and also the triple (antrorse-introrse-retrorse) groups 

with a few quadruple (antrorse-introrse-introrse-retrorse) groups. In the outer 2 feet 

of the blade the introrse class predominates, or all classes become merged. The 

4-ranked arrangement of the pinne in the blade is strongly maintained, but is espe- 

cially pronounced in the lower portion, where the bristling ranks of the antrorse pinnee 

vary strongly from those of the retrorse and give to the leaf a strong attitude of defense. 

The remarkably long and heavy orange-colored fruitstalks of this variety are almost 

identifying in their character. They may be 24 inches in diameter and 50 to 60 

inches long to the fruiting head, or portion bearing the strands, or ‘‘shamrokh.’’ The 

fruiting head is 16 to 24 inches long, bearing strands 24 to 40 inches long upon only 

the outer 12 to 18 inches of which the fruit is borne, the basal portion being straight 
and irregularly four sided. 

The fruit is 12 to 14 inches long, 1 inch broad, oblong or slightly broadest a little 

beyond the middle, with a rather square blocky base and obtusely rounded apex. 

The color of the fruit on the tree is a brilliant yellow, not far from ‘‘wax yellow” 

(R. XVI) or “light cadmium” (R. IV). The fruits are picked before they are fully 

ripe and are dried in the sun on a hard earthen floor, or the floor may be spread with a 

thin layer of date leaves. The first quality of fruit ripens to a color near “hazel”. 

(R. XIV) or ‘‘tawny” (R. XV), but it is semitransparent except the basal portion, 

which is often opaque and of a “‘honey yellow” or ‘‘chamois” color (R. XXX). 

Fruits of a very good quality may be considerably darker, close to ‘“‘bay” or ‘‘chest- 

nut” (R. II), but either class held against the light will show the seed through the 

flesh quite plainly. The skin is very thin and transparent, and the outer portion of 

the flesh is of the same shades given for the outside appearance, while the inner flesh 

is considerably lighter. In good ‘‘agwa” that has been packed several months the 

outside of the fruit is shiny, as though dipped in a sugar sirup, and is a little sticky. 

The flesh is less sticky than the outside and a good deal granular. The flavor is a 

rich sugary sweet, with a suggestion of caramel, and very agreeable. 

The seeds, large for the size of the fruit, are about three-fourths of an inch to 1 inch 

long, three-eighths of an inch broad, roundish in cross section, and may be called oblong 

oval in form, a little broader in the middle and with broadly rounded ends. The germ 

pore is about central, the ventral surface a little corrugated, the furrow narrow and 

shallow. The color is close to ‘‘wood brown” (R. XL). 

When sufficiently cured the dates are packed solidly into strong, deep, circular 
baskets made from the braid of date-leaf pinnze sewed spirally, and a cover of the same 

material is stitched closely on. The whole mass thus inclosed becomes sealed with the 

exuding sirup of the sticky dates and is practically air-tight. If cleanly and sanitary 

methods could be followed, there is no doubt that this method of packing is an excel- 
lent one, and there is reason to believe that a curing process goes on in the mass which 
gives a flavor and texture of flesh not secured when the individual dates are packed in 

their natural shape in paper cartons without compressing and so exposed to the air. 
The rather large seed is all that prevents this date from being classed as a strictly 

first-class variety, judged by its actual merits asa date. That the product that goes 
on the market is not above third class needs only a view of it in the market stalls to 

prove. One has but to see the yards and the curing and packing in progress to be 
convinced that such a product is the only possible result of the antiquated and filthy, 
not to mention insanitary, methods employed. Dried on the bare, dust-covered 
ground or on a floor thinly spread with date leaves, covered with flies, swept with the 

dust of passing traffic, finally tramped with the naked feet into the huge date-leat 
sacks, the writer was not surprised to learn that the wholesale price realized for 
these dates by the grower is only about 4 or 5 milliémes to the rotl, the equivalent 

of 2 or 24 cents per pound. 
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In December the retail price of fhe Siwah in the native markets of Cairo was 1 
piaster per rotl, while at the same time in the best fruit and provision stores, patron- 
ized by European customers, there was an active trade in the Algerian Deglet Noor, 
in fancy packages labeled ‘‘Dattes Muscades,”’ at prices the equivalent of 5 piasters 
per rotl. From samples of Siwah dates obtained from private sources, carefully 
selected and packed for home use, the writer is convinced that the first quality of 
dates, packed in a modern and attractive way, would be competitors with the Alge- 
rian dates on at least an equal footing and would be the choice of many people of 
refined taste. Of course, not all of the Siwah crop could be converted into a first- 
class pack under the best of conditions, but a sufficiently large proportion, with 
proper methods, could be brought up to the first quality to make the difference in 
price between 1 piaster and 5 piasters per rotl run into a good many thousand pounds 

sterling for a year’s output. What the French in Algeria and Tunis have done to 
improve the date output of those countries, what is recently being done with the 
dates of the Persian Gulf region, ought not to be beyond accomplishment for Egypt 
with such dates as the Siwah and the Saidy for a foundation. 

A question of nomenclature comes in here which is rather typical of the whole 
date situation in Egypt, and arises from the habit of the people of giving to a date 

the name of the locality from which it is brought, as ‘‘Wahi” for any date from the 
oases, ‘“Yemeny” for dates from the Yemen district of Arabia, etc. 

In the shipment of date offshoots received by Mr. Fairchild in 1901, through Mr. 
Em. ©. Zervudachi, of Alexandria, one lot, given the 8. P. I. No. 7632, was labeled 

“‘Oga de Bedrichen”’ and in some of the lists this name became transformed into 
““Oea de Bedreschen.’’ Two trees under the above number and one received with- 
out a label were recognized by the writer as identical, and careful notes were made 
of the leaf and fruit characters, all of which were strongly marked and characteristic. 

As no such name occurred in any of the published lists of Egyptian dates, there 

was naturally considerable interest in the true identity of so conspicuous a variety. 
Consequently, on arriving in Egypt one of the writer’s earliest excursions from Cairo 
was to the native village of Bedrashen (variant spellings, ‘‘Badrashen”’ and ‘‘Badre- 
shein”’), a prominent date growing and shipping point on the west bank of the Nile, 

about 10 miles above Cairo. It is the stopping point for excursionists to the historic 

site of ancient Memphis and Sakkara, and perhaps no spot in the Nile Valiey has 
witnessed more of the glory of ancient Egypt than this. At the present time there 

are no more magnificent date groves to be found in Egypt than those that surround 

this town, Hauamdiyeh, and a number of other villages between Bedrashen and 
Gizeh. The soil is a rich sandy loam, capable of producing heavy crops of general 
produce, and maize is frequently grown beneath the date trees (PI. III, fig. 2). Going 
out among the date growers and inquiring for a variety named Oga de Bedrashen, 

brought the unvarying response that they knew of no such variety. They had only 

Siwah and Amhat, a few Hamrawi, and some “‘balady,”’ their name for dates of local 

origin, or seedlings. On looking over their gardens the young trees of the Siwah had 

a familiar appearance, and a later visit gave time for the study of the leaf and fruiting 

characters in detail. Only one conclusion could be reached—the variety we had 
received under the name of ‘‘Oga de Bedrichen”’ is no other than the Siwah, the 
leading variety of the Bedrashen and Hauamdiyeh district and the chief packing 
date of Upper Egypt. The mudirieh of Gizeh has 435,000 taxed date trees, and at 
a rough estimate 100,000 of them are of the Siwah variety. With the exception of a 
few trees that are being planted in Fayum, there seems to be little known of this 
variety outside of Gizeh Province, and within that it is chiefly confined to the section 

south of Gizeh station and to a district on the west side of the valley and north of the 

pyramids. Of its origin or the date of its introduction into this district, nothing 

could be learned. The name at once suggested an introduction from the oasis of that 
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name. But unlike Dongola Province, where they preserve a distinct tradition of 

having obtained their date varieties from the Sukkot country, these people have no 

record of the introduction of the Siwah into their country, and they insist that it 
originated there. 

The situation is further complicated by the fact that there is an exceedingly close 

resemblance between the Siwah and the Saidy, the great export date common to the 
entire chain of oases of Western Egypt, from Siwah at the northwest, to Baharieh, 

Farafreh, Dakhleh, and around to Khargeh. A most careful comparison of all the 

characters of trunk, leaf, and fruiting stalk fails to show points of constant difference 

between these varieties, unless it is in the thickness of the fruiting stalk, which, on 

the whole, seems to be lighter in weight in the Saidy than in the Siwah. How grow- 
ing in the same soil conditions would affect them in this respect can only be deter- 

mined by trial. The fruits are so closely related in character that the oasis Saidy 

variety, as packed and brought to the Nile Valley, shows no constant differences 
that will distinguish them from the Siwah of Bedrashen, though individual lots may 
vary considerably. The question again arises of how the varieties would behave if 
grown side by side, in identical soil conditions. The rich soil of Bedrashen and 
Hauamdiyeh might produce somewhat different results in a variety than would be 
produced in the rather poor, sandy soils of Khargeh and Dakhleh Oases, in which 
the writer studied the Saidy. Trees of ‘‘Saydy,’’ S. P. I. No. 11485, fruited in 1912 

in a very sandy soil at the Mecca Date Garden in California, and were considered by 
Mr. Bruce Drummond, in charge of the Indio and Mecca Date Gardens, to be identical 
with the ‘‘Oga de Bedrichen” (Siwah) of Tempe. The writer at first concurred in 
this opinion, but with a more detailed examination of the Mecca plants concluded 
that they were distinct. After seeing both varieties, as grown in Egypt, to still regard 
them as distinct, with so many points of identity, can only be accounted for in one 
way. The Siwah, from its narrow dissemination, is possibly the younger variety 
and a seedling springing from the Saidy, the fruit of which has found its market in 

the valley for many years. Analogy for an even closer resemblance of a seedling to 
its parent is found in Mr. James Reed’s ‘‘ Pioneer” seedling of the Deglet Noor, pro- 

duced at Thermal, Cal. 

There is another point that makes it of importance that the Saidy and the Siwah 
should be tested in identical situations. The ripening of the two varieties is about 
simultaneous, in spite of the remoteness of the localities and marked difference in 
the temperature. At Dakhleh the mean temperature for the nine months of the 

growing period, from flowering to date harvest, February to October, inclusive, is 

78.40 °F. That of Heluan, the nearest record point to the Siwah date field, for the 
same period is 72.54° F., or 5.86 degrees lower. As shown in Table I, the summation 

of heat units from May to October, inclusive, is 1.079 higher at Dakhleh than at 
Heluan. These figures, showing so many more available heat units for the Saidy 

than for the Siwah, would lead us to expect it to ripen earlier, provided the varieties 
are identical, and they offer the strongest argument presented in support of a varie- 

tal difference between the two. 
The maximum yield of Siwah at Bedrashen is given as 100 kantars of 320 pounds 

to the feddan, practically 1 acre, or often only 60 or 70 kantars. The maximum yield 
would then be 32,000 pounds to the feddan, which, allowing 100 trees to the feddan, 

would give a yield of 320 pounds to the tree. At 80 piasters per kantar the money 

return would be £80, or $400. Placing the yield at 60 kantars, the more probable 
average, the crop would be 19,200 pounds, or 192 pounds to the tree. At the minimum 
price of 60 piasters per kantar the return would be £36 to the feddan, or $180 per 

acre; 70 kantars, a medium yield reported, would equal 22,400 pounds, or 224 pounds 

to the tree, a not unreasonable yield. This, at 80 piasters, would give £56, or $280 

to the feddan or acre. This, it should be remembered, is on land valued at the rate 
of £100 to £200 per feddan. 
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SULTANY. 

(Known only in limited numbers in the Dakhleh Oasis.) 

Trees of the Sultany variety are tall with moderately heavy trunks, the ribs being 

of medium breadth at the base and tapering rather slightly toward the apex. The 

spine area is about 28 per cent of the blade length, the spines slender and acute, 2 or 3 
to 5 or 6 inches long, passing to ribbon pinnee of three-fourths of an inch broad and 17 

to 18 inches long at 4 feet. The greatest length of normal pinne, about 22 inches, 
follow these, but the length of 16 io 20 inches is maintained nearly to the apex, where 
they drop to a length of only 12 to 16 inches. The greatest breadth of 14 inches is 
reached by a portion of the pinne at 7 to 10 feet from the base. 

These leaves have several remarkable characters, the high number of antrorse pinne, 

more than half of the entire number, being the most striking feature. These are set 
at very narrow angles of axial divergence and diverge strongly from the plane, giving 
a narrow valley bordered by strongly antrorse pinne that are well placed for defense: 
The unusually small number of introrse pinne stand at angles of 45° to 69°. The 
retrorse pinne form axial angles varying from 30° to 45°, but lie in the blade plane or 
at slightly dorsal angles. The thickness of the pinne varies from 0.018 to 0.021 of an 
inch. The general color is bluish green, with a heavy waxy coating. The pulvini 

are large, with some tendency to being caudate, with a few groups coalescent. The 
fruit stalks are moderately long, the strands (shamrokh) are long, and both are bright 

orange. 

The unripened fruit isa waxy yellow. The mature fruit is oblong, 1% to 2 inches 
long, seven-eighths of an inch broad by three-fourths of an inch deep, showing a dis- 
tinct dorso-ventral flattening, with sides marginate toward the apex. The meeting 
oi the marginal ridge by aslight or decided curve at the abruptly apiculate apex gives 
an obtuse wedge form, which is a character of this variety. The greater flattening of 

the ventral face and the curve of the marginal ridge in that direction are sufficiently 
pronounced to enable one to determine by inspection the dorsal and ventral surfaces 
of the fruit, as is proved by sectioning and disclosing the seed (Pl. XV). 
The surface of this fruit has many small longitudinal furrows united by finer trans- ~ 

verse reticulations. 

The darker apical portions are colored ‘“‘bay” or “‘chestnut” (R. IL) with lighter 
portions from “‘honey yellow” to ‘‘cream buff” (R. XXX). There is a thin ‘‘laven- 

der” (R. XXXVI) bloom over all. 

The firm, nearly dry flesh is from one-eighth to three- eieonthis of an inch, thick. 

The outer, more sirupy parts are colored like the darker portions exteriorly, the inner 

layer a ‘‘cartridge buff” (R. XXX). The seeds, about 14+ inches long and three- 

eighths of an inch broad, are a good deal corrugated. They taper slightly toward the 
base and have a broadly rounded apex. The germ pore is about three-fifths of the seed 

length from the base, the ventral furrow being broad and shallow. 

Beneath the rather closely adhering membranaceous coating the seeds are ‘‘fawn 

color’? (R. XL). 
In the atmospheric conditions of Washington these fruits run 40 or 42 to the pound} 

weighed six months after harvest. The seeds constitute about 13 per cent of the gross 
weight, a ratio which must be expected to run higher in dry dates than in the moist 
varieties. 

This variety is believed by Mr. Brown, Horticulturist of the Egyptian Ministry of 
Agriculture, to be the true Sultany, ehoigh there are one or two other varieties in. the 

Nile Valley which are called by that name. This is only known to occur in Dakhleh 
Oasis and only eight trees of it are definitely known. Of these, all but one have passed 
the offshoot-bearing stage. The eighth tree proved to be a ‘‘thirsty”’ one, located on 
a ditch from a failing well. This had two or three grown ‘“‘daughters,”’ 

which were two small offshoots of a size to move and several which were too small 

on, one of 
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to disturb. A contract was made for the regular watering of this tree by hand and a 
price agreed upon for the offshoots as they become large enough to remove. Owners 

of trees of this variety keep their fruits to set before guests or to send as presents. 

It could not be learned that they had ever been grown in commercial quantities. 
The fruit of this variety will take first rank in the dry-date class. 

TAMR. 

A third-rate date found in considerable numbers in Khargeh and Dakhleh Oases. 

Its chief interest lies in the fact that it bears some resemblance to the Saidy and that 
it is mixed with the inferior grades of the latter variety and sold to the Bedouin traders 

at low prices for consumption by the poorer people. While hardly to be classed as a 
dry date, it may pass as semidry. 

The fruits are about 12 inches in length and three-fourths to seven-eighths of an 

inch in diameter, with square blocky base, oblong form, and broad, abruptly rounded 

apex. They are sparsely and rather coarsely wrinkled and reticulate, but with more 
of smooth surface than is usual (Pl. XVI). 4 

Tn color the brighter parts are “‘mahogany red” or ‘‘chestnut” (R. II) or more often 

near to ‘‘russet” (R. XV), with lighter basal portions ‘‘tawny olive” (R. X XTX) or 

clay color. The rather dry flesh is sweet, without richness or characteristic flavor. 
The seeds might aptly be called moccasin shaped. They are flattened, about seven- 
eighths of an inch long, three-eighths or seven-sixteenths of an inch broad at one-third 

the length from the broadly rounded apex, and taper from this point to a rather broad 

base. The ventral furrow is broad, rather shallow, and corrugated, the germ pore 
being nearly central. Inside the closely adhering membranaceous coating the seeds 
are colored a dark “‘wood brown” (R. XL). 

ZAGLOUL.! 

(Notes from Gizeh Garden, Cairo, Nov. 12, 1913.) 

Except for a few trees in the older palace gardens around Cairo, including those 

from which these notes were taken, the culture of the Zagloul variety is confined to 
the cool regions of the Mediterranean coast, the greatest number of trees being found 

around Rosetta and Edku, but the fruit is produced in considerable quantities around 
Ramleh and Alexandria. 

The trees are very tall, but more slender than those of Samany, and the crowns 
are not as-spreading. The leaves are 11 to 12 feet long, the rib rather light, small, 
and inclined to be flattened at the base, but tapering rather slowly toward the apex, 
so that its curving is stiff, rather than graceful. 

The spine area is very short, only 15 to 18 inches, the spines 1} to 6 inches long, 
slender, weak and acute, usually placed singly. 

The pinnz in the lower part of the blade range from 18 to 26 inches in length, 22 to 

25 inches long through the middle of the blade, and diminish to 12 or 15 inches at 
the apex. They are rather narrow, not more than an inch broad in the lower portion 
of the blade, and not exceeding 14 inches in the middle portion; smooth, rather soft, 

and seldom acute. 
The paired groups are greatly in the majority, and quadruple groups are infrequent. 

The pulvini are inconspicuous and none are caudate or coalescent. The fruitstalks 
are short, heavy, erect or but little outcurved, the strands (shamrokh) being of medium 

length, rather coarse. 

The fruits are 22 to 23 inches long and 14 inches broad, usually oblique and unsym- 

metrical, the broadest portion about three-fifths of the distance from the base, from 

1 This is the name of an Egyptian family. It is stated that one Zagloul was the ruler of the Rashid 

country many years ago and that this date was named for him. 
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which it rounds unequally to an obtuse apex (fig. 9). The brilliant and striking color 

of this fruit is rather elusive when one tries to place it. In some specimens a deep 
“pomegranate purple” (R. XII) is the most apt description, while others are better 

described as ‘‘carmine,’’ deepening to ‘‘ox-blood red” (R. I). Either on the trees or 

in the market stalls this date has the most attractive appearance of any Egyptian 
variety. The skin is thin, and as the fruit ripensit easily slips from the flesh. In the 

condition usually marketed the flesh, about three-eighths of an inch thick, is crisp, 

brittle, juicy, sugary sweet, with but a slight astringency. Its color is best described 
as ‘‘maize yellow” (R. IV), but with a zone on the outside of about 2 mm. thickness 

of a deeper tint. The seeds 
are large, wregular oblong, 

roughly corrugated, and usu- 
ally imperfectly filled out at 

the base, the germ pore cen- 
tral, the ven'tral furrow irreg- 
ular, but usually shallow and 
open. The darker parts of the 

seed are colored ‘‘tawny olive’’ 
(R. XXIX), shading to ‘‘olive- 
buff” (R. XL). 

The fruits of the trees in the 
Gizeh Garden were ‘‘ripe,”’ 
that is, marketable, the first 

week in November. The va- ll = eee 
riety did not appear on the 

market from the coast region 
till about November17. From 

that time until the middle of 

December there was a steady  Fyq.9.—Outlines of the Zagloul date, two variations, in “rutab” 
shipment, but they did not (fresh) condition, on the Cairo market, November, 1913; 
remain on the market as late shipped from Eaku, on the Mediterranean coast. (Natural 

size.) 
as the Samany. It is stated 

that a few of both this variety and the Samany come to the Alexandria market 
from the cooler spots up the coast nearly throughout the winter. 

Doctor Eisen’s paragraph relating to S. P. I. No. 32327, must be based on a good 

deal of misinformation, both as to locality and time of ripening. This variety does not 
occur in the Fayum at all, and the few trees in Cairo gardens cut no figure commer- 
cially. 

SUMMARY. 

Date culture in Egypt and the Sudan is of very ancient origin, 
extending far back of the Christian era. The present number of 

date trees in these countries approximates 9,000,000, with an annual 
product valued at about $1 per tree. Of these trees, not to exceed 
one-fourth are of 12 important commercial varieties, the remainder 

chiefly “‘balady,” or seedling, trees producing fruits of inferior grade 
commanding low prices. 

Date culture in tie Nile Valley extends with little interruption 
from the Mediterranean coast to Khartum, a distance of about 1,100 
miles, the longest continuous north and*south extent of date culture 
in the world. This embraces a range in mean annual temperature 
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of more than 15 degrees and, equally important, a range in the per- 
centage of mean relative humidity varying from 74 per cent at Port 
Said to only 24 per cent in Dongola Province in the Sudan. 

For convenience in study, the region has been divided into three 
zones, designated as (1) the maritime subtropical, comprising the 
Nile delta below Cairo; (2) the desert subtropical, comprising the 

Nile Valley from Cairo to Aswan and the western oases; and (3) the 
desert tropical, comprising the date-growing sections of the Nile 
Valley from Aswan to Khartum. The records of 12 Egyptian and 
Sudan weather stations have been compiled and arranged in a table, 
showing their bearing on date requirements. 

The characteristic date varieties of each zone are grouped to show 
the influence of these varying climatic conditions and the important 
facts brought out: (1) That the cool and humid maritime zone pro- 

duces few packing dates, but almost exclusively those used in the 
fresh, or “‘rutab,” state; (2) that packing dates of superior quality 
are produced in the moderately hot and dry portions of the desert 
subtropical zone; (3) that the hotter, less humid portion of the desert 
subtropical zone and the desert tropical zone produce almost ex- 
clusively the hard, dry, self-cured dates, so easy of storage and 
transportation and so important a part of the diet of the Arab people. 

~The correct names of two varieties listed in the early importations 
from Egypt as “Birket el Haggi” and ‘‘Oga de Bedrichen,” promis- 
ing in Arizona and California, were ascertained by visits to their 

original localities. 

_ The identity of the date of which Mr. David Fairchild purchased 
the fruit as ‘‘Wahi’’ in Fayum in 1901, with the Saidy, the great 
packing date of the western oases, was learned on a trip to Khargeh 
and Dakhleh. 

The Ibrimi and Sukkoti varieties of earlier published lists were 
found to be synonyms of Barakawi, the dry date of greatest com- 
mercial importance in the Sudan, probably originating in Sukkot. 

Of the 22 varieties of dates described, 14 have not been previously 
published, and of the remaining 8 the descriptions are more complete 
and are believed to be more accurate than any heretofore published. 
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IMPORTANCE. 

In the amount of lumber produced in 1913 cypress ranked sixth 
of the conifers or softwoods. On account of the durability of the 
heartwood and its moderate softness, which makes it easily worked, 
cypress is a wood of high intrinsic value. Cypress trees not un- 
commonly reach an age of over a thousand years, a height of from 
120 to 130 feet, and a diameter above the basal swell of from 8 to 
10 feet. Cypress is very persistent in growth, and is one of the few 
conifers which successfully sprouts from the stump. 

Cypress is restricted in its natural occurrence to deep, rich swamp 
lands. The problem of bringing it under forest management is there- 
fore intimately related to that of reclaiming swamp land on an ex- 
tensive scale by drainage. ‘Though preeminently a tree of the swamp, 
when planted it thrives in as wide a range of climate and soil as 

1 Southern cypress (Tazodium distichum Rich.), of the southeastern United States is known among 

botanists as “bald” cypress because in contrast to most conifers, which are evergreen, it sheds its leaves 

annually. 

96612°—Bull. 272—15-—1 
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most of our forest trees. Naturally, however, it occurs in com- 
mercially important quantities only in regions where logging is diffi- 
cult and expensive. . 

Because of its power to develop special organs or parts, cypress 
possesses unusual ability to adapt itself to conditions of soil and 
water generally considered extremely unfavorable to tree growth. 
As a result, the tree occurs in various forms differing quite widely 
in respect to leaf, bark, shape, size, and to a limited extent, in wood 
characteristics. In soft, unstable soils and locations subject to 

_ periods of high water, cypress develops peculiar knees which appear 
to serve the double function of organs for breathing and anchorage. 
Although its home is in unstable soils, the tree is seldom if ever 
thrown by wind. 

Cypress is interesting, botanically, as one of the few surving mem- 
bers of a race of trees which was prominent in geologic times. Among 
its associates were the redwoods of California. Only two other close 
relatives are known, one an evergreen cypress on the tablelands of 
Mexico and the other a tree occurring in China. 

Cypress is readily grown from seed and is well adapted to nursery 
practice. By many authorities it is considered one of the most beau- 
tiful and ornamental trees for park planting, for which it has been 
used quite widely over the eastern and central portions of the United 
States. Although cypress has not been raised in forest plantations 
on a large commercial scale, experience thus far points to the com- 
mercial success of forest planting, under certain conditions, in the 
deeper and fresher soils. 

GEOGRAPHICAL AND COMMERCIAL RANGE. 

The geographical range of cypress extends from southern New 
Jersey ' over the Atlantic coastal plain to Florida, thence south to 
the extreme southern end of the Florida peninsula,’ and westward 
through the Gulf Coast region nearly to the Mexican border in 
Texas, and up the central Mississippi Valley to southern Ilimois and 
Indiana. This range covers all of Florida, Mississippi, and Louis- 
iana, the southern half of Georgia, and Alabama, and lesser portions 
of 11 other States. Locally, cypress is confined strictly to river and 
interior swamps, wet depressions, and stream banks. 

The commercial range of cypress is much more restricted than 
the botanical range. The district of heavy commercial stands cen- 
ters in the lower Mississippi Valley and Florida, where deep swamps 
abound. The large coastal river and isolated inland swamp dis- 
tricts are regions of important commercial production. These in- 

1 Shaler, Dr. N. S., Memoirs of the Museum of Comparative Zoology, Harvard University, Vol. XVI 

No. 1, p. 11; also Witmer Stone, “‘ Plants of Southern New Jersey,’’ Report of New Jersey State Museum 

for 1910, p. 151. 

3 Harper, Roland M. 
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elude the Lumber River and the Wilmington swamps (North Caro- 
lina), Peedee, Santee, and Salkehatchie Rivers (South Carolina), 
Okefinokee Swamp and Flint River (Georgia), Suwanee and Apa- 
lachicola Rivers and parts of the Florida peninsula, and the alluvial 
flood plain of the Mississippi, at scattermg points below the St. 
Francis Basin in Missouri, but preeminently over the broad, deep 
swamp area south of Baton Rouge in Louisiana. 

The introduction of larger and more efficient logging machinery 
has advanced the logging in any specified region from the water 

LEGEND 

LIMIT OF NATURAL RANGE 
SCATTERING LOCAL PRODUCTION 
HEAVY PRODUCTION 

Fic 1.—Geographical and commercial distribution of cypress in the United States. 

fronts into the deeper and less accessible swamp areas. Thus, the 
evolution in logging methods chiefly accounts for the continued com- 
mercial importance of cypress in regions where lumbering was ac- 
tively in progress many years ago. 

PRESENT SUPPLY AND ANNUAL CUT. 

STANDING TIMBER. 

The total present stand of cypress, according to the best available 
estimates, is about 40,000,000,000 board feet, of which about 1,000,- 

000,000 feet are being cut annually. 
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The general inaccessibility of swamps and the difficulty of cruismg 
by ordinary methods have probably strengthened in the case of 
cypress the general tendency to underestimate timber. Successive 
estimates of the total stand have constantly increased, in spite of 
the heavy annual cut. In 1897 an investigation placed the amount 
of standing cypress at 33,000,000,000 feet.1 In 1909, however, the 
Bureau of Corporations estimated the amount of standing cypress 
at 40,000,000,000 feet, distributed by States as shown in Table 1. 

Taste 1.—Total estimated amount of standixzg cypress, by States.1 

Per cent 
State. Total stand. | of total 

stand. 

Board feet. 
Dowisianas eases Vas 3 ee has 28 ae) aed Lhe UR SOL ae Sears Saecte ene age 15, 700, 000, 000 38.9 
TU Cona to eee gm Gee MATa ls RU nN Erc a ao Lelie SOiganac nap tn BG aN At hor 10, 700, 000, 000 26.5 
IN Orta Gar o imei eae age eae A a ta 08 IE ee Be pepe eS eH I no 3, 000, 000, 000 7.4 
CONS ON Abe yr eG aaNet eR Oneness ete ON IO Spel eO L Searag ie Sek ast Me ERS NS as 2, 800, 000, 000 6.9 
SOUth Caro lam ares ee apie eee eee Ne ee eben ke Aves BRN ier Sue oD DSi AROS Pe 2, 600, 000, 000 6.4 
UNiB roan akcesYohge ne Oe a NOE ic OL OS RE Eg eek en ee I eee. RMR: | 2,200, 000, 000 5.5 
MESS ISG Ip pT epee ae RN 0 REA TN I a gmp OU era NPR TH SR | 1,900, 000, 000 4.7 
Missouri vais SoM pes ler aa RN a RR ie ie NG 900, 000, 000 2.2 
FUG OP Na a in hee A emiak SE RUE oe MSL Sa sea ota eer A be | 200, 000, 000 ai) 
NAIR aby Hsrssses unter teen eM REDE Ra Pe BR i eM ene ead ake | 200, 000, 000 5 
LA sa aN aI Wai eed SU aM oe CEU TESA AN OR Set pt | 200, 000, 000 of 

BR rE Ee SRR Pl tae Na ae ce NUN I SSI Bee | 40, 400, 000, 000 100.0 
| 

1 Department of Labor, Bureau of Corporations, ‘‘The Lumber Industry, Part I, Standing Timber,” 
p. 76. To these figures, which represent the stand privately owned in all States, should be added a small 
amount of State and Federal timber and private timber in Maryland, Tennessee, and Kentucky. 

Thus, Louisiana was credited with nearly 40 per cent and Florida 
with more than one-quarter of all the standing cypress. 

Stands of second growth are becoming merchantable, and may 
now be included. The Louisiana Conservation Commission in its 
report for 1914 estimates the present cypress stand of that State at 
14,130,000,000 feet. This is only 570,000,000 feet less than was 
given by the estimate of 1909 quoted above, yet Louisiana in 1912 
alone cut over 653,000,000 feet, and has been cutting at about the 
same rate annually during the five years since 1909. Owners are 
invariably cautious about giving out information regarding the 
amounts of timber in their holdings. This situation and the factor 
of annual growth being taken into account, the total stand of cypress 
in 1914 is believed to be not less than 40,000,000,000 feet. 

ANNUAL CUT. 

The total cut of cypress lumber in 1913, exclusive of lath and 
shingles, was 1,097,247,000 board feet.2, Since shingles and lath are 
made from the slabs and other kinds of ‘‘mill waste,” and poles and 
ties are usually cut from small sizes not considered in the original 

1 Mohr, Dr. Charles, Report for the Fores‘ Service, U. S. Department of Agriculture. 

2 The Bureau of Crop Estimates, in cooperation with the Forest Service, U.S. Department of Agriculture, 

based upon reports of 607 mills. Reports from mills cutting less than 50,000 feet not included. 
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estimates, the relation of cut to the total standing timber is unaffected 
by the lack of any figures for these smaller products. On the basis 
of the estimate given above, the present annual cut amounts to 
about 2.7 per cent of the standing timber. During the decade fol- 
lowing 1899 the annual cut practically doubled (92.7 per cent in- 
crease), rising from a little less than 500,000,000 feet to 955,635,000 

board feet. Table 2 shows the cut of the various States in 1913. 

TABLE 2.—Quantity of cypress lumber sawed in 1913 and in 1909. 

1913 1909 

State. Per mae Per suave 
. cent mills Ley. mills 

Quantity. | oftotal.| report-| @uantity. Cen report- 
ing. Ee ing. 

Board feet. Board feet. 
TLOS TED. US Sa a ee Se eRe Seen oe 744, 581, 000 67.9 94 | 608, 854, 000 63. 7 153 
TSUGIHIGH sh a is SS ei ee rem ae 100, 723, 000 9.2 41 84, 811, 000 8.9 85 
(STUER 2 ste ee ee ee aes 74, 818, 000 6.8 57 27, 517, 000 2.9 84 
STL GAE Gy rh hee ee eee ae 39, 895, 000 3.6 43 36, 040, 000 3.8 55 
ASWET Ti Gy 22 bee Sea eee ees ence) 35, 964, 000 3.83 98 55, 012, 000 5a7, 309 
WOES CFE EE a acta Sa Baa ae a ete 28, 814, 000 2.6 49 32, 819, 000 3.4 125 
LC DSSIS SEES T)S 2 aa Reet ere 25, 782, 000 7,33 54 41, 666, 000 4.4 209 
MGR OAT OU > Sots se «Sts Se eke ee cc ks 19, 213, 000 1.8 62 34, 506, 000 3.6 150 
TEE GU ie. Ge SAS Sa a ee eee 14, 502, 000 Le 44 8, 709, 000 0.9 73 
degl TIEGICTu gS I ae dee Aa a ere aimee 12, 955, 000 U3 65 | 25, 629, 000 PAU 261 

LMUiL SS ae ee ae ee eee 1, 097, 247, 000 100. 0 607 955, 635, 000 100. 0 1, 504 

1 Includes mills in Maryland, Virginia, Alabama, Texas, Indiana, Illinois, and Kentucky. 

For all the States the average production per mill in 1912 exceeded 
a million board feet, in Louisiana it was 5,785,000 board feet. This 
is exceeded only in the manufacture of Douglas fir, redwood, and 
southern yellow pine. In Louisiana, the average cut per mill in 1909 
was 3,900,000 feet for 153 mills; m 1912, nearly 5,800,000 feet for 

13 mills; in 1913,? 7,900,000 feet for 94 mills. In the whole region 
though the total cut reported increased about 15 per cent, the total 
number of mills reported dropped from 1,504 in 1909 to 607 in 19138, 
a reduction of about 59 per cent.? 

In 1913 for the first time the annual cut reached 1,000,000,000 
feet, over 100,000,000 more than the 1912 cut, the highest reported up 
to that time. The number of active mils reporting in 1913, however, 
was 372 less than in 1912. Increases in cut over 1912 were large on 
the Atlantic coast, in South Carolina and Georgia,’ and in the Missis- 
sippi basin in Louisiana, Mississippi, and Tennessee. In the five 
years ending in 1913, the annual cut very nearly tripled in size in 
Georgia, increased 25 per cent in Florida, and 67 per cent in Tennes- 
see. Decreases of 44 per cent in North Carolina and 53 per cent in 
Arkansas occurred in the same period. 

11,018,000 board feet, as compared with 635,400 board feet in 1909. 

2 Mills cutting less than 50,000 feet of lumber annually not included in 1913 statistics; 1909 figures from 

complete decennial census. 

4 Partly because of the opening up of the Okefinokee Swamp, 
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PHYSICAL AND MECHANICAL PROPERTIES OF THE WOOD. 

Cypress wood is strong and stiff, moderate in weight and hardness, 
and very moderately subject to shrmkage. It is usually fine-grained, 
light to dark brown in color, and durable under trying conditions of 
moisture. The wood is easily worked. 

COLOR. 

Cypress averages darker in color in the Gulf and South Atlantic 
region, and correspondingly lighter as one passes northward up the 
Mississippi and Atlantic coast. In any specified locality, however, 
wide color variations occur, although usually one color predominates. 
For example, the cypress of the deep St. Johns River swamps, 
Florida, averages an amber or light orange-brown, and is referred to 
under the trade name of “‘yellow”’ cypress. Nearby, in shallower 
isolated swamps of different soil and moisture conditions, the wood is 
decidedly darker, with a more pronounced grain when sawed. Along 
the lower Apalachicola River and in similar deep alluvial river plains, 
the prevailing orange-brown of the heartwood is occasionally varied 
to the deepest brown or chocolate color, often streaked on a lighter 
background. This wood is very handsome in its color markings and 
mottlmg. Much of the lumber from the lower Mississippi delta and 
other southern regions shows prominently the harder and darker 
reddish colored bands of the heavier summerwood in each annual 
ring, and has come to be known commercially as ‘‘red”’ cypress. The 
annual rings of cypress and a marked irregularity of growth give to 
the wood a richly grammed effect, for which it is widely sought for 
interior finish. 

The wood from both of the northern regions is spoken of in the 
market as ‘‘white cypress.” In logging, this term means that the 
wood floats high. Along the Atlantic coast “black” cypress refers to 
heavy wood which sinks, or floats very low if at all. In the Gulf 
regions ‘‘black’’ cypress refers more especially to distinctions in color 
rather than buoyancy, since in respect to weight dark wood is often 
not noticeably heavier than the lighter shades. The cause for 
variations in color can not now be completely pointed out. 

WEIGHT. 

The wood varies in weight usually from 22 to 37 pounds, averaging 
about 28 pounds per cubic foot, when thoroughly air-dried. The 
equivalent specific gravity is 0.35 to 0.60, averaging about 0.45. 
Cypress wood ranges about midway between the white and the hard 
yellow pines. It is a little lighter than eastern red cedar, but con- 
siderably heavier than redwood, western red cedar, eastern spruce, 
and eastern white cedar. Green or unseasoned cypress varies in 
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weight from about 50 pounds per cubic foot to more than 62.35 
pounds, the weight of an equal amount of water. 

In a series of tests the Forest Service‘ found that cypress wood 
taken from all parts of the individual tree was strikmgly uniform m 
weight, structure of rmgs, and strength. 

As a rule the wood of cypress growing in ponds and other swamps 
with acid soils averages much heavier than that of the typical form 
growing along fresh, active streams. The wood from six representa- 
tive trees growing in strongly acid pond soils in South Carolina 
averaged 0.50 in specific gravity ? as compared with 0.44? specific 
sravity for four typical river cypresses from the fresh water of the 
Savannah River bottom in the same region. The heaviest wood 
(specific gravity 0.55) mm 39 representative trees taken from four 
southern States was im a tree growimg very slowly in a pine-barren 
pond in South Carolina. In the Dead Lakes of western Florida, 
where an extensive cypress forest has been gradually: inundated, 
very slow growth in fresh, clear water produced soft, light-weight 
wood. In swell butts, knees, and large roots, where growth is rapid, 
the wood is very much below the average in weight. The lightest of 
this wood is used to a limited extent as a substitute for cork, especially 
for making fish-net floats and the like. One piece showed a specific 
gravity under test of 0.19, or only 10 pounds per cubic foot, which is 
considerably lighter than cork. During several months in the year 
the water in the great overflow belt along the Mississippi becomes 
increasingly stagnant and charged with humus compounds in solu- 
tion, resulting in moderately unfavorable conditions for growth. 
This region produces much of the characteristic darker colored ‘‘red”’ 
cypress of good average weight and strength. 

STRENGTH. 

In respect to strength cypress holds a position intermediate between 
that of the white and the heavy yellow pines. The close relation 
between weight and strength both in compression and cross-bending, 
as shown by tests on cypress in a green state, is set out in Table 3. 

1 Forest Service Circular 19, ‘Progress in Timber Physics: Bald Cypress,” by Filibert Roth, p. 22. 

* Ranging from 0.42 to 0.58. 

* Ranging from 0.39 to 0.48. 
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TABLE 3.—Average strength values of green cypress in compression endwise and in bending 
for pieces of different weight. 

Wood (air-dry). Bending. 
( y) Compression ending 

parallel to 
grain (crushing Fiber 

strength at stressat |Modulus of 
Specific | Weightper| maximum elastic | rupture per 
gravity. | cubic foot. load, per limit per square 

square inch). square inch. 
inch. 

Pounds. Pounds. Pounds. Pounds. 
0.58 36. 2 6, 500 6, 800 7, 800 
54 33.7 4, 800 5, 600 7, 100 
50 32 4, 700 5, 000 6, 300 
44 27.5 FUSCA | akan a noe eh el Ly eAeseat C © 
AL 25.6 3, 800 4,500 5, 800 
37 23.1 3, 200 3,800 5, 100 
.30 21.9 2, 900 3, 600 5, 000 

1 Forest Service Circular 19. Strength tests on cypress have not yet been made at the Forest Products 
Laboratory in connection with the series for commercial woods of the United States, and the figures given 
in Tables 3 and 4 can not be compared with those for other kinds of wood so far obtained in the latter series, 
since conditions of test were different. 

In the above tests the varying strength values of green cypress are 
shown to be correlated pretty closely with the varying weights and 
densities of the wood. Trees on adjacent but dissimilar sites are 
known to produce wood differmmg markedly in strength. The first 
test was with a small cypress over four centuries old, grown in a 
‘“‘pond”’ in South Carolina, which proved to be the heaviest and like- 
wise the strongest and stiffest timber tested. 

Similar tests made with air-dry wood (12 per cent moisture) from 
16 cypress trees selected from various portions of the range show, in 
Table 3, the variation in strength values and their general correlation 
with weight. 

TABLE 4.—Average strength values of air-dry (12 per cent moisture) cypress.* 

Wood (air-dry). Average strength in pounds per square inch. 

Compres- Bending. 
sion par- 
allel to 

stain Fiber 
Specifie | Weight per| (crushing | stress at | Modulus of | Modulus of 
gravity. | cubic foot. surength at Binatic rupture elasticity 

‘ignite. Toe limit per | per square | per square 
ig diate square inch, inch. 

inch). inch. 

Pounds. Pounds. Pounds. Pounds. 1,000 Ibs. 
0.58 36.2 7, 860 9, 000 8, 480 1, 74 
155 34.4 6,510 6, 920 8, 120 1, 355 
152 32.5 7, 290 8, 730 11, 350 1, 734 
51 31.9 6, 270 6, 490 7,540 1,173 
50 31.2 6, 100 6, 470 8, 160 1,173 

.49 30.6 7, 660 8, 380 9, 710 1, 786 

.48 30.0 7,170 7,770 9; 350 1, 275 
47 29.4 6, 890 7, 230 8, 880 1, 163 
46 28.8 7,740 7, 670 10, 370 1, 768 
45 28. 1 6, 070 6,550 8, 180 1, 406 
44 27.5 6, 760 7, 710: 8, 900 1, 660 
43 26.9 5, 470 5, 000 6, 240 892 
wv) 26.2 5,520 . 5,990 7, 030 1, 075 
.39 24.4 5, 200 4,900 5, 750 841 
37 23.1 477 5, 120 6, 210 996 

£35 21.9 6, 070 6, 550 6, 250 925 

1 Forest Service Circular 19. 
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DURABILITY. 

The great durability of the heartwood, probably more than any 
other property, gives cypress the place of distinction which it holds 
among the more valuable woods on the market. In contact with the 
soil or exposed freely to water or atmospheric conditions the heart- 
wood ordinarily resists for many years the agencies of decay, while 
the sapwood under the same conditions is comparatively short-lived. 
Instances of cypress shingles 1 lasting 50 to 100 years, fences in good 
condition after 40 years, old plantation buildings in the warm, humid 
Southern States in excellent preservation. after 100 to 200 years,’ and 
others of a like character are frequently reported. 

As the result of tests under way the Forest Service will be able 
later to furnish information in regard to whatever relationship may 
exist between color, oil content, and durability. The amount of oil 
or resin content in the wood varies considerably and is judged by the 
soapy feeling, which is somewhat characteristic and aids in identifying 
cypress. The name ‘‘cypressene” has been applied by some to this 
resin. 

Cypress, like most other woods, is not entirely uniform in respect 
to durability. In fence lines some posts have to be replaced sooner 
than others; in boats some planks decay while others last almost 
indefinitely. In old cuttings the flat tops of large stumps are ob- 
served to vary in soundness although of exactly the same age. The 
seasoned heartwood when exposed to the weather appears to wear 
out by the mechanical action of water and atmosphere before it gives 
way through decay. Pecky cypress, although mechanically weaker 
than sound cypress in proportion to its bulk or mass, is very durable. 
The fungus producing the pecky wood is not binsae to cause any 
further injury after the tree is cut. 

MOISTURE AND SEASONING. 

The water content of living cypress is variable, and in the lower 
part of the trunk quite large in amount. Green cypress logs are 
nearly double the weight of air-seasoned wood. In logging opera- 
tions trees are girdled in advance of felling in order to increase their 
buoyancy. (See p. 12.) The prevailing belief is that green cypress 
contains more water and dries at a slower rate than other kinds of 
“softwoods.’’ Experience has shown that cypress is a rather diffi- 
cult wood to season, both in the air and in the dry kiln, with a ten- 
dency to caseharden in the latter method. Preliminary experiments 
indicate that, in kiln drying, cypress requires a length of time more 
nearly like the hardwoods than the conifers. There is little doubt 
that cypress wood can be successfully drie dd whe mn prope rly handled. 

1 The svitkortivens siti of known variously as ‘ Tannin “shakes, » ghingles ,”’ etc. 

2 Mulberry Castle, on the Cooper River, 8. C., built in 1714. 
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At present, however, purchasers largely specify against dry-kiln and 
in favor of long-period air-seasoned lumber. 

Cypress shrinks about 8 to 10 per cent in volume,! and in this re- 
spect is intermediate between the light and heavy pines. 

USES. 

Cypress has a great variety of uses, and for many of these it is 
selected as a preferred material. The key to its usefulness is its re- 
sistance to decay and other forms of deterioration when in contact 
with moisture, and its quality of being easily worked. It is used ex- 
tensively for outside finish of buildings, such as siding, casing, sashes, 
doors and blinds, cornice, railings, stepsand porchmaterial. Asagutter 
stock, cypress outlasts many other materials and is in favor for high- 
gerade work. Standard planmg products consume large quantities 
of cypress. These include ceiling, siding, floormg, moldmg, and 
finish. On account of its freedom from taste and great durability 
it is a preferred material for tanks, vats, tubs, and wooden buckets. 

These are used for water storage, and by creameries, breweries, baker- 

ies, dye works, distilleries, and soap and starch factories. In the 
construction of greenhouses, where wood is subjected to extremes of 
heat and moisture, cypress 1s used probably more than any other 
wood. It is also a leading wood for pumps, laundry appliances, cas- 
kets, and coffins. Cypress is extensively used throughout the South 
in the construction of picket fences, which there remain the standard 
form of yard fence. In the moist, hot climate of the South, split 
cypress shingles have outlasted all other roofing materials commonly 
used, except the best grade of slate and tiles. While the ordinary 
sawed shingle is very durable, the relatively high value of cypress 
wood has resulted in cedar taking the lead as shingle material. 

More than two-thirds of the total cypress-lumber output, estimated 
in round figures at 740,000,000 board feet in 1914, is further manu- 
factured and utilized by the wood-manufacturing industries in the 
United States. The reports for 1911 show that 68 per cent (668,- 
353,342 board feet) of the amount cut in that year was so used by these 

industries.?, The balance of the lumber cut goes into general use in 
the retail market. 

Relatively small amounts of cypress go into the primary products 
other than lumber. In 1911 the electric and steam railroads pur- 
chased cypress crossties to the number of approximately 5,800,000 or 
about 4.3 per cent of the total for the year. Only 72,995 cypress 
poles were reported purchased in 1911 by all the principal classes of 

1 See Forest Service Circular 19, pp. 10-11, for earlier experiments in drying cypress wood. 

2 Taking the year 1911 as an average year for figures collected from the wood-using industries in the 

period 1910 to 1912, inclusive. 

3 Includes large numbers of ties from pecky hearts and hewed small-pole timber. Figures for 1911 are 

latest available for ties, poles, and cooperage. 
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pole consumers. Small amounts go into cross arms. A little is used 
for slack cooperage, and, experimentally, cypress has been found to 
be a substitute for white oak for wine barrels. 

Large quantities of pecky cypress, which is relatively cheap, are 
used where good appearance and water-tightness are not required. 

CYPRESS LUMBERING. 

Most of the early centers of cypress lumbering were located near 
the mouths of the larger southern rivers. This was due to the pre- 
vailing method of float logging during high water. Logging centers 
have since moved inland, to the great interior swamps and higher 
portions of the river swamps. 

in the early days large amounts of the finest cypress were annually 
cut in trespass and floated away. Standing timber was considered 
of so little value that State authorities and, to a less extent, private 
owners made little attempt to stop illegal cutting. Under the swamp- 
land act of September 28, 1850, very much of the swamp and delta 
lands early passed into the hands of the various States. Later these 
lands were sold very cheaply to railroads, timber companies, and set- 
tlers, in order to encourage the development of the country. The 
cypress industry has gradually become concentrated in a few hands. 

Methods of logging and general mill equipment are essentially simi- 
lar throughout the South. Various hardwoods, including tupelo 
gum as the latest addition, are now manufactured to a considerable 
extent by the cypress mills. Many large mills, however, are cutting 
only cypress. 

LOGGING. 

The present logging of cypress is attended by difficulties of a kind 
unknown in handling any other commercial timber. The bulk of all 
cypress is now logged by massive steam machinery moved from place 
to place on railroads built into the deepest parts of swamps over soft 
and treacherous ground. Periods of high water interfere with both 
the cutting and the moving of logs. For many years only the timber 
accessible to streams subject to flooding was taken. The soft nature 
of the soil and the great weight of the logs made it impossible to move 
the timber by the usual method—with oxen or mules. The wealth 
of cypress remained practically untouched until late in the eighties, 
although a few mills were operating earlier. The decline of the east- 
ern white-pine industry sent into the South lumbermen who solved 
the difficult problem of logging cypress. Logging progressed from the 
float method in the eighties to the pull boat in the nineties, and from 
that to overhead-cableway skidding, the method now in use. (See 
ett) 

Float logging consists of floating logs during periods of high water 

through “trails” and “float roads” previously opened in the forest. 
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The trees are girdled several months in advance of logging. The pull 
boat, as finally developed, with its stationary engine mounted on a 
float or barge, skids the cypress over the soft surface for distances up 
to 2,000 feet or more on either side of the canal or bayou. The dredge 
boat, working just in advance of the pull boat in digging canals in the 
swamp soils, gave access to the cypress where natural channels were 
lacking. The advent of railroad swamp logging with the overhead 
cableway skidder was the principal factor in opening up vast regions 
of cypress previously considered inaccessible because not sufficiently 
inundated. The light skidding engine, mounted on runners and 
pulling itself over the flat pine woods along the margin of swamps and 
known as a “snaker,”’ has been a valuable accessory, especially in the 
Atlantic coastal region. 

In the overhead-skidder method the logs are brought in by a car- 
riage or “bicycle” traveling over a powerful cable suspended between 
the “head tree” and ‘“‘tail tree,’ usually 600 feet apart (Pl. I). In 
the heavier types, such as the duplex-spar skidder, the total distance 
covered is 2,000 feet in the two opposite directions from the skidder 
engine, which rests temporarily on piles driven beside the railroad 
track. The logs are pulled up to the main cableway for distances of 
as much as 100 feet on either side. Thus a strip 2,000 feet by 200 feet 
wide, or approximately 9 acres, is covered at each “set.”’ Thesmaller 
overhead steam skidder logs at each “set” successively a dozen or 
more strips 600 feet long extending outward as radu from the engine 
at the center, covering an area of about 26 acres. 

The cost of logging is discussed on page 15 in connection with the 
total cost of lumber production. 

GIRDLING. 

Ti is the general practice to girdle or “‘belt’”’ cypress trees from 6 
months to a year in advance of logging. The result is that about 95 
per cent of the logs will float instead of 10 to 20 per cent. This 
reduction in the number of “‘sinkers” is a matter of the greatest sig- 
nificance in cheap water logging and pond storage at the mill. Large 
operators, having considerable amounts of the more valuable hard- 
woods in mixture, generally use dry log yards instead of log ponds at 
their mills. In this case the cypress is not girdled. 
Under direction of a foreman, girdling crews composed of 2 to 6 

men each girdle the trees for a price per tree, usually from 6 to 9 cents, 
determined in advance by the general size and density of the timber. 
In order to secure early drying it is necessary in girdling to cut 
through the sapwood to the heart. 
Among operators much variation prevails in respect to the season 

of the year chosen for girdling and the length of time before cutting. 
The majority prefer to girdle in the fall because the trees’ activities 
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Fic. 1.—DREDGE BOAT IN CLOSELY LOGGED Cypress. No SEED TREES LEFT AMONG 
THE MASS OF HEAVY STUMPS AND Roots. (LOUISIANA.) 

Fic. 2.—WASTEFUL LOGGING BY LEAVING VERY LARGE TOPS AND OFTEN HIGH 

Stumps. SEED TREES, HOWEVER, WERE LEFT. (GEORGIA.) 

TWO METHODS OF LOGGING CYPRESS. 
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are then at a low point and because that season is usually the driest 
in the swamps. Some choose the period following the spring high- 

_ water stage. An important influencing factor is the danger of attack 
by the pinhole borer or ambrosia beetle. For a discussion of this 
subject, based upon extensive investigations conducted by specialists, 
the reader is referred to Circular 82, “Pinhole Injury to Girdled 
Cypress in the South Atlantic and Gulf States,” and Circular 128, 
“Tnsect Injuries to Forest Products,” issued by the Bureau of Ento- 
mology, United States Department of Agriculture. 

WASTE IN LOGGING. 

Various forms of waste in logging are found in some regions. 
Utilization is complete, however, in the most literal sense of the term, 
among the Mississippi River operators; as a rule not a living cypress 
tree is left, stumps are cut low, and top logs are taken. Where clean 
cutting is practiced trees above 16 to 18 inches at the stump are taken 
for lumber; from 8 to 14 inches for ties, piling, etc.; and practically 
everything left by the axe is broken by the steam logger. Over the 
Atlantic region the wood in the trees felled has in the past been utilized 
much less thoroughly, and the smaller sized trees left standing. One 
company in western Florida commendably adheres to a high diameter 
limit in the selection of trees for fellmg, but wastefully cuts high 
stumps and leaves large top logs. As thousands of deadhead logs, or 
“sinkers,”’ left 10 to 20 years ago, are now being taken out by machin- 
ery, so in turn later cutters on the same areas will undoubtedly pick 
up many large top logs and material left in high stumps. Although 
present cutting may be for special sizes and grades of stock, it is 
doubtful if it is wise or practical thus to leave large quantities of good 
timber in the woods (PI. II). The high stumps often result from 
sawyers working in the girdle line, which, of course, is chopped out by 
the girdlers at as high a point as possible above the basal swell in order 
to avoid unnecessary labor. 

Waste in logging cypress is generally attributed to the poor quality 
of labor, but is usually due to carelessness in supervision and failure 
to realize the true stumpage value of the material left. Operators 
on the Atlantic coast, where freight rates to the larger markets are 
considerably lower, should be able to apply to their own logging the 
methods which have been worked out so successfully in Louisiana. 
In many cuttings in the Atlantic coast region stumps are left 5 to 9 
feet high in order to effect a slight saving in labor; while in Louisiana, 
as a general practice, small trees are cut at 2 feet, and all others, up 
to the largest sizes, at 3 feet. The amount of merchantable lumber 
contained in the upper 2-foot section of a stump 4 feet in diameter 
cut 5 feet in height, allowing 35 per cent for defect and not including 
the slab, is 90 board feet. At a stumpage rate of $8 per thousand 
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feet, the value of the short-log section left is $0.64, or about 15 cents 
more than is paid on an average for felling and cutting the trees where 
the cypress runs good size. The wood left in a similar stump 3 feet 
in diameter at the top gives a waste of about 33 cents per tree. If 
operators would spend a few minutes in figuring the total value of the 
timber left in stumps above a 3-foot maximum many would, in all . 
likelihood, revise their system of cutting. 

MILLING. 

Large-sized mills are the rule in the cypress industry. Many mills 
average daily runs of from 80,000 to 100,000 board feet. The larger 
mills in Florida and Louisiana turn out on an average up to 200,000 
feet daily, and a few cut as much as 275,000 feet by using two double- 
cutter band mills and resaws. With the exception of a few inland 
swamp districts, the majority of cypress mills are located with refer- 
ence to convenience in the transportation of either logs or lumber, 
or both, by water. Logs are rafted to the mill through lakes, bayous, 
and sometimes artificial canals, for distances of from 50 to 125 miles. 
The typical mill is equipped with a double band saw, shingle and lath 
mills, up-to-date planmg mill, dry kilns, and a lumber yard of 
unusually large size. Nearly ail use pond storage, and many have 
complete dry-log yard equipment in addition as a provision against 
irregularities in girding and logging during extended high-water 
periods. Ordinary labor is usually paid for by the day, and the more 
expert by the month or year. In the highest form of organized 
manufacture the entire manufacturing operation from the standmg 
tree to the loaded car, with a few minor exceptions, is done under 
contract at a stipulated price per 1,000 feet. 

WASTE IN MILLING. 

In mill practice, complete utilization is the rule rather than the 
exception. The products of the ordinary mill are lumber, lath, and 
shingles, and a great variety of planing-mill products. The refuse 
burner gets little of the sound timber except small trimmings and 
sawdust, but a good deal of trash in advanced stages of decay. 
Because of the large number of standard short lengths and the strong 
demand, slabs are worked closely for lumber, and the remainder is 
sent along with the trimmings into the secondary mills, producing 
shingles, lath, pickets, ete. In younger cypress, where the butt 
swell is prominent, butt logs furnish a large amount of such material, 
and all is in excess of the log scale. Pieces down to 4 inches in width 
by 12 inches in length are utilized for tubs, buckets, washing ma- 
chines, etc. Planing-mill orders include a great variety of small 
sizes for special uses in contact with water. There is still opportunity 
for considerable improvement in the utilization of small-sized waste 
on the part of many operators in cypress. 
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COST OF MANUFACTURE. 

The investment required in the manufacture of cypress lumber is 
considerably higher than for most kinds of timber. The essential 
factor is the high initial cost of logs delivered at the mill. Briefly, 
the high expense of manufacture is due to: 

(1) The costliness of the equipment required for logging. 
(2) Cypress is mostly cut into 1-inch lumber, and very little goes 

into dimension stock, as is the case with the southern pines. 
(3) The stock is usually held from 8 months to a year, and some- 

times for 2 years, in order to permit of thorough air-seasoning. This 
entails large holding charges. 

On the other hand, cypress forests are in the lowest situations, 
affording water transportation in many cases for logging and in some 
cases for shipping lumber. Float logging, the method of the earlier 
days, was relatively cheap. In Louisiana the timber lies so far from 
the water fronts and places where artificial canals are practicable 
that pull-boat logging is said now to average from $1 to $3 more per 
1,000 board feet than overhead-cableway skiddmg and swamp 
railroads. The fire danger, with the necessity of clearing rights of 
way and of slash disposal, is eliminated in cypress logging. 

Logging railroads are built on piling over swamps at costs ranging 
from $9,000 to $12,000 per mile, and sometimes $15,000 for main 
limes. Temporary logging spurs on mud piles, cribbing, or sawdust 
beds cost from $1,000 to $2,000 per mile. The usual equipment con- 
sists of locomotives and cars, in addition to the combined skidders 
and loaders for getting the logs from the stump to tke car. The 
climax of logging machinery, the 135-ton duplex spar skidder in use 
on the Santee River, S. C., and perhaps elsewhere, costs approxi- 
mately $28,000 set up and ready for operation. Water log- 
ging by steam requires heavy dredge boats for digging canals, pull 
boats equipped with skidding engines and tons of steel cable, and tow- 
boats for getting the logs to the mill. Frequently logging is done by a 

- combination of both methods. In order to avoid undesirable shut- 
downs, the logging capacity of cypress plants is large in relation to 
the mill capacity. 

The cost of manufacturing cypress is subject to very wide variation, 
due mainly to the different conditions in logging and the varying 
soundness of the timber. In the older supply regions costs often run 
nearly double those in the more virgin districts. The figures below 
will indicate the general range of cost in complete manufacture: 

Cost per 1,000 
Logging: board feet, 

Girdling (price per tree, 8 to 12 cents).........--2-----22--0-- $0. 15 to $0. 20 
Cutting (paid by the tree or thousand board feet)............-.- . 60 . 80 

Deicdine snd londinos fashions Alisa scawasleh!.-poemmate. or 7A eee 1.95 - 2.90 
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Cost per 1,000 
Logging—Continued. board feet. 

Railroadiney 7s) Fee As TS EA | RNG ee eee es LS ene $2. 10 to $3. 10 
Depreciation and overhead charge./.-. 2.20. .2...-1.22.- 22222: . 70 1.00 

5.50 = 8. 00 

Milling: 3 
DAWA ee ah ee i eee pn sy Se a 2 Bis tc ear 1.95 to 3.00 
zh WRG Uf dae El Ny sire Said eed sia ea yn ii PN Mig aad a 185" 250 
Depreciation and overhead charge. ./.:- 222 22-..2.-..--22------ 95 1.50 

4°75. 700 

Oba ee he oe a eta See Oe er man Ee) CREOED EY 10. 25 to 15. 00 

The lesser figure for total cost will appear low for smaller opera- 
tions in scattered cypress along the Atlantic coast, where complete 
manufacture costs from $13 to $16. In the large tracts of the Mis- 
sissippi delta, with heavy yields per acre on relatively stable soils 
and large-scale operations, the cost averages from $9 to $13 per 
thousand. Logging is more expensive than milling by from $1 to $3, 
and milling averages from $5 to $7 per thousand fae because of the 
large amount of defective or pecky material, close Teenie and 
small sizes run through the mil. In Tectia, where the ee 
companies pay for practically every operation oe manufacture by 
the thousand feet, lumber is produced at the lowest average cost. 

GRADES. 

Cypress is manufactured and handled in the trade under detailed 
and very satisfactory inspection rules. The grading rules adopted 
by the Southern Cypress Manufacturers’ Association,! composed of 
about 50 producing companies, are in most general use. Their seven 
major grades and great number of finish grades are well defined and 
allow of a marked uniformity. Odd as well as even lengths above 4 
feet have been for some years standard, with certain limitations as to 
the proportional amount of odd lengths. The major grades are tank 
stock, first and second clear, selects, shop (two grades), selected com- 
mon Sale stock, barn or Tonersiin (two grades), cull or peck. The 
National Eanirood Lumber Association and the Hardwood Manu- 
facturers’ Association both use the rules of the Southern Cypress 
Manufacturers’ Association. 

At the saw there has been a gradual decline in the average quality 
of the lumber, due chiefly to logging in situations less favorable for 
growth, in tracts formerly culled of the best trees, and closer utiliza- 
tion. Records kept continuously for the past 5 or 10 years show a 
marked decline in the percentage of clears and selects, and corre- 
sponding increases in shop, and especially common. 

1 Mr. George E. Watson, Secretary, Hibernia Bank Building, New Orleans, La. 
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The seven grades of the Southern Cypress Manufacturers’ Associa- 
tion give the followmg averages in a number of representative locali- 
ties, with 5 to 15 years’ cut in the future: Tank, 2 per cent; clears, 
15; select, 16; shop, 19; barn, dimension, and boxing, 27; peck, 9; 
ties, posts, and miscellaneous, 14 per cent. 

STOCK AND SEASONING. 

The great bulk of cypress is air-dried for periods of from 9 to 
12 months. A representative mill in Louisiana, carrying about 
45,000,000 feet of cypress in its yards, kiln-dried only 2 per cent of 
its lumber, but 60 per cent of its shingles and lath. Tank stock 3 
inches thick should have about 18 months for air-seasoning. Except 
in an emergency, little of the high grades is run through the kiln, since 
checks and raised grain often appear, but some mills kiln-dry the 
commons, and so hasten their disposal. Because of the large water 
content, green cypress shingles are very heavy. Kiln drying effects 
a reduction in weight of about one-half. For doors and other high- 
grade products, manufacturers call for lumber dried for from 10 to 
16 months, followed by kiln drying for from 3 to 20 days. Close mill 
utilization and the demand of the trade for air-seasoned cypress in a 
very large assortment of sizes and forms are the reasons why cypress 
mills carry a very much larger stock than mills of equal capacity 
operating in most other woods. Such large stocks are not turned 
over rapidly, and mills usually carry some lumber 2 or 3 years. The 
durability of cypress and its freedom from bluing and other injury 
affecting most woods account for the prevalence and entire success 
of open-air seasoning and slow handling of the stock. 

MARKETS AND LUMBER PRICES. 

Cypress was for a long time a little-known wood, used for the most 
part locally in the manufacture of shingles. It made but slow prog- 
ress in the general market, and was subject to frequent fluctuations, 
which were annoying and costly to operators with capital tied up in 
standing timber and manufacturing plants. Now it has come into 
national prominence and there is a strong domestic demand for it. 
Although the larger part of the entire cypress cut is marketed in the 
region east of the Mississippi and north of the Ohio River, users and 
manufacturers in the Central and the Middle Western States are 
realizing more and more the value of cypress for certain purposes. 
The redwood of the Pacific coast has been to some extent a competitor 
of cypress, and cheap transportation through the Panama Canal may 
perhaps bring it into the eastern markets in larger quantities, 

96612°—Bull, 272—15——2 
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In 1914 the average mill-run price of cypress in Louisiana was 
about $23.50 per thousand feet.!. It is mteresting to note that durmg 
the 12-year period following 1900 the price of northern white pine in- 
creased by $6.44 and that of cypress by $6.77. Cypress for many years 
has led all other conifers or ‘“‘softwoods”’ in the average mill-run of its 
product. In 1899 cypress was 63 cents ahead of northern white pine, 
its nearest competitor; in 1907, $2.61 ahead; and in 1914,* it led by 

about $4.40.2. Pecky cypress, for which there is a good market, 
usually brings the millmen $8 to $10 per thousand; commons, from 
$10 to $20; shop, $20 to $25; selects, $28 to $35; and clears, $35 

to $45. These are round figures, but suffice to show the range of 
values. The cost of cypress to the wood-manufacturing industries 
throughout the United States, during the period of 1910 to 1912, aver- 
aged about $26.95 per thousand board feet f. 0. b. cars at the factory. 

STUMPAGE. 

In the early years of the cypress industry practical lumbermen 
with business foresight began to accumulate cypress holdings, which 
were then popularly considered of small value. The flat swamps in 
which cypress flourishes seemed to offer insurmountable obstacles 
to cutting and getting out the timber to a point where it could be 
manufactured into merchantable products. Along streams subject 
to high spring floods the situation was more favorable. Pine lands 
were still relatively cheap; and cypress swamps, on account of their 
accredited inaccessibility, were looked upon by the settlers as of little 
value. Large tracts of overflow lands in Louisiana and Florida 
acquired by speculators for 25 cents up to $1 per acre, are now worth 
from $70 to $125 for the standing cypress alone, and are not really 
available at that price. 

Stumpage values of cypress have become quite uniform, no doubt 
on account of the relatively few hands in which the remaining sup- 
plies are held. Along the Atlantic coast, where the bodies of cypress 
average smaller than in Louisiana and Florida, somewhat lower 
stumpage prevails. The cost of production, however, is relatively 
greater, but is offset a little by the shorter distance to the north- 
eastern markets and also influenced somewhat by the lower intrinsic 
land values in the region. A stumpage value averaging about $8 
per thousand feet is quoted for much of the best cypress throughout 
the Gulf region. This decreases in Florida and up the Atlantic coast 
to a more representative value of $6 to $7 per thousand for good 

1 Based upon 14 special reports to the Forest Service of average prices during 1914 from 5 of the larger mills 

in Louisiana. This is doubtless higher than for the whole cypress region. Figures for 1899 and 1907 are 

based upon Bureau of Census reports. 

2 The average price of northern white pine for 1914 was $19.13, based on 27 reports during year from 8 large 

mills in Minnesota and Wisconsin; special reports to the Forest Service. 
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tracts of cypress timber. Seven sales in Louisiana in 1914, aggre- 
gating 45,000,000 feet were made at prices reported as ranging 
mostly from $3.50 to $8.25, but reaching nearly as low as $2 per 
thousand feet, probably by reason of some condition such as scattering 
or inaccessible stands. Over 270,000,000 feet in Florida, comprised 
in four tracts, sold in 1913 at prices reported as ranging mostly 
around $3 and $3.50 per thousand feet. Assuming an average cost 
of manufacture of $13 and a legitimate profit of $2.90 per thousand 
feet, on the basis of the average mill-run price in Louisiana in 1914, 
the operator is realizing $7.63 on his stumpage. A lower quality of 
standing timber, increased cost of manufacture, and lower average 
mill-run values will bring the returns from stumpage down to averages 
estimated mostly at $3.50 to $5.50 per thousand. It is apparent 
that at the present lumber prices, even with the upward tendency in 
cost of manufacture, prospective operators can afford to pay $6 to $8 
for good cypress stumpage and make a reasonably good net profit. 

LIFE HISTORY OF THE TREE. 

Cypress is a tree of ancient lineage. Forest remains show that, 
prior to the glacial period, cypress, along with the redwood, incense 
cedar, the ginkgo (now of China), and several haalenoods. orew 
in Afiundance in the Arctic regions of both North fperlen and 
Europe: By subsequent dln changes these species were 
driven southward along widely separated lines. The ginkgo 
descended the coast of China, the redwood the western coast of 
North America, and cypress the eastern coast to the warm south 
Atlantic and Gulf regions. 

BOTANICAL FORMS. 

Among botanists at least two forms of cypress are commonly 
recognized. ‘These two forms overlap in geographical range and 
intergrade to such an extent that it is often difficult and sometimes 
impossible to distinguish between them. The differences, moreover, 
become less apparent as the tree increases in age. 

When found distinct, the main form is characterized by flat leaves 
arranged in two ranks along the horizontal branchlets, wide-spreading 
limbs, and thin, comparatively smooth bark. The most common 
type of the other form (Taxodium distichum var. imbricarium Sarg.) * 

is distinguished by its small, asicular or.appressed leaves, smaller 
and more ascending branches and branchlets, and thick, strongly 
furrowed bark (Pl. X). More recent investigation has added to 
the above some minor characteristics of the wood and differences 
in rate of growth, which are discussed elsewhere under appropriate 

| Shaler, N. 8., Memoirs of the Museum of Comparative Zoology, Harvard University, Vol. XVI, No. 1. 

4 Variously held among botanists to be a variety or distinctive species. 
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headings. Each of the two forms, however, within itself presents 
real variations in leaf, branch, bark, and wood. 

There are indications that the varietal form (var. wmbricarium), 
which is more abundant over the Atlantic Coastal Plain than else- 
where, is undergoing a gradual botanical segregation during its 
assumed northward migration from Florida, and has been since 
the close of the glacial period. Progress in segregation is necessarily 
slow on account of the heaviness of the seed and its exacting moisture 
requirements for successful germination. Evidence points clearly 
to soil conditions, particularly acidity and drainage, as fundamental 
factors causing the botanical variation of cypress. The range of 
the imbricate form, so far as at present known, is generally coincident 
with the limits of the Atlantic Coastal Plain, but extends southward 
into northern Florida and westward to Alabama. ‘The main species, 
on the other hand, finds its most congenial home along the Gulf 
Coast and up the Mississippi Valley in the deep alluvial souls. 

OCCURRENCE. 

The close restriction of cypress to very wet situations suggest 
two explanations: (1) That the species requires much water and is 
in reality a semiaquatic or mud-inhabiting species, or (2) that it 
has been forced to these unfavorable situations because of imability 
to compete with species better adapted to occupy the more favorable 
uplands. 

Close observations on young cypress agree in furnishing evidence 
that, in its early stages, cypress is very exacting and successfully 
establishes itself only in situations of very abundant moisture. 
Subsequently, however, seedling growth is noticeably more rapid 
on better drained situations. These observations lead to the con- 
clusion that in extremely wet situations cypress, In a greater or 
less degree, is tolerating conditions not generally favorable to the 
normal thrifty growth and development of the tree. In other 
words, the inherent soil and moisture requirements of cypress after 
its earliest stages are to be looked upon as very similar to those 
of many of the hardwood timber trees which thrive best in a deep, 
loose, well-drained, fresh, rich, sandy or clayey loam, containing 
humus and available mineral food, and well supplied with soil 
moisture. 

Broadly speaking from a geological standpoint, cypress therefore 
belongs characteristically to young lands. Cypress is the dominating 
tree in the forests of the alluvial lands of the South. It advances 
slowly, but ahead of all other trees, as river and sea marshes gradually 
build up, flourishes in the deep alluvial soils submerged for a portion 
of the year, and later is driven out by the competition of hardwoods 
as the lands are further built up and become drained. 
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Within its natural geographic range, cypress occurs locally on 
quite widely different situations, all alike, however, in their swampy 
character. These may be grouped broadly under four classes, differ- 
ing chiefly in the amount and acidity of the water, and, to some degree, 
in the composition and texture of the soil. 

ALLUVIAL SWAMPS. 

Swamps traversed by rivers or creeks which fluctuate in height and 
carry considerable solid matter in suspension are classed as alluvial 
river swamps. The overflow lands of the lower Mississippi River are 
among the richest and deepest alluvial soils in the world. Other 
alluvial streams .are the Peedee, Santee, Savannah, Apalachicola, 
and Mobile Rivers. Broad river deltas or estuarine swamps, occur- 
ring at the mouths of some of these, take the form of an intricate net 
work of narrow channels. The water is always more or less muddy, 
but because of its breadth and its closeness to sea level is subject to 
only slight seasonal fluctuations. During the summer and fall the 
water in these swamps becomes stagnant and because of its acidity 
is rather unfavorable to tree growth. The continuous saturation 
of the soil and relatively slight fluctuation in depth of water are 
favorable to cypress seed germination. 

Cypress reigns supreme over extensive areas of the flat delta 
region of the lower Mississippi. The bayou or river is bordered on 
both sides by a natural levee, back of which comes a succession’ of 
sloughs and low ridges leading into a deep swamp often miles in 
width. Over the ridges cypress gives way to oaks, red gum, ash, red 
maple, honey locust, hackberry, and a few less important hardwoods. 
The two forest types are represented graphically in figure 2, showing 
cypress confined mostly to permanently wet situations. Heavy 
cypress stands or “‘brakes” occupy the shallow lagoons and cut-offs 
of former river channels. Farther upstream the swamps of the large 
alluvial rivers are closely bordered by uplands which confine the 
water, causing deep inundation. Their surface is undulating and 
subject to complete overflow only during periods of high water. As 
a rule these swamps are better drained and, superficially at least, dry 
during most of the growing season. Growth is good and the quality 
of the timber produced is excellent. 

NONALLUVIAL SWAMPS. 

These swamps are located at or near the heads of watercourses and 
along clear-water streams, fed mostly by seepage and springs. They 
have dark or coffee-colored but clear water and muck or peat soils. 
The Dismal and Okefinokee Swamps (fig. 3) and many river swamps 
in Florida are typical of this class, and the water carries little sedi- 
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ment even during the flood season. Black gum 
and the baysin muck soils and southern white 

DEEP CYPRESS SWAMP 

Ue 

Fig, 2.—Section of Grand River (Louisiana) showing hardwood ridges, cypress sloughs or glades, and deep cypress swamp. 
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cedar in the peat soils are the 
main associates of cypress. 

PINE BARREN ‘POND’? SWAMPS. 

The effect of variable mois- 
ture supply and highly acid 
soil is seen in the stunted 
and rather defective stands 
of cypress occurring in the 
ponds distributed thickly 
over the region from South 
Carolina to Florida. Here 
the starved cypress in its 
extreme form occurs and is 
commonly known as_ the 
“pond” cypress. In these 
situations cypress has practi- 
cally no competitor, although 
there is some scattered water 
gum, and, near the margin, 
Cuban pine, pond pine, and 
spruce pine. 

COASTAL SWAMPS. 

While cypress is a_ tree 
tolerant chiefly of fresh 
water, it reaches the coast 
and advances a little into 
brackish tidalwater. Growth 
here is distinctly inferior, and 
the salty overflow during 
driving storms undoubtedly 
accounts for the early death 
of many trees. The tree is 
an inhabitant of the fresh- 
water wooded swamps in dis- 
tinction from the open grassy 
everglades and “prairies” of 
fresh water on the one hand 
and the coastal marshes and 
salt-water mangrove swamps 

Many of the cypress “brakes”’ 
or cut-off sloughs represent the gradual filling 
of marshes and lagoons, which in a previous geo- 
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Fia. 3.—Section of Okefinokee Swamp (Georgia) showing open water, prairie, and various stages of young and old cypress stands. 
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logical period, as arms and bays of the ocean, extended far mto what 
is now the Coastal Plain and great central valley. 

LONGEVITY. 

Cypress attains so great an age that the hfe periods of virgin stands 
are better spoken of in terms of centuries than of decades. Trees 
from 400 to 600 years old are very common, and those from 600 to 900 
years are scattered through most virgin cypress stands. Individual 
trees 750, 820, and 845 years old were noted in the Okefinokee Swamp, 
915 years in southern Louisiana, and about 1,200 years in the Flint 
River in southwestern Georgia.t’ Roth determined the age of a cy- 
press near the Santee River in South Carolina? as over 1,200 years. 
There is considerable evidence that the greatest ages are reached in 
the region from South Carolina to northern Florida in the nonallu- 
vial and slightly acid swamps subject to only slight differences in 
water level. The age attained seems to be limited chiefly by the 
ability of the tree to resist the attacks of fungi and force of the wind. 
Old trees die backward or downward during a period usually of one 
to three or four centuries. The last stage is usually a hollow cylinder 
consisting of sapwood from which the heart has been removed by 
decay (Pl. IID). It is not improbable that the ages of these hollow 
veteran cypresses range from 1,000 to 2,000 years. | 

SIZE. 

The prevailing size of mature trees in ordinary situations 1s some- 
where about 3 to 5 feet in diameter at breastheight (44 feet above 
the ground) by from 100 to 120 feet in height. In the highly acid 
soils of ponds and poorly drained, flat swamps the average maxi- 
mum size is about 2 feet in diameter by from 50 to 70 feet in 
height. The largest trees scattered on ordinary sites are 7 to 8 feet 
in diameter. The maximum diameter for cypress is about 12 feet 
measured at breastheight. Maximum heights of from 140 to 150 
feet are occasionally reached.‘ In all cases, however, the culmina- 
tion in height comes from one to four centuries earlier than the 
greatest diameter. The trunks of the trees of largest diameters are 
usually hollow at the base and more or less broken at the top. 

FORM. 

In form, cypress is a tall, straight-stemmed tree (Pl. I). In 
regions of prolonged inundations the tree usually develops a high, 

lAges very similar to the coast redwood of California, Sequoia sempervirens Endl. 

2 Forest Service Circular 19, p. 3. 

2 See also discussion of yolume on p. 41. 

4 Sargent, C. 8., ‘Manual of the 'T'rees of North America,” p. 72. 
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sometimes remarkably wide, buttressed or ridged base. Toward 
maturity this form at the base gradually disappears as a result of 
change in growth toward a cylindrical or columnar form. Another 
cause is geological in character. The remaining basal swell becomes 
buried during the course of several centuries by alluvial and peaty 
deposits, often to a depth of from 3 to 5 feet. In swamps not sub- 
ject to high floods cypress usually has only slight basal swell (fig. 4). 
The narrowly pyramidal and symmetrical crown of smaller branches 
during earlier life gives way gradually during the second and third 
centuries to a broad, flat-topped crown consisting of a few wide- 
spreading, heavy limbs. This form persists during from two to four 
centuries; then decay, accompanied by winds, usually carries away 
considerable of the original top (Pl. III). In the open, cypress 

maintains a full crown of many small branches more cylindrical m 
form and very much less dense than the eastern red cedar. 

BARK. 

The bark shows extreme variation from a thick, deeply furrowed 
fibrous bark to a thin scaly one. The tree is very responsive to 
physical environment. In Florida, for example, near fresh, deep 
water, the bark at all ages is very thin, soft-fibered, and light brown 
in color, while in adjacent situations with sluggish or stagnant water 
the bark is thick and of a reddish color, the heartwood is darker and 
somewhat heavier, and the sapwood thinner and more uniform in 
width (Pl. X). In the great Wilmington Swamp of North Carolina 
the bark is prevailingly thick and firm. Durimg logging it breaks 
apart into long, stringy fibers of a rich brownish-red color.- The 
difference in bark thickness ranges mostly from + to 14 inches. All 
intermediate gradations are present, and when the two extremes 
appear in the same region they are accompanied by different condi- 
tions of soil and moisture. 

LEAVES. 

The foliage consists of very small flat or needle-shaped leaves, 
arranged either in two ranks or closely appressed to fragile branchlets. 
Cypress is a conifer, but not an evergreen tree, and both leaves and 
branchlets are dropped in the fall. The wide variation in leaf form 
appears to be accompanied by corresponding differences in the 
amount and acidity of the water supply. 

ROOT SYSTEM. 

The conical base of cypress divides below the surface into about 
six to ten strong descending and spreading roots, which provide a 
deep anchorage for the tree. The form suggests that of a mush- 
room anchor. In addition to the descending roots, a number of 
large laterals extend outward near the surface like cables and form 
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Bul. 272, U. S. Dept. of Agriculture. PLATE IV. 

Fic. 1.—TYPICAL CYPRESS ““POND” IN FLAT PINE Woops, YIELDING POLES, TIES, 
AND SOME SAW TIMBER. IMPORTANT IN FUTURE MANAGEMENT OF SOUTHERN 
FORESTS. (GEORGIA.) 

Fic. 2.—BASE OF 8-FooT Cypress, ABOUT 1,200 YEARS OLD. (FLINT RIVER BASIN, GA.) 
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the widely spreading and branching superficial root system that 
has been more commonly recognized. The masses of roots at the 
base of cypresses have proved such an expensive obstacle to the 
digging of canals through swamps as to cause the financial failure of 
numerous timber operations dependent upon this form of logging. 

CYPRESS KNEES. 

The peculiar cypress “‘knees,”’ or upright conic portions of the 
superficial root system, are of unusual interest. Knees occur mostly 
where water covers the surface for long periods, and their height 
corresponds rather closely to the average high-water level for the 
locality. Occasionally they reach heights of from 8 to 10 feet above 
low-water mark. Observations indicate further that in soft or 
yielding situations the root system is much more extensive and the 
knees correspondingly larger than in firmer soils. They appear in 
general to be as common in alluvial as in nonalluvial swamps, and 
in fresh as in stagnant or acid soils. The wood is light in weight, 
but peculiarly gnarled and twisted in structure, and therefore of 
extreme toughness. Except in their early stages, the knees are 
usually hollow, and they commonly die at once when the tree is cut. 

In regard to the function performed by cypress knees very little is 
known by actual experiment. Wilson,‘ in a series of carefully con- 
ducted laboratory tests with cypress seedlings, found that when con- 
tinuously submerged in water the superficial roots sent branches 
upward to the surface. This suggested the function of knees as 
breathing organs for the roots. In speaking of adaptations in marsh 
plants, Warming? states that in some trees and shrubs erect roots are 
developed which thrust their tips above water and convey air to the 
root system beneath in the mud and water, and on the authority of 
Kearney cites cypress as an example. At its lower end the knee has 
a downward-reaching, pronged root system, smaller but very similar 
in form and appearance to the main root system beneath the tree.’ 
The knee thus might be termed a sort of secondary tree, with the 
difference that it is composed of root wood. So far as is known there 
is no record of a knee budding or sprouting.* It clearly is not devel- 
oped for the purpose of reproduction.* 

Although commonly credited in literature with serving the func- 
tion of aerating organs, there is no definite proof from mature trees 
of the part played by knees in the economy of the tree. An experiment 

1 Wilson, W. P., formerly of University of Pennsylvania. Proceedings Academy of Natural Science, 

Philadelphia, April, 1889; see also Forest Leaves, Vol. II, p. 100-111. 

2Warming, Oecology of Plants, p. 186. 

3 Fig. 5 shows clearly this structure in trees photographed by Robert H. Lamborn. See Garden and 

Forest, Vol. III, p. 20. 

4 Seedlings are occasionally found growing from seed which lodged and germinated in the hollows of 

decaying knees. 
5 See “ Effect of submergence,” p. 38. 
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has been started by the Forest Service in Louisiana to determine 
what effect the removal of the knees has upon the subsequent growth of 
the tree. The knees were removed from 15 trees and left on 5 near-by 
trees to serve as a check for later comparison. It should be noted 
that other swamp species, including tupelo gum, water ash, white 
bay, and others, do not produce knees, although they frequently 
occur in apparently the same situation where cypress has developed 
knees at least 2 to 5 feet in height. Some of the species do, however, 
develop slight humps or kinks in the surface roots. 

Although cypress occurs chiefly on the most unstable and treach- 
erous soils, it is one of the most windfirm of all southern commercial 
trees.1 On what engineers would pronounce the most dangerous 
foundation it rears a shaft, often of massive proportions, for 60 to 
90 feet in height, topped bes wide-spreading head of giant limbs with 
very numerous ‘uence. It is obvious that the wind pressure at 
times upon a mature cypress is very great. However, Lamborn and 
Newberry,? both of whom traveled extensively in the southern regions, 
state that they do not recall having seen a living cypress overthrown 
by the wind. The great resistance offered by cypress to the force of 
wind is pomted out by Mohr,? who visited the path of the severe 
tropical hurricane of September, 1892, along the Savannah River 
in Hampton County, South Carolina. He states that “not a single 
cypress was seen to have yielded to the fury of the storm, although 
the pines in its track were mowed down like grain before the reaper, 
and the sturdy live oaks and laurel oaks were uprooted.” 

The mass of interwoven horizontal roots, with the aid of hundreds 
of vertical roots beneath the knees, binds the associated soil materials 
and furnishes a stable support for the weight of the tree. The large 
sustaining force of cypress roots is thoroughly recognized by lumber- 
men and is utilized in the construction of logging railroads over 
swamps. 

The mechanical function of the knees was pointed out by Lamborn,’ 
who investigated the subject from the standpoimt of a mechanical 
engineer. In his conclusion he stated ‘that the most important 
function of the knees is to stiffen and strengthen the roots, in order 
that the great tree may anchor itself safely in a yieldmg material.” 
Mohr in his thorough study of cypress reached the same conclusion. 

In view of the requirements of cypress for an extraordinary root 
system for support in soft, yielding soils and the binding effect of the 

1 Elliot says: ‘‘The cypress resists the violence of our autumnal gales better than any other of our forest 

trees.” Botany of South Carolina and Georgia, p. 643, 1824. 

2 Garden and Forest, Vol. III, p. 21. 

3 Mohr, Dr. Charles, Manuscript report on cypress, based upon an extensive field study. Forest Service, 

Department of Agriculture. 

4 Lamborn, Robert H. ‘The knees of bald cypress: A new explanation of their function.”’ Garden and 

Forest, Vol. IU, p. 21. 
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pronged and multiple roots below the knee, it appears very probable 
that the knees are developed not only for the purpose of increas- 
ing the supply of oxygen which the roots are able to obtain di- 
rectly irom the water, but of enlarging and strengthening the basal 
support. The evidence of this belief is (1) the general absence of 
knees in swamp soils superficially dry during most of the year, (2) the 
presence of knees where there is an excess of surface water for long 
periods, (3) the rise of the knees approximately to the height of the 
average flood level, and (4) the interwoven network of roots in the 
superficial root system, and the anchorage afforded by the mass of 
deep roots beneath the knees. 

REPRODUCTION. 

SEED AND GERMINATION. 

Cypress has the power of reproducing itself both by seed and by 
sprouts from the stump. 

Cypress cones (“balls”) contam from 18 to 30 twisted, sharply 
keeled, or winged seeds! (Pl. XI). Large pockets or sacs in the 
cone are filled with an exceedingly sticky, red, liquid resin, unpleas- 
ant to the taste. This probably explaims why the seeds are only in 
slight degree taken as food by either birds or rodents. The outer 
coating is thick and hard. When free from cone scales or other 
materials there are about 5,000 seeds per pound. Upon ripening in 
October and November, the seeds fall to the ground near the tree. 
Unlike the seeds of most conifers, cypress seeds are not scattered to 
any extent by wind and animals. Seed is borne in abundance. 
Some is produced almost every year, and full seed crops, so far as is 
known, occur at intervals of about every three years. Some of the 
seed is aborted or infertile, so that germination averages usually 
from 40 to 60 per cent. 

Tests? of seed collected in the two Carolinas in the fall of 1913 
gave from 55 to 65 per cent of germination (Table 5 and Pl. XI). 

The general average for seed from all sources is perhaps 40 to 50 per 
cent. Seeds stored indoors in a warm, dry room from November 
until the following April, 1913, gave 55 per cent germination, occur- 
ring mostly in five weeks and reaching completion in seven weeks. 
Some of the same lot after soaking in stagnant water in a warm room 
for six weeks gave 65 per cent germination, complete in two weeks 
from date of sowing. In another test seed which was kept contin- 
uously moist and aerated under a glass jar for a period of four months 
completed germination in seven days,’ with a total of 87 per cent 
germination. 

1 Size of seed averages from 4 to j inch long by } to 4 inch wide. 

*Conducted by the writer in greenhouse flats at the Arlington Experiment Station, U. 8. Department 

of Agriculture. The seed was collected at random from trees in North Carolina and South Carolina 50 to 

100 years old, and conditions for the tests were practically ideal. 

+In June, 1913. 
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TABLE 5.—Germination of cypress seed 1 in greenhouse test, Arlington Experiment Station, 
U. S. Department of Agriculture. 

Date of 
examina-| 200 dry seeds sown 20 soaked seeds 50 moist seeds 

tion on Apr. 3, 1914. sown on May 9.2 sown on May 16.3 
(1914) 

Number. | Per cent. | Number. | Per cent. | Number. | Per cent. 
Apr. 25. 13 6.5 
Apr. 30- 46 23 
May 6.. 90 45 
May 11. 100 50 
May 16. 104 52 
May 21. 107 53.5 
May 23. 109 54.5 
May 25. 111 59. 5. 
May 30. 111 55. 5 

eae eollected in October and November, 1913, in North and South Carolina, and stored in warm, 

2 Seeds from lot as above, soaked in stagnant water 6 weeks prior to sowing. 
3 Seeds from same lot as above, kept in moisture-saturated air for 7 weeks prior to sowing. 

Over the extreme northern part of the tree’s range very little of 
the seed matures... Germination takes place at various times dur- 
ing the followmg spring. If it is early the seedling is exposed in 
the swamp to the extreme vicissitudes of periods of high water. If 
the seed is kept continuously submerged, it will not germinate. 

The seed-bed requirements are a very abundant supply of mois- 
ture maintaied for a period of from one to three months. Under 
these conditions the hard seed coats swell and soften, allowing the 
tender seedling to emerge. The young seedling is thus almost semi- 
hydrophitic in its early stages and develops well in completely sat- 
urated soil, though it does even better where there is some drainage. 
A bed of sphagnum moss seems to afford the best kind of seed bed, 
doubtless because of its capacity for retaming moisture in large quan- 
tities. Soft, wet muck is also favorable to successful germination. 

SPROUT REPRODUCTION. 

Cypress sprouts freely from the stump under ordinary conditions 
during the first 50 to 100 years. Sprouting from stumps 100 to 200 
years old is not unusual. A coppice sprout 6 feet high was seen in 
Louisiana growing from the top of a stump over 300 years old cut 
about 14 years ago at the height of 8 feet. All of the sapwood had 
decayed except beneath the sprout, where living connection with 
the root had been maitamed. Large, thrifty coppice occasionally 
sprouts from stumps up to 180 yearsold. In every such case observed 
the parent tree was of slow growth and therefore relatively small 
(Pl. V1). Economic reproduction by sprouts is rather closely 
restricted by the age and size of the parent stump. Stumps of 
vigorous stock up to the ages of 40 to 60 years, when cut in the fall or 
winter, may generally be counted on to send up healthy sprouts. 

1Toumey, J. W, 
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Slow-growing trees beyond the ages of from 60 to 90 years will not 
ordinarily reproduce themselves successfully by sprouting. The 
corresponding diameter limitation is seemingly about from 10 
to 14 inches at 2 feet above the ground. Giurdled trees die and 
will not sprout when cut in logging. Along the Atlantic coast, on 
relatively dry sites, cypress sprouts successfully from both the top 
and the base of the stump (Pl. VI). Along the Gulf and Mississippi 
Valley only sprouts from the top of the stump, or wounded cambium, 
have been observed (PI. V), although root collar sprouts may also occur. 

YOUNG GROWTH. 

Young cypress, although quite unevenly distributed, is present 
in larger amount than is popularly believed. Stands of young growth 
occur abundantly in openings in deep swamps generally throughout 
its range, but are notably absent from the better drained areas or 
ridges and all older upbuilding portions of swamps. 

Along the Atlantic coast cypress appears to be more aggressive 
both in sprout and seed reproduction than over the Gulf States and 
Mississippi Valley. In the more northern portion of its range the 
germination per cent of the seed is lower and young growth is much 
less abundant than farther south. In the Mississippi Basin where 
the soil is rich, strong competition by numerous hardwoods and 
other plants appears to reduce the amount of young cypress. It is 
worth special note that cypress reproduction is extremely prolific 
in the countless shallow ponds and bay heads over the Atlantic 
coastal plain from North Carolina to Florida. In the extensive 
occupation of former rice fields in South Carolina, surface water 
instead of wind has been the chief means of distributing the cypress 
seed. Because of the light, delicate foliage and deciduous leaf habit, 
cypress seedlings and saplings when present are apt to escape casual 
observation. Young cypress is characterized by its coming in 
gradually but growing persistently, often beneath the partial over- 
head shade of other species, until it reaches its normal position of 
dominance over all others in the forest stand. 

A very wet swamp along the Santee River near Ferguson, S. C., 
contained a heavy stand of 2-year-old cypress seedlings from 14 to 
20 inches? in height (shown in Pl. VIII). The maximum stand 
counted in this locality contained 219 seedlings in a square rod. 
This density, 35,000 per acre, was greater than that of any other 
species locally except overcup oak. The average stand on 500 to 

1 Kearney reported cypress in the Dismal Swamp as reproducing itself very slowly, so that an area once 

cut over for merchantable cypress was regarded by the lumberman as permanently exhausted. Seedlings 

were reported, however, as being plentiful upon narrow tracts of marshy land around the edge of Lake 

Drummond. (Report of a Botanical Survey of the Dismal Swamp Region, U. 8. National Museum, 

Vol. V, No. 6, Division of Botany, U. 8. Department of Agriculture, by T’. H. Kearney.) 

2 Age confirmed by section examined under the microscope, Forest Service, November, 1913. 
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1,000 acres was estimated at between 4,000 and 6,000 per acre, 
although irregular in distribution and absent from many small areas. 
In general, it is more scattered and is confined to the wetter situations. 
In the green swamp of North Carolina young cypress was seen 
competing well with red maple, water oak, ash, and tupelo gum in 
tracts logged from 3 to 6 years ago. In four years cypress here 
grows to be from 4 to 6 feet high (Pl. VI). In the great delta region 
of southern Louisiana former cuttings were seen in which cypress 
reproduction was just as successful as willow and tupelo gum in 
taking the ground where seed trees had been left (Pl. V). Mohr, 
who made extensive examinations of the region, says: 

In the dense forests which, for example, cover the shallow lakelike expansion of the 

lower Atchafalaya River and the flooded banks of the numerous channels of the mouth 
of the Red River, where the cypress occurs almost pure, reproduction takes place 
after the larger trees are removed. 

In swamps a very decided change in the vegetation usually follows 
lumbering. This is due to the free exposure to light of surfaces pre- 
viously under the dense shade of a high cypress forest, and the pres- 
ence of many of the herbaceous plants and trees at the time of logging. 
Thus, cypress appears similar to white pine, northern spruce, and 
other species in returning slowly and fighting its way back, followmg 
heavy cutting in former virgin stands. Furthermore, in the case of 
cypress, if its former home has been upbuilding and becoming drier, 
the chances are against successful reproduction and the return of the 
species even in reduced numbers. 

The cause for incomplete and unsatisfactory stands of young cy- 
press are mainly: 

(1) Inadequate supply of seed trees, due to close lumbering and the 
smashing of practically every remaining cypress of seed-bearing age 
by modern methods of steam logging. 

(2) Inherent requirements of the seed and young seedling for mois- 
ture in great abundance for germination and early seedling develop- 
ment, which place the species at a disadvantage when in competition 
with others on upbuildmg swamp areas. 

(3) Heavy seed, which, unlike the seed of most conifers, is not 
freely scattered by wind. 

(4) Death and injury of young seedlings, due to submergence and 
sometimes to stream deposition during periods of flood waters. 

There is no record of close observations on the endurance of cypress 
seedlings under partial or complete submergence. The infrequent 
coincidence of heavy seed crops and favorable water levels during at 
least the first season following germination undoubtedly is an impor- 
tant factor in the amount of cypress reproduction. Delayed or long 
continued flood periods may result in very late germination of the 

1 Mohr, Charles, Forest Service manuscript, 1898, 
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OLD SEEDLING CYPRESS (X) AND STUMP SPROUT (XX) OF ELEVEN-YEAR- Fic. 1 

(GRAND SAME AGE IN CUT-OVER AREA. WILLOW AND TUPELO GUM IN MIXTURE. 
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PLATE VII. Bul. 272, U. S. Dept. of Agriculture. 

Fie. 1.—CYPRESS ADVANCING INTO FORMER MARSH OR “PRAIRIE”? AS THE PROCESS 

OF UPBUILDING PROGRESSES. 

ae AN 

Fic. 2,—PoLe Cypress, 140 YEARS OLD, NEARLY FILLING A SMALL “PRAIRIE” AND 
SURROUNDED BY CYPRESS 265 YEARS OLD IN FOREGROUND. 

RELATION OF CYPRESS TO LIFE OF SWAMPS—OKEFINOKEE SWAMP. 
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OLD CYPRESS REPRODUCTION IN OPENING. Y EAR- —DENSE STAND OF 2- 
1 

Fla. 

Maximum stand of 219 seedlings per square rod, 15 to 20 inches in height. Water ash and 
(Santee River, S. C.) tupelo gum associates in flat wet swamp. 

—CYPRESS SAPLING AND POLE REPRODUCTION FOLLOWING LOGGING. Fla. 2. 

Logging 18 3 from 7 to 16 years old. iS} ypre rs ago made opening, now filled with young c 
(Southern Louisiana. ) 

yea 
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seed, which increases the susceptibility of the immature seedling to 
winter freezing. 

Stands of mature cypress, but rarely any of young growth, occur 
on the ridges in the undulating swamp bordering such alluvial rivers 
as the Santee, Apalachicola, and Mississippi (fig. 2). The recent up- 
building of many of these ridges by the deposition of silt and other 
material during floods is clearly apparent; likewise the later excava- 
tions of some of them by swift flood currents, exposing the embedded 
bases of mature standing cypress trees. With the natural limitation 
of reproduction to the very wet sites, second-growth cypress is irregu- 
larly distributed in swamps, being found mostly in openings and 
especially on newly formed low, wet mud bars and banks (PI. VIII). 

Reproduction is notably more abundant in localities where cutting 
has been conservative than where logging has made a clean sweep. 

The early float method of loggmg destroyed very little growmg 
stock, the pull-boat method considerable, and under present methods 
of clean cuttmg the overhead-cableway skidder effects almost com- 
plete destruction of any part of the forest which happens not to be 
taken. 

Evolution of the Okefinokee Swamp.—The relation of cypress repro- 
duction to the progressive changes in the history of large inland 
swamps is interesting. This relation is intimate, and the compara- 
tive ages of various portions of the swamp—for example, the Oke- 
finokee Swamp in Georgia—can be told approximately by the age and 
distribution of cypress in the forest stand. 
Remnants of the original lake may be seen in the Okefinokee 

Swamp in the scattered bodies of open water. These are bordered | 
by “‘prairies,” or treeless marshes of considerable width (Pl. VIL). 
In passing outward from the central open water toward the higher 
or older portions, one successively finds (a) widely scattered clumps 
of young, slow-growing cypress which obtamed a foothold on the 
vegetable mounds or tufts, (b) dense stands of slender pole cypress, 
(c) mature stands of large-size trees where the swamp floor of humus 
and mulch has become quite stable, (d) overmature cypress trees 
scattered in a stand of black gum and white and red bays, and (e) on 

the outer and oldest portion, a high forest of pure hardwood with 
hardly a remnant of the former cypress stand. These successive 
stages are well shown in figure 3 on page 22. At the extreme edge 
of the swamp this type changes abruptly to a pure forest of either 
longleaf or slash pine over the broad, sandy pine flatwoods. The 
marshes range in size from a few rods in diameter (‘alligator holes’’) 

to several hundred acres. One small “prairie” contained a few 10- 
year-old saplings surrounded by a large pole stand 140 years old, 
which in turn was inclosed by a marginal, even-aged stand of thrifty 

96612°—Bull, 272—15 ‘ 

3 
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cypress about 265 years old (Pl. VII). Outside of these successive 
age classes in the form of concentric rings, the main stand was mostly 
300 to 400 years with a considerable mixture of bays and gum. In 
logging, only a few of the larger trees in the 140-year-old class and 
practically all of the surrounding older stand were taken. 

The subsidence theory.—The theory that the Atlantic and Gulf 
coasts are gradually sinking is held by some to account for the irregu- 

lar and unsatisfactory reproduction of cypress. This theory of a 
general subsidence is one upon which authorities hold quite opposite 
views. Those who believe in subsidence indicate a rate of about 
one-tenth of a foot in a decade. Cypress seed, however, usually 
germinates the first year, and the seedling makes an average growth 
of from 10 to 18 feet in height during the first decade. The prevail- 
ingly better reproduction of cypress on low wet situations than on 
better drained or upbuilding sous, except near salt water, is an 
evidence against the adverse effect of any subsidence that may be 
in progress by either checking the incoming of reproduction or sub- 
sequently retarding its growth. The effects, if any, from subsidence at 
so slow a rate would be more apt to appear in the tree during periods 
measured in centuries than during the few years of the reproduction 
stage. On upbuilding lands cypress is clearly receding before the 
hardwoods, and similarly, the best reproduction of cypress is found 
in very wet situations, where it is equally the dominating and the 
advancing species over all associated swamp hardwoods. 

DEMANDS UPON CLIMATE AND SOIL. 

CLIMATE. 

Cypress grows in a wide range of temperature. Its natural range 
extends from below the frost line in southern Florida northward to 
New Jersey. Its extended potential range takes it northward to a 
line connecting Massachusetts and Michigan, where it experiences 
minimum temperatures of about —20° F. More than 90 per cent of 
the total cypress stand is found at an elevation of less than 100 feet 
above sea level. In the Middle Atlantic coastal States the 100-foot 
contour marks the upper line of elevation, while over the central 
Mississippi Basin the species prevailingly stops at an elevation of 
about 500 feet. Hundreds of miles west of the great coastal swamps 
cypress reaches large size around the edges of deep hollows on the 
Edwards Plateau of Texas at elevations ranging from 1,000 to 1,750 
feet. It appears that atmospheric moisture and rainfall both play 
an unimportant part in the distribution of cypress, as compared with 
soil moisture. 

SOIL. 

Cypress thrives in a wide variety of soils, including muck, clays, 
and the finer sands. It has been commonly reported that sandy 
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soils are very unfavorable, but this is only in part true. Unable to 
thrive in impoverished or sterile sandy soils, cypress stands in a class 
with the ordinary hardwoods as distinguished from most of the other 
conifers, notably the pines. Of these, longleaf pine endures the deep- 
est, driest soils of the South and thus presents the most striking con- 
trast to cypress, since the two occur extensively on adjacent but 
extremely different sites. Sandy soils dry out quickly near the 
surface, thus preventing cypress from getting a foothold in the 
seedling stages. The beds of the larger Atlantic and Gulf coastal 
rivers are composed of varying soils of sandy and silty character. It 
is here that cypress finds the optimum conditions for its develop- 
ment. Except in the extreme northern portions of the State where 
the Lafayette clays are present, cypress in Florida occurs largely in 
sandy soils, but only where soil moisture is abundant and relatively 
permanent. Similarly, in the typical humus soils, such as occur in the 
Everglades, the presence or absence of cypress seems to depend upon 
the depth of surface drying during periods of drought and the presence 
at least of a minimum mineral component in the soul. In the shallow 
ponds scattered over the lower Atlantic and Gulf Coastal Plains, 
where natural conditions for advanced tree growth are decidedly 
unfavorable, both soil and moisture conditions appear singularly 
favorable for cypress-seed germination, and natural reproduction 
here is uniformly the most abundant in the whole geographical range. 
The poorly nourished, inferior form of ‘‘pond”’ cypress is found on 
this class of shallow, poorly drained soils. 
On the whole, it may be stated that cypress finds its most con- 

genial situation for adult growth in a deep, fine, sandy loam supplied 
with an abundance of soil moisture and well drained—the require- 
ments for practically all trees. Cypress is usually found, however, 
in poorly-drained localities. Where cypress does occur on ridges or 
bars it is practically certain that the latter have been built up by 
natural changes and stream deposition since the incoming and early 
stages of thestand. The character of the growth of cypress planted 
on upland soil in the Ohio Valley and the North Atlantic States (see 
p. 64) furnishes corroborative evidence of the general correctness of 
the above conclusions, which were reached through a careful com- 
parative study of the various qualities of situations where cypress 
occurs, and of the respective ages and rates of growth of the stands. 

LIGHT REQUIREMENTS. 

The quantity of light required by a tree for active growth is indi- 
cated by its tolerance. Since the various tree species vary widely 
in their respective demands for light, the tolerance of a species has 
much to do with its manner of occurrence in the forest stand. Cypress 
is able to endure partial shading for periods of considerable length, 
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but requires a good degree of overhead light for normal growth. 
Under moderate shadingit makes a persistent but less rapid growth 
than in the open. Since there is no fixed scale for gradimg trees in 
respect to their tolerance, general classes only are used. Cypress is 
undoubtedly to be classed as moderate, or about midway, in the 
scale of tolerance. It appears to thrive with less light than tupelo 
eum, cottonwood, honey iocust, red gum, ash, and willow, but requires 
more light than red maple, oaks, elm, hackberry, black gum, slash 
pine, and white cedar. Overhead light is required, but side shading 
accelerates height growth and natural pruning of limbs. In full 
stands cypress characteristically has a clean, smooth stem and small 
crown. In other words, it cleans itself readily of branches. The 
narrow-leaf form, or ‘‘pond”’ cypress, 1s less tolerant of shade than 
the broader, two-ranked or regular form of cypress. 

SUSCEPTIBILITY TO INJURY. 

In comparison with the important southern pines and hardwoods 
ypress ranks high in resistance to injury. The thin bark offers 

slight protection against fires, but these rarely occur in cypress 
stands except along the narrow margins of the deep swamps and 
over theshallow ponds. Atintervals of many years dry periods occur, 
during which fire does considerable injury in the larger swamps. 
The general fire risk, however, in timber and logging is practically 
negligible. Insect attack on living trees may likewise be counted as 
of little consequence, and up to the age of 200 years, or about the 
average life of its common associates, cypress suffers only small 
injury from fungous disease. 

CAUSE OF PECKY CYPRESS. 

DEMS (Se The fungus causing the well-known ‘‘pecky,” ‘‘pegey,” or “‘botty”’ 
cypress is present everywhere and in varying degree, but more par- 
ticularly in virgin cypress stands during the overmature stage. It 
is found in all ages down to saplings, and occasionally infests stands 
from 75 to 150 years old. This fungus attacks only the heartwood 
of living trees, and destroys the wood in spots. The rate of growth 
and progress of infestation is very slow. The isolated disease centers 
gradually increase in size and force, resulting eventually in the 
destruction of all intervening wood and the formation of hollow 
limbs and trunk. 

The life history of this fungus eluded careful investigation and was 
for many years only partially known. Von Schrenk made detailed 
investigations of the nature of pecky cypress,! and pointed out the 
striking similarity of the disease to the peculiar honeycomb rot im 
incense cedar (Libocedrus decurrens Torr.), a species of the Pacific 

1 Von Schrenk, Hermann, Missouri Botanical Gardens, 11th Annual Report, 1900, pp. 23-77. 
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coast which, like cypress, represents the flora of a previous geologic 
epoch. He did not, however, determine the cause of the disease. 
The junipers also are affected in asomewhat similar manner. Among 
other things, Von Schrenk pointed out that pecky cypress is most 
prevalent in the southern range, and decreases in amount toward the 
north in the colder climate. Investigations by the Bureau of Plant 
Industry, United States Department of Agriculture, in 1913, led to the 
discovery by Long? of the ‘‘punks”’ or fruiting bodies of this fungus on 
cypress and its identification as Fomes geotropus Cooke, a tropical and 
subtropical species infesting many of our southern hardwoods, and 
closely related to Fomes ulmarius Fries. of Europe. In the base, 
the presence of water in abundance causes vigorous activity, and the 
entire heartwood is frequently destroyed, leaving hollow butts. 
The fungus is most prevalent, however, in the upper portions of trees, 
where it gains entrance, presumably, through wounds in the bark. 
On account of lack of sufficient moisture, its growth here is very 
slow. In the case of broken-off tops, cavities are formed in which 
rain water collects, thus affording conditions of moisture and free air 
circulation favorable to the leaching and disintegration of the resin 
in the wood and the resultant advance of the fungus. Loggers some- 
times discover large, apparently sound cypress trunks consisting of 
only ashell of sapwood above the base. The pecky fungus is perhaps 
indirectly the most active cause of the death of cypress, since it eats 
out the supporting heartwood, allowing the wind to tear down piece 
by piece the remaining portions of the tree. As indicated on page 16, 
pecky cypress is one of the standard grades of lumber. Because it is 
strong in proportion to its weight and because, so far as is known, 
its lasting qualities are not affected, it is valuable, and is used exten- 
sively for many purposes. 

The immunity of cypress wood to bluing gives it a marked economic 
advantage both in logging and milling. At present great numbers of 
logs that have lain for 15 to 25 years in the swamp are being utilized. 
The lumber from such logs averages somewhat darker in color, but in 
general can not be distinguished from stock freshly felled. 

INSECT DAMAGE. 

Extensive investigations conducted by the Bureau of Entomology, 
United States Department of Agriculture, show that the principal 
insect damage to bald cypress is that caused by several species of 
pinhole borers or ambrosia beetles in the wood of girdled trees, logs 
cut from living trees, and freshly sawed lumber. 

For full information regarding this kind of injury and the methods 
recommended for preventing losses, the reader is referred to Circular 

1 Long, W. H. A preliminary note on the cause of “pecky” cypress. Phytopathology 4, No. 1: 39, 

F., 1914. 
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82 of the Bureau of Entomology, United States Department of Agri- 
culture, entitled ‘‘Pinhole Injury to Girdled Cypress in the South 
Atlantic and Gulf States;”’ also Circular 128 of the same bureau, * 
entitled, ‘‘Insect Injuries to Forest Products.” 

WIND. 

Wind causes shake in the wood, and breaks down living trees when 
badly weakened by decay. The majority of trees, especially the 
veterans, reach their death through the combined agencies of the 
pecky fungus, causing hollow hearts, and wind pressure. Strong 
inshore gales combined with periodic high seas produce storm tides 
which invade and submerge large areas not usually reached by salt 
water. Unable to withstand exposure of this sort, the cypress in low 
seacoast swamps is sometimes badly injured both by the saline 
matter in solution and the mechanical force of high waves. Probably 
this in great measure accounts for the large amount of defective 
cypress sometimes seen along the coast, particularly on low advancing 
river estuaries and deltas. The breaking of protecting barrier sand 
reefs, the opening of tidal inlets, and other local changes in shore lines 
sometimes cause a permanent invasion by the sea which injures or 
kills the standing forest. 

EFFECT OF SUBMERGENCE. 

The effect of permanent submergence upon the subsequent growth 
of cypress depends chiefly upon the rate at which it takes place and — 
the amount of deposition which results. The tree is apparently not 
injured by deep submergence for periods of a few weeks only. In- 
stances of rapid inundation by the sudden subsidence of land areas 
are rather frequent over the comparatively recent land formations 
where cypress finds its home. Shaler? cites a conspicuous instance 
in the Mississippi basin of western Tennessee in which extensive tracts 
of cypress land were flooded by subsidence accompanying the earth- 
quake of 1811. Wherever the sinking brought the water permanently 
to a considerable depth above the former level the trees died. About 
1870 he observed that Reelfoot and other lakes were covered by the 
stately columns of the trees thus killed during the lapse of over two- 
thirds of a century. Near the outer margins the trees survived. In 
artificial flooding, where the permanent water level is brought above 
the knees, the trees have been reported by some observers to ba 
injured or killed. 

1 The supply of Circular 82 is exhausted; Circular 128 is listed as available from the Superintendent of 

Documents, Washington, D. C., price, 5 cents. Both are on file in all larger public libraries. 

2 Memoirs of Museum of Comparative Zoology, Harvard College, Vol. XVI, pp. 1-11. 
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In Chipola Lakes (locally known as ‘Dead Lakes’’), tributary to 
the Apalachicola River in Florida, a subsidence of from 3 to 6 feet 
has been followed by the gradual dying of a heavy, pure cypress 
stand over a nonalluvial area about 10 miles long by about half a 
mile in width. Many trees, however, still persist with a fragment of 
life after standing in clear water about 70 years. Repeated top fires, 
started by fishermen and others, during dry seasons, in the dense 
festoons of Spanish moss have left clear evidence of their part in the 
killing of the stand. On adjacent lands along the Apalachicola River, 
where alluvial deposits kept pace with the subsidence, the bases of 
mature cypress trees lie deeply buried, yet very old trees are still 
living. A splendid young stand of cypress and ash about 48 years 
old covers the deep, rich alluvial soul, indicating the close of the period 
of rapid subsidence. The effect of draining swamp lands is discussed 
on page 53, where it is shown that the effect of ordinary draining is 
slight. 

GROWTH. 

In considering the growth in diameter, height, and volume, it is 
essential to distinguish clearly between trees grown in the virgin 
forest and those grown in the open, or second growth. Because the 
rate of development is so widely different in the two cases, it is essen- 
tial to have two sets of tables for comparison. Measurements indi- 
cate little difference in the rate of growth of cypress between the 
warmer and the cooler regions of its natural distribution. Trees 
planted in Pennsylvania and Ohio, north of its natural range, are 
growing about as rapidly as the natural growth in various parts of 
the South.* 
Wounds in the bark are healed at the rapid rate of three-fourths 

to 1 inch per year on each side of the wound. One tree 330 years old 
overgrew a fire scar 6.8 inches across in 4 years. Most remarkable is 
the continuance of life in the stump sometimes for several years with- 
out the formation of vegetative sprouts. In this manner the tops of 
stumps from 18 to 24 inches across occasionally are found fully 
calloused over and living several years after cutting. 

GROWTH IN HEIGHT. 

Cypress seedlings grow at a very rapid rate. This aids the young 
tree in reaching above the ordinary levels of surface water. Few if 
any conifers besides cypress commonly reach heights of from 8 to 14 
inches the first season and from 16 to 24 inches the second season. 
(See Table 6.) 

1 See “‘ Cypress under Cultivation,” p. 64. 
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TABLE 6.—Height growth of cypress saplings under full light in southern Louisiana.* 

Age. Height. Age. Height. Age. Height. 

Years. Feet. Years. Feet. Years. Years. 
Des Se 0.8 Ds a or nee 5.5 Be ae ces 11.4 
Dhak aver 67 Gree ores 7.0 Oyihs, Ses 14.8 
eke cee 3.0 (eee eee as 9.0 1 ee Sens 18.8 
A Merge ER 4.3 

1 Based upon age counts of 119 trees from 3 to 32 years old. This and the following tables of growthand 
volume in Louisiana are based on measurements by F. T. McLean, Forest Examiner, Forest Srevice. 

Second-growth or open-grown cypress in Louisiana averages 16 
or 18 feet in height at 10 years, 31 feet at 20 years, and continues at 
a gradually diminishing rate until it reaches a full height of about 100 
feet in the first 100 years. The height continues to increase during 
the next one to three centuries; then the fungus causing pecky 
cypress disintegrates the heartwood in the top and winds start the 
downward or backward stage in the height of the tree. The average 
heights of stands 350 to 500 years old are perhaps about the same as 
young virgin stands at 60 to 80 years; the prime stage in respect to 
height is approximately from 150 to 300 years. Individuals which 
live to be 600 years old probably spend about one-half of their time 
in the decadent stage.! 

Table 7 shows the height at various ages up to 100 years of second- 
growth cypress in Maryland and Louisiana supplied with abundant 
overhead light, as, for example, in logged areas. While the height 
erowth of virgin stands may be interesting, knowledge of the rate of 
growth of younger stands is more valuable in figuring the profitable- 
ness of managing young cypress forests. The three columns of 
erowth in Table 7 represent three grades of favorableness of situation. 
In comparison, the slow height growth shown in Table 8 of trees 
erown under the heavy shade of virgin forests is very striking. 

TaBLE 7.—Height of second-growth cypress on the basis of age. 

Height. 

Age. Maryland.2 Louisiana.3 

Maximum.| Average. | Minimum. |Maximum.| Average. | Minimum. 

Fect. Feet. Treet. Feet. Feet. Feet. 
26 1 3 24 17 9 
44 22 i 45 31 17 
58 33 12 61 43 26 
71 46 18 75 54 34 
82 60 25 86 65 43 
91 72 32 97 74 51 
99 81 DO nll sevayete orcas 83 60 

106 88 GABE hehe. Sakae 92 69 
113 95 SOMA ease ON a 101 78 
119 101 ESAS ele Ls re 109 86 

1 Acknowledgment is made to Mr. George E. Watson, secretary of the Southern Cypress Manufacturers’ 
Association, and various operating members of the association, for assistance rendered the writer in the 
collection of field data used in the bulletin. 

2 Based on sectional age counts of 68 trees, also total heights of 221 additional trees 6 to 103 years old. 

8 Based on sectional age counts of 42 trees 38 to 89 years old. 
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Height (Feet) = Diameter(inches) 

70 | 08 

65 | 20 

60 

AVERAGE SECOND GROWTH CYPRESS ON CUT-OVER LANDS. (GRAND RIVER BASIN. LA.) 

Height, 74 feet; diameter (breasthigh), 13 inches; age, 48 years. Compare with virgin forest 
growth, Plate X, figure 1, 
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TaBLE 8.—Height of cypress growing in virgin stands, on the basis of age. 

Height. 

Age. Louisiana.! Maryland.? 

Maximum.| Average. | Minimum. |Maximum.| Average. | Minimum. 

Years. Feet. Feet. Feet. Feet. Feet. Feet. 
10 25 15 5 16 11 4 
20 49 30 10 33 23 8 
30 65 40 15 48 35 12 
40 74 47 20 62 46 iN7/ 
50 80 53 25 74 56 22 
60 85 58 30 83 65 29 
7 90 63 35 90 73 35 
80 93 67 40 97 80 42 
90 96 70 44 103 86 48 
100 99 74 49 108 91 53 
110 101 77 53 113 96 58 
120 103 81 58 118 100 62 
130 105 84 62 122 104 66 
140 107 87 66 125 107 70 
150 108 89 70 129 110 74 
160 109 91 73 132 113 7 
170 110 93 76 136 116 79 
180 111 95 79 139 118 82 
190 112 97 81 142 121 85 
200 113 98 83 146 124 87 
210 114 99 ESE MNF ar ed NOR Te La goa (Pe oe 
220 115 100 PE r Saco cate Sal ASU ESET Sep cere tat 
230 115 101 DN ie Sises SOS SS a Ee ER See Oicek Sere tee 
240 116 102 BY feu poi oe ees NBER See Eee eee 
250 117 103 tote SS Sale CES Sl RR TE [ee eee es 

1 Based on sectional age counts of 73 trees, 88 to 793 years old. 
2 Based on sectional age counts on 22 trees, also total heights of 77 additional trees, 104 to 199 years old. . 

Cypress, like shortleaf and loblolly pies, culminates its rate of 
height growth usually in the second decade. Both of the pines, 
however, make a somewhat faster average annual growth than cy- 
press. Second-growth cypress in Louisiana, exposed freely to over- 
head light, increase about 12 feet in the period between the ages of 
20 and 30 years, while loblolly pie in North Carolina averages about 
15 feet. In virgin stands the young trees grow up under more or 
less overhead shade due to the height and density of the cypress 
canopy, with the result of a decrease in growth. The growth by 
decades of cypress and loblolly pine is shown in Table 9. 

Tape 9.—T/feight growth by decades for virgin and second-growth cypress in Louisiana * 
and wor ere ee in North Carolina.” 

Decade beginning at age of— 

Species. 20 | 30 | 40 | 50 | 60 70 80 130 | 140 

| 

' 

| 

90 | 100 | 110 | 120 

Height growth—feet. 

Virgine 
DEEN a ox oo 2 « 10 ik 6 5 5 4 4 4 4 4 3 3 2 

Second- 

growth cy- 
press.... J 

J sblolly pine. iF bo A) oa = a b SS —) 

1 See Tables 6, 7 f and 8. 
2 Ashe, W. W., Loblolly pine study in North Carolina. Based upon about 1,000 trees. 
Le igures not available. 
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The slower initial but more sustained rate of growth im cypress as 
compared with the faster initial growth but earlier decline in rate in 
loblolly pine is clearly seen in Table 9. It is quite notable that 
between the ages of 90 and 100 years the two species are growing in 
height at about the same rate, and afterwards cypress leads until 
about 150 years. In the second century, loblolly pme averages 20 
feet and cypress 24 feet of growth in height. The region of greatest 
height for cypress is apparently in South Carolina and Georgia, 
where also probably occurs the largest average diameter. Stands 
frequently average 125 feet in height, and individual trees 140 feet 
high are scattered through the forest. 

GROWTH IN DIAMETER. 

Cypress is popularly considered a tree of very slow growth. This 
belief is due to the slow rate of growth of virgin timber, and is justi- 
fied. by measurements shown in Table 12. In regard to second- 
srowth or open-grown cypress the case is very different. The diam- 
eter growth of the latter, shown in Table 11, compares well with that 
of the more important southern hardwoods and some of the pines. 

Annual increase in diameter is markedly irregular in individuals 
from year to year, or in successive periods of years. Cypress is 
extremely persistent in diameter growth. Old hollow trees grow 
steadily at about the same annual rate for several centuries.t_ In this 
character, cypress closely resembles the redwoods of the western 
United States, in contrast with the southern pies, which at a very 
much earlier age fall off in the rate of their diameter imcrement. 
Table 10 shows that there is little variation during the first 200 years 
in rate of growth at breastheight of virgin cypress in Louisiana. 
Second-growth in Maryland, between 60 and 100 years, is very 
uniform at a rate of 1 inch in every 5 years. 

Measurements on trees up to 800 and 900 years old show the 
beginning of a marked decline in diameter growth at points varying 
from 350 to 500 years, and occasionally not until the tree reaches the 
age of 600 years. 

1 Annual rings of growth on the swell-butted stump of cypress are very faintly marked lines often 

difficult to distinguish. False rings consisting of well-marked brown bands or stains are numerous, 

especially in early life, and easily mistaken for true rings unless close attention is given. 
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Taste 10.—Diameter of a 900-year-old cypress at the end of successive 50-year periods 
(Louisiana) .+ 

Time Time 
Age. Diameter. | required to Age. Diameter. | required to 

; grow linch. grow Linch. 

Years. Inches. Years. Years. Inches. Years. 
50 6.0 8.3 500 65.8 8.6 
100 12.5 Tint 550 72.5 feo 
150 18.5 8.3 600 79.0 Wet 
200 25.9 6.8 650 84.2 9.6 
250 32.4 Tet 700 87.8 13.9 
300 39.4 aul 750 91.2 14.7 
350 46.1 Wold 800 94.1 17.2 
400 54.0 6.3 850 98. 6 iiloal 
450 60.0 8.3 900 103.2 10.9 

1 Measurements at breastheight on the stump, inside bark, taken along an average radius, doubled to 
obtain diameters. Lake Maurepas region, Livingston Parish, La. Total age of tree, 915 years. 

Tasie 11.—Diameter increase of second-growth cypress in Maryland, based on age.) 

Diameter outside bark at 20 feet Diameter breast high. above ground. 

Age. 

Maximum.| Average. | Minimum. |Maximum.|} Average. | Minimum. 

Years.| Inches. Inches. Inches. Inches. Inches. Inches. 
10 eal ial 0.4 OHOMB asco seas | mete meeane 
20 10.0 3.5 12 7.8 Pea 0.2 
30 14.2 6. 2 2.2 il 4.5 1.0 
40 17.6 8.7 3.3 13.8 6.7 1.9 
50 20.5 11.1 4.4 15.6 8.7 3.0 
60 23.2 13.3 5.8 16.9 10. 4 4.1 
70 25.8 15.3 7.2 17.9 PA ah 5.4 
80 28.6 17.3 8.9 18.9 13.6 6.9 
90 30.8 19.3 11.0 19.8 15.0 8.6 
100 33.3 21.3 13.2 20.6 16.1 10.3 

1 Based on decade measurements on 237 stumps of trees 7 to 101 years old. 

Because of the enlarged base of cypress in very wet soils the 
breast-high diameter (4.5 feet above the ground) is not a good 
index to the volume of the tree trunk, except after middle life. At 
the height of about 20 feet (about the top of the first 16-foot log) 
the character of diameter growth is comparable with that at breast- 
height of common upland trees and serves well as an index to the 
contents of the whole tree. Table 11 indicates that a butt log 
8 inches at the top end? can be grown in about 46 years, a 12-inch 
log in 70 years, and a 16-inch log in 100 years. 

The trees of the virgin forest started, as a rule, under a moderate 
or light overhead shade, and their growth was therefore slower than 
than that of young trees either in natural stands in logged forest 
areas or in stands thinned under intensive forest management. 

1 Diameter inside bark, allowing 4 inch for width of bark. 

2 The large basal swell and close utilization in milling give overruns estimated at 25 to 40 per cent, and 

more in young and deeply submerged timber. 
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TABLE 12.—Diameter of virgin cypress in Louisiana, based on age.1 

Diamueies | Diameter 

Diameter outside Diameter outside 
Age. F bark 20 feet Age. ° bark 20 feet 8 breast high. earn breast high. ain 

ground. ground. 

Years. Inches. Inches. Years. Inches. Inches. 
10 UBtcieml Bees esocscad 110 12.8 Hee 
20 D3. ho Bat eae eres 120 IBS 7 8.0 
30 3b 7 0.6 130 14.6 8.7 
40 5.0 1.5 140 15.5 9.4 
50 6.2 2.4 150 16.3 10.0 
60 ee 3.2 160 ily i 10.6 
7 8.6 4.1 170 17.8 11.2 
80 9.7 4.9 180 18.6 11.8 
90 10.8 7 190 19.3 12.3 

100 11.8 6.5 200 20.0 12.8 

1 Based on decade measurements on 68 stumps, 92 to 791 years old (average, 263 years). 

There is good evidence based upon the measurement of a large 
number of trees that diameter growth of cypress under similar local 
situations over its northern range, for example Missouri and Mary- 
land, is practically the same as throughout the Southern States. In 
strongly acid and shallow soil, where growth is exceedingly slow, 
trees from 8 to 10 inches at breastheight may be from 180 to 240 years 
old. 

GROWTH IN VOLUME. 

The combined growth in height and diameter determines the growth 
of a tree in volume. Commercially it is very desirable that the 
volume increment be made by trees as cylindrical in form and free 
of branches as possible. 

Large cypress trees, measuring from 5 to 8 feet in diameter, often 
contain from 5,000 to 10,000 board feet of merchantable lumber. A 

4-log tree in the Okefinokee Swamp scaled 6,875 board feet,’ a 5-log 
tree scaled 12,025 feet, and 3 logs from one tree cut 9,900 feet mill 

scale. <A 5-log tree on the St. Johns River in Florida cut out 9,600 
feet. There is record on the Santee River, South Carolina, of one 
22-foot log scaling 4,000 board feet. In stands running from 12 to 
16 inches in diameter, as many as 10 to 15 logs are required for a 
thousand board feet. The log run probably averages now mostly 
between 3 and 5 logs per thousand,? although the size of the cypress 
logged in the same region varies greatly. In 12 consecutive days 
in 1913 one large company in southern Louisiana, which is clean- 
cutting a typical deep cypress swamp, hauled out 2,742,000 feet, 
averaging a little less than 5 logs per thousand feet, or about 208 
feet per log. 

Tables 16 and 17, given in discussing the value of the timber crop, 
show the relation between increase in diameter and volume. Volume 

1 Doyle scale. 

2 In 1897 in a typical logging operation, Roth found an average of 10,000 logs to run about 300 feet, or 34 

logs to the thousand board feet. 



THE SOUTHERN CYPRESS. 45 

tables showing cubic volume based upon the diameter of the tree 
measured outside the bark at the middle point of the trunk (‘‘Schif- 
fel’s”” method) are being increasingly used. Strangely, this middle- 
point method when applied to cypress gives very accurate results 
compared with the actual log volume.1- Forty trees from 11 to 56 
inches in diameter showed an error of only 0.2 per cent. 

TAPER. 

The taper of cypress above the basal swell is considerable in very 
young and in isolated trees, moderate later in life, and, in forest 
stands, very slight at maturity. The amount and variation in the 
basal swell have been discussed on page 24. One tree on the Santee 
River, South Carolina, tapered 5 inches, or from 54 to 49 inches, in a 
cut of four 16-foot logs. A taper of 2 inches to each 16-foot log pre- 
vails with singular uniformity in middle life, and may be accepted 
as an approximate rule. Table 22 in the Appendix shows the diame- | 
ters at various heights above the ground up to 5 feet. The actual 
taper of cypress is usually greatly overestimated because of the 
striking comparison with the enlarged base. Judging from all 
measurements, the stem of cypress above the basal swell does not 
differ greatly in its taper from that of the southern pines. 

EFFECT OF DRAINAGE UPON CYPRESS GROWTH. 

Although essentially a silvical question, the effect of drainmg upon 
the growth of cypress is of interest in a general discussion of swamp- 
land reclamation. While there is insufficient direct evidence and no 
experimental data in regard to the effect of heavy draining upon the 
growth of cypress, certain conclusions may be stated tentatively. 

A sudden and decided lowering in the permanent water level is 
very likely to produce injurious results to tree growth by the dis- 
turbance in the former equilibrium between the root system and 
water supply. Cypress is believed to possess to a large degree the 
power of adjusting its root system to meet its requirements for 
growth under a gradual reduction in the soil water. A mature 
cypress stand at Walls, Miss., was in a healthy condition when cut 
in 1913, 15 years flor the deep but gradual draining of the 
slough in which it grew.?, Mr. H. B. Hewes,’ Jeanerette, La., how- 
ever, states that cypress on lands in Avoyelles Parish, La. Taney 
‘élaimad by levees along the Atchafalaya River, ited examined 
showed considerable decay at the bases of the trees. A moderate 
amount of | dramage will undoubtedly be as be neficial to cypress as 

1 Tables 18 to 21 in the Appendix show the volumes of cypress in Maryland, South Carolina, and hoe 

jana. 

2 Wallis, W. K., Civil Engineer, Walls, Miss. 

*Chairman of a special committee of the Southern Cypress Manufacturers’ Association, New Orleans, 

La., for studying the utilization of cut-over lands. 
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to various other species when growing in an excess of water. Tem- 
porary effects must always be distinguished from permanent injury or 
benefit, and further detailed observations before and at successive 
periods following the drainage will be necessary in the case of cypress 
before the effects can be completely stated. 

CYPRESS STANDS. 

Cypress occurs both in pure stands and in mixture with various 
hardwoods. It may be said to be a tree of even-aged groups within 
all-aged stands. This is due to the very intimate relation between 
water level and successful seed germination mentioned in the discus- 
sion of reproduction and the transitory character of swamps as com- 
pared with dry-land farms. In considering trees in the aggregate, or 
stands, it is essential to know (1) the composition of the stand, and (2) 

the amount of timber produced per acre under different conditions, 
or the yield. 

PURE STANDS. 

Cypress forms practically pure stands in the back swamps, ox- 
bows, or cut-offs, and the deep swampy portions of alluvial river 
flood plains. These places are commonly known as “‘sloughs” and 
the bodies of pure cypress as ‘‘cypress brakes.”’ In the large inland 
swamps of the Atlantic Coastal Plain pure stands of cypress occur in 
the form of concentric rings of progressive-age classes around the 
bodies of open water. The home of the pure or nearly pure cypress 
forests of large extent is in Louisiana and Florida, in deep swamps 
overflowed for a portion of the year. Pure stands of cypress, although 
widely distributed, are local rather than regional in their occurrence. 
Cypress is characteristically the dominant tree wherever it occurs. 
The number of trees per acre and the amount of timber in pure stands 
is discussed on page 48, under the subject of ‘‘ Yields.” 

MIXED STANDS. 

The home of the mixed cypress and hardwood forest is on the 
undulating portions of swamps, known as glades. These occupy an 
intermediate position between the ridge on one side and the slough 
or back swamp on the other (see figs. 2 and 3, p. 22). In wet or 
swampy situations in the Southern States slight differences in the lay 
of the land, with accompanying differences in moisture content, cause 
a wide diversity in the character of the forest stand. The glade for- 
mation is the prevailing type over much of the southern swamp lands. 
During periods of high water the glades are overflowed for several weeks 
at a time, but become partially drained after the floods disappear. 
The average water table is usually from 1 to 2 feet below the surface. 
Over the glades cypress is supreme in all the depressions and water 
holes, and occurs both in groups and in pure stands. 
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TaBLE 13.—Composition of typical mixed cypress and hardwood stands in Maryland and 
South Carolina. 

Species. 

Trees per acre and relative importance in 
the stand. 

Maryland (average | South Carolina (ay- 
of 103 acres). erage of 599 acres). 

Trees. |Percent.| Trees. | Per cent. 

TET ES SESS AEN See ea a RISEN 38. 92 23.53 58. 14 45.19 
LUE RTD. Se dce 3 Bee rete eee es 35. 46 21.44 23. 99 18. 65 
EBT. TEE TEL (se eee ee ee 31. 67 19.15 5. 59 4.34 
EenpEST Pees er oe SEE ee et ie Ps oo 8 iets SED TRESS 22.01 13.31 3.33 2. 59 
wi Phe nce fee eee i eee orcas 13. 89 8. 40 90 -70 
TOT. 1-0-2 SILER Se ee oe oe Zot 4.69 23 .18 
(TFFIRITDD LL - pois SES Re Sn ene aa re meee pie a 6.18 SNE) See nasacal tocespaded 
ade DS conte le eS es as ee ee ee ee 1.83 1.11 2.29 1.78 
WEEE GET 5 oC AR SB See eee Ee 2.22 1.34 40 31 
Wiplomano plat sept. 2 eae Ps -eie ne Se sets e se = -2 nc clege sec beeene 01 -O1 1.08 84 
LEGIT tes Soe SARS eae eae ly rr 01 -O1 18 14 
PE TyU ie 52425 5 Soe eee eee a a ee 1.06 - 64 14 11 
PETIT 2 cb SE eS SE eR a a 1.71 1.03 -05 04 
PCR RISE HIF ots Gs Sse otis bee Sea oeus se seeeeeeens 56 234 -04 -03 
WHO orc acta tes See BES ees eee tena Go GLE 2s .52 Boi lees ee ncicis| Serene ames 
PPESHATIN QH eef oiays Sob shail alata: cia) « on Saye aioe aes SORES .13 BOSH Geciemina ec nisemecteieiee 
LES GE UTE - p45 5 Se AOR ea ca a ya ne 58 OD) | Serctainrei scree settomeees 
PREM E Cee  Pe esa eee is ci ek Sah. Liat ae aoe sepa Se Sawa: [Se clce Sele w 55 -43 
EGIL (ane CUA Ge a am aN ED Re Mao i oar-ce  ut 88 53 31.45 24, 45 
DEE EBT See a Oe a Eee oe rs ef [Pa eo Se 28 322 

INGUIN Ne Pel Se oes an ici o eee Silo e402 ditnie we Mace aaa 165. 40 100. 00 128. 64 100. 00 

Cypress is a tree of relatively few associates. 
woods, with the exception of southern white cedar. 

These are all hard- 

Preeminent 

among all associated species in the deeper and fresher waters from 
Virginia to Texas is tupelo gum. 

In the inland, poorly drained, nonalluyial and peaty swamps over 
the Atlantic Coastal Plain black gum holds nearly the same rank. 
Other species associated with cypress are water ash, water locust, 
white or swamp bay, and red bay on the Atlantic coast; these and 
the cabbage palmetto, willow oak, and water oak in Florida, and in 
Louisiana the willows and tupelo gum. 

On the higher and drier portions of the glades in southern Louisi- 
ana, where cypress is not reproductive, the heavy forest is com- 

1 Common and botanical names of species mentioned in this and other paragraphs of this bulletin: 

Tupelo gum (Nyssa aquatica Linn.). 

Black gum (Nyssa sylvatica Marsh). 

Water gum (Nyssa biflora Malt.). 

Red gum (Liguidambar styracifiva Linn.). 

Water oak (Quercus nigra Linn.). 

Overcup oak (Quercus lyrata Walt.). 

Willow oak (Quercus phellos Linn.). 

Red oak (Quercus rubra Linn.). 

Swamp white oak (Quercus platanoides Sudw.). 
White bay (Magnolia glauca Linn.). 

Red bay (Gordonia lasiantha F1l1.). 

Cabbage palmetto (Sabal palmetto Roem.). 

Red maple (Acer rubrum Linn.). 

Cottonwood (Populus deltoides Marsh). 

Water ash ( Prazinus caroliniana Mill.). 

Florida ash ( Frazinus floridana Sarg.). 
Green ash ( Frazinus lanceolata Borkh.). 

White ash ( Frazinus americana Linn.). 
Hackberry ( Celtis occidentalis Linn.). 

Honey locust (Gleditsia triacanthus Linn.). 

Water locust (Gleditsia aquatica Marsh). 

White elm (Ulmus americana Linn.). 

Shipping elm (Ulmus fulva Michx.). 

White cedar ( Chamaecyparis thyoides Britt.). 
Slash pine (Pinus caribea Morelet). 

Spruce pine (Pinus glabra Walt.). 

Pond pine (Pinus scrotina Michx.). 

Longleaf pine (Pinus palustris Mill.). 
Loblolly pine (Pinus taeda Linn.). 

Shortleaf pine (Pinus echinata Mill.), 
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posed chiefly of red maple, water oak, red oak, ash, honey locust, 
hackberry, and red gum, in association with mature cypress. In 
southeastern Mississippi a tract of 807 acres, mostly overflowed in 
winter and spring, contains the following hardwood associates of 
cypress, stated in the order of their relative importance: Ash, white 
and red elm, red maple, red and tupelo gums, various oaks, hack- 
berry, hickory, and cottonwood. In all of these higher glades groups 
of pure cypress occur in the depressions, and elsewhere older trees 
are scattered in mixture with the hardwoods. The gradual shifting 
of the main currents during floods produces changes in the location 
and height of the ridges in the glades, together with corresponding 
changes in the composition of the forest due to the different moisture 
requirements of the various species. 

Over the southern Atlantic Coastal Plain, mature red gum, over- 
cup oak, water elm, water and Florida ash, and bitternut hickory 
occupy the low ridges in the large river swamps. Tupelo gum, water 
ash, and smail amounts of cottonwood and water locust, along with 
cypress, stand in water during much of the year. Two other types 
in this region are found in the nonalluvial Dismal and Okefinokee 
Swamps, and the mixed white cedar and cypress swamps from Vir- 
ginia to Florida. The Okefinokee forest is made up essentially of 
heavy stands of pure cypress over the younger and middle-aged por- 
tions, and a dense hardwood forest with scattermg veteran cypress 
over the older-aged portions of the swamp (fig. 3). Among the hard- 
woods, black gum leads, and there is much white bay, red bay, red 
maple, and willow and water oak. ‘The more valuable yellow poplar, 
red gum, and ash, if present, are in very small quantities. The 
white cedar peat swamps contain varying mixtures of cypress and 
white cedar, with pond and slash pine around the borders. 

Along the swamp borders cypress closely meets the many conifers 
and hardwoods which compose the upland forests of the Southeast. 
The small cypress ponds of the flat, pine-barren type contain small 
amounts of water gum, a dwarf form of the black gum, while pond, 
spruce, and slash pines are encroaching actively from the outside 
as the ponds become drier through the destruction of the surrounding 
pine forest. 

YIELD. 

In pure stands and in the better cypress regions of the Southern 
States, particularly Louisiana and Florida, virgin cypress yields of 
8,000 to 14,000 board feet per acre are not uncommon over tracts 
several hundred miles in extent. The size of the trees and density, 
or number of trees per acre, is very irregular. In a few localities 
manufacturers are now cutting bodies of pure cypress containing a 
total of up to 100,000,000 feet, which will average more than 20,000 
feet per acre. 
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In many important timber species a commonly accepted standard 
of the “‘cut” of average stands becomes well established. Thus, in 
the better cypress regions, a cut of 12,000 to 15,000 feet per acre is 
a recognized standard over large areas. One fully stocked cypress 
stand of mixed ages along the Apalachicola River in Florida, ranging 
from large mature trees 40 inches in diameter down to 10-inch trees, 
contained an average of 112 cypresses and 48 hardwoods (chiefly 
tupelo gum), or a total of 160 trees per acre. The indicated yield, 
by Doyle rule (Appendix, Table 20), after allowing 20 per cent for 
defect, was 43,600 feet of cypress per acre. In Louisiana, an average 
yield of 45,000 feet per acre is limited to relatively small areas of 
timber. Maximum yields of virgin cypress of from 50,000 to 60,000 
per acre occur on small tracts or cypress ‘‘ brakes’”’ in the most favor- 
able situations. Stands are reported as having cut 100,000 feet on 
selected acres. One acre on Grand River, Louisiana, was estimated 

by an experienced lumberman to contain 127,000 feet of merchant- 
able cypress.1 

The best cut in several years in a representative region in the Grand 
River basin in southern Louisiana was an average of 35,000 feet per 
acre from a 40-acre tract, or a total of 1,400,000 board feet. Dur- 
ing a period of 50 years or more early float logging culled out many 
individual cypress trees, mostly in localities subject to periodic high 
water and near main water courses. The average yield per acre, also — 
the average grade, increases notably in many logging operations upon 
working away from the water fronts farther back into the deep 
swamps. 
A 30-year old stand of cypress in an old cutting ah Louisiana, 

where sufficient seed trees had been left, contained an average of 
340 trees per acre about 5 inches in diameter at breastheight. Mature 
cypress stands, from 250 to 350 years old and well stocked, usually 
contain from 40 to 60 trees per acre. In more scattered and typical 
stands, in some regions, the trees from 12 to 20 inches in diameter 
may average about 40 trees per acre, older timber from 18 to 24 
inches in diameter about 30 trees per acre, and stands of large trees 
from 2 to 4 feet in diameter mostly from 15 to 20 trees per acre over 
large areas. 

The number of trees per acre and the size of the individual trees 
both show great irregularity in tracts as small as 40 acres. Cypress 
occurs mostly in all-aged stands made up of several even-aged 
classes. As virgin timber becomes more scarce and second-growth 
cypress more valuable and important there will be need for yield 
tables of fully stocked pure stands for use in calculating future yields 
and returns from management. 
_ a — — ee) 

1Capt. E. T. Forgey, Morgan, Le a. 

96612°—Bull. 272—15—-4 
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FOREST MANAGEMENT. 

The possibilities of cypress as a tree of large commercial impor- 
tance under forest management in the future depends very largely 
on the extent to which denuded swamp lands can be utilized. Obvi- 
ously, these lands if drained would be very valuable for agricultural 
use. Therefore a discussion of the probability of the lands being suc- 
cessfully adapted to agriculture is a prerequisite to the consideration 
of the advantages, aim, and methods of forest management. 

FUTURE UTILIZATION OF CYPRESS LANDS. 

AREA AND OWNERSHIP OF PERMANENT SWAMP LANDS. 

Of the various classes of swamp lands requirmg drainage to fit 
them for profitable cultivation, cypress occupies the extreme class 
known as “permanent” swamps. These lands are never fit for culti- 
vation in their natural state, even during the most favorable seasons, 
and those portions that may be grazed afford forage of very uncer- 
tain value. So far as revenue is concerned, the lands may be con- 
sidered as unproductive, except for the growth of timber. The total 
area of such permanent swamp land in 10 of the States where 
cypress occurs is approximately 42,440,000 acres, distributed as 
shown in Table 14: 

TABLE 14.—Permanent swamp area in 10 of the most important cypress producing States.1 

State. Area. State. Area. 

a Acres. Acres. 
IML BESS Gossecous see Ssuseseesepoocan 130005000) NGeorsiae-s-eees ness ees- eee eene eee 1,000, 000 
MOuIS Anas acm. ose sec ee eases e a seee CROMOSOO) )]) WibsSOTbIN 65s cece osacesossesceessesc- 1,000, 000 
JNAGVIRES 32 565 escospesdossosenescess 9520050003) Alabama==s seco. esses a oes a eee ee eEeee 900, 000 
Mississippis saoo8 oie soos ee cease eee 3000; 000))| Warsiniasees: se-see ee eeeeee eee eres 600, 000 
pouthiCarolinasess sees as eee eee eee eee 1,500, 000 —— 
ROR ASE 52 BEE aie ene Ue ae sates ee ee 1, 240, 000 Total o.ec22--seeee)-seece eee 2 42, 440,000 
INorthiCarolinasa===sssesse-e-ee eee ee 1,000, 000 

1U. 8. Senate Document 443, Sixtieth Congress, first session, ““Swamp Lands of the United States,” 
prepared by the Office of Experiment Stations, Department of Agriculture. 

2The permanent swamp lands of Delaware, Maryland, Tennessee, Kentucky, Illinois, and Indiana 
where cypress occurs contain about 1,000,000 acres. 

It is interesting to note that the area shown in Table 14, much of 
which is natural cypress land,! comprises about 80 per cent of the 
lands classed as ‘‘permanent swamp” and 49 per cent of the entire 
wet land of all classes in the United States. 

All the more valuable southern swamp lands have passed into pri- 
vate ownership. By act of Congress, September 28, 1850, and subse- 
quent enactments, all swamp lands were granted to the various States 
in which they occurred. For the most part these were in turn sold by 
the States to private owners. Federal swamp land, unsurveyed and 
therefore unclaimed by the States, is of exceedingly small area. 

1In Florida a larger proportion of the area included is nonforested or everglade land. 
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VALUE OF CUT-OVER SWAMP LAND. 

Swamp lands with all the cypress cut out are of rather indefinite 
value. They are considered mostly unproductive at present and are 
being held chiefly for their potential value for agriculture after drain- 
ing and clearing. The scattering stands of associated tupelo gum 
left on the larger river deltas and narrower stream bottoms have 
very small stumpage value, while in the slightly higher undulating 
swamps the oak, ash, and other hardwoods, if of good development, 
are generally being logged along with the cypress. 

In the Mississippi Valley, where a large percentage of the 16,000,000 
acres of more or less reclaimed swamp land hes, a figure of $2 to $2.50 
perhaps represents fairly well the claimed or speculative value of cut- 
over cypress swamp lands. Deep sloughs and lagoons fall far below 
these figures, while ‘‘ridges” and higher swamps exceed them in their 
actual value. A clear distinction should be drawn between stump 
land and open marsh land, both of which may be permanent swamp. 
The equalized average value of denuded cypress lands in Louisiana 
agreed upon by the State board of equalization for 1913 was $1.50 
per acre, while denuded pine land was $2.13, denuded hardwood 
land $2.15, fresh-water marsh $0.94 to $1.08, and salt-water marsh- 
land from $0.49 to $0.88 per acre. Some large accessible tracts in 
Louisiana of black calcareous soil and open marsh are held as high as 
$10 to $15 per acre. Largely because of the sterility of the acid soils 

without the addition of lime, and the high cost of clearing the land of 
the mass of stumps with large heavy roots, the “‘ponds”’ and large 
inland swamps over the lower Atlantic coastal region are at present 
considered of low nominal value. 

COST OF DRAINING AND CLEARING. 

The reclaiming of permanent swamp soil for cultivation requires 
(1) the improvement of natural drainage channels and construction 
of main ditches or canals—such public drains are made through the 
cooperation of owners under the provision of State drainage laws; 
(2) the construction of branches and laterals by the landowners; and 
(3) the removal of natural vegetation, including stumps. The order in 
which the various classes of permanent swamp lands will come under 
reclamation will obviously be governed by the question of cost and 
relative soil fertility. Open grassy swamps of which there is a large 
area, will undoubtedly be chosen first in drainage plans, the glades or 
hardwood ridges naturally drained during a considerable part of the 
year will follow, and then the deep swamps, where cypress finds its 
characteristic home. 

The cost of complete reclamation of stump lands will be very much 
greater than the average for all lands classed as permanent swamp. 
The Office of Experiment Stations of the Department of Agriculture 
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estimates $17 as the average cost per acre of draining permanent 
swamps. This figure includes public drainage, private drains, and 
clearing the land for cultivation. Where the original surface is cov- 
ered with stumps, the additional expense of clearing cut-over cypress 
Jand in Louisiana has been found to range from $30 to as high as 
$100 an acre, depending upon the character of growth.2 This makes 
a total expense ranging from $47 to $117, or an average of $82 per 
acre, forreclamation. If the present value of reclaimed swamp lands 
and the demand for them is considered, this expense undoubtedly is 
not justified. 

In large drainage projects plans seldom include the reclamation of 
all the land within the district to be drained. The cost of such work, 
under present economic conditions, would be altogether prohibitive. 
Doubtless in some future period the rise of land values will warrant 
very costly drainage systems. Those cypress lands, which may 
reasonably be expected to remain to a large degree undraimed for 
many decades, include (1) sloughs and lagoons in otherwise undu- 
lating swamp and overflowed land, (2) strips between levees and the 

normal river channel, (3) entire tracts of deep swamps where cypress 
erows in pure stands because the land is too wet for other species, (4) 
narrow marginal swamps along rivers subject to periods of high 
overflows, and (5) countless small inland ‘‘ponds” and dead swamps 

in flat, poorly drained regions. 

VALUE OF RECLAIMED SWAMP LANDS. 

The market value of reclaimed swamp lands is generally from $15 
to $25 net over and above the cost of the drainage and other work. 
An expense of $12 an acre for draining, $30 to $100 for clearing, and an 
initial land value of say $1, plus the operator’s profit of $15 to $25, 
give final values to reclaimed cypress lands ranging from $60 to 
$140 an acre. This may profitably be compared with the expense of 
reclaiming wet prairie land, which will include approximately $17 
for draming and clearing,’ $5 to $15 for the land, and the operator’s 
profit of $15 to $25, or a total of $35 to $60. The latter closely ap- 
proximates current local sale values of drained lands in good condi- 
tion to produce agricultural crops in the lower Mississippi Valley. 
Close to good markets, values run above $100 an acre, for inten- 
sive use. ; 

This high value of reclaimed prairie land, over and above the cost 
estimates for an efficient drainage system by conservative engineers, 
allures capital strongly toward utilizing rich swamp for agriculture. 

1U.8. Senate Document 443, 60th Cong., Ist sess. Prepared by Office of Experiment Stations, U. S, 

Department of Agriculture. 2 

2U.8. Department of Agriculture, Bul. 71, Office Experiment Stations (Professional Paper), “The Wet 

Lands of Louisiana and their Drainage.’ 
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Tn the Mississippi Valley, with an overflow area of 50 to 75 miles in 
width affording millions of acres of very productive soil, this situa- 
tion is especially emphasized. By comparison, timber growing as 
an investment has little to offer. It must not be forgotten, however, 
that a sharp distinction should be drawn between open lands and 
those covered with a forest of large trees. The perfection of dredg- 
ing by modern machinery and the possibilities in the control of 
waters as demonstrated in the Panama Canal and other engimeering 
works, are convincing evidences of the probability of success in the 
reclaiming of overflow and swamp soils, and have at times led to 
excessive speculation over tracts promising ready drainage. 

In the flush of logging virgin stands of cypress, very little serious 
consideration has commonly been given to the question of the future 
use for which the land is best adapted. The largest cypress manu- 
facturers’ association in Louisiana has, however, given definite con- 
sideration and study to this problem along with the advance of lum- 
bering. Tentatively, their policy is to clean cut cypress lands, having 
in view their probable early drainage and value for agricultural 
development, in spite of the high expense of removing the stumps 
and clearing the lands for cultivation. Consideration of the combined 
expense of draining and clearing the land, and the distance to markets, 
will serve to indicate whether or not the investment is a paying one. 

It is important in this connection to distinguish clearly between 
the rich, deep alluvial lands which lie in continuous bodies of extensive 
area and the numerous small, more or less isolated cypress tracts 
where drainage features are very different. As a result of large 
profits realized in the past from draining the open savannas or 
grassy swamp lands, there is undoubtedly a strong tendency toward 
a too optimistic view of the early reclamation of deep cypress swamp 
lands. A large number of operators, convinced that reclamation is 
certain to be profitable, have decided in favor of taking every cypress 
tree of possible commercial value and leaving none for future returns. 

In reclaiming swamps which are the result of river inundation, the 
first step of importance is to reduce the amount of overflow. This 
suggests measures for protecting watersheds against floods, both in 
the interest of the swamp-drainage system and the preservation of 
our navigable-stream channels. ‘The long period of time necessary 
must not be overlooked, since plans for permanent reclamation call 
for an orderly progression of the work in accordance with the need 
for the land, market conditions, and transportation facilities. The 
information available regarding the rate of growth of second-growth 
cypress trees and stands and the effect of drainage upon growth (seo 

pp. 39 to 46) will be helpful to the owner of cypress land in arriving 
broadly at conclusions regarding its comparative future value for 
agriculture and timber production. 
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AIM AND METHOD OF FOREST MANAGEMENT. 

Forest management is not nearly so well understood as farm 
management, although the object of each is the same; namely, to 
secure the highest financial returns from the class of land involved. 
With the cutting of the virgin stands, timberlands become available 
for further productive use for the purpose to which they are best 
adapted from a financial standpomt. Many tracts of forest, par- 
ticularly in the Northeastern States, are bing handled with a view of 
securing the largest continuous yield of timber of the most valuable 
species. This is the aim of forest management. 
To cut the mature timber in such a manner as to secure its fullest 
utilization, and, following logging, to cbtam complete stands of young 
seedlings as the basis for the next crop, are the chief objects to be 
attained by properly handling forests. In places where natural 
reproduction fails, the stand may be filled out by sowing seed or 
planting seedlings raised in nursery beds. Protection of the growing 
trees against various forms of injury and further assistance of the 
trees in their growth by proper thinning are important steps in- 
attainmg the desired end. 

Forest management of cypress deals with the proper handling of 
present supplies rather than with the extension of the species on a 
general scale. For various reasons cypress does not promise to be 
one of the main contributors of the country’s future timber supply. - 
Forest management of cypress in the future will consist chiefly of (1) 

the conservative cutting and close utilization in logging of the pres- 
ent virgin stand, (2) in many cases the retention and protection of 
the younger growing timber, and (8) manufacturing so as to secure 
the largest production of the best grades. 

PROFITABLENESS CF FOREST MANAGEMENT. 

In logging virgin cypress timber, the question inevitably arises 
whether it is profitable to leave the younger portions of the stand 
for a second cut. For example, if a cypress stand cut clean at the 
present time will yield $10,000 net profit, will it pay the owner to 
take four-fifths of the merchantable timber at the present time, con- 
sisting of the larger classes and yielding a net profit of $9,000, and 
postpone the returns on $1,0001 until the time of a second cut? 

In favor of holding a portion of the timber for the second cut are 
the following: The increased local demand for timber resulting from 
the establishment of new industries in the South, the faster growth 
ofthe timber left standing from the first cutting, and the excessive cost 
of clearmg and draining deep swamp land covered with stumps and 
roots. Under these conditions it will undoubtedly in many instances be 
good business to leave cypress trees below a specified diameter limit, 

1 Small sizes are expensive to log and yield little if any net profit. 
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for example, 18 to 24 inches on the stump, where present cutting 
takes everything down as low as 12 to 14 inches. Natural conditions 
favorable to a deferred second cut may be found (1) in stands of 
mixed ages with good representation of younger groups of cypress; 
(2) where logging will be repeated in a decade or two in order to 
remove good stands of hardwoods not at present merchantable; 
(3) where the fixed cost of logging is low, as in float logging; and (4) 
in the present very low producing power of the land for any other 
purpose than timber growing. 

There are several classes of cypress lands (see pp. 21-22) which are 
not likely to be reclaimed and put under cultivation for many decades, 
if ever. These situations are mostly subject to deep overflows and 
thus permit float logging, which is the least expensive and the most 
practical form of follow-up logging for second-growth cypress lands 
in the future. The associated ‘“ridges,’”’ or better drained portions 
of the swamp, characterized usually by mixed hardwoods with scat- 
tering mature cypress, in the orderly progression of swamp reclama- 
tion will earlier come under drainage and farm management. This 
distinction between the relative heights of different levels of the 
swamp and their respective future uses, it is believed, is commonly 
given too little consideration in connection both with plans for recla- 
mation projects and with the conservative cutting and management 
of cypress stands. 

In many swamps good stands of the more valuable hardwoods 
have been left, such as oaks, ash, and gums, which will be removed 
in the course of from 10 to 25 years. Many large operators intend 
to go back later over the old cutting areas and log timber which was 
unmerchantable at the time of the first cutting. Here the practice 
of clean cutting of cypress down to include the young vigorous trees 
would be, from a purely financial standpoint, unquestionably a mis- 
take. These trees are rapidly increasing in size and should be left 
for a later logging. Float logging, where the investment and cost 
of logging are low, permits of conservative cutting and an approach 
to a sustained yield of timber by selecting the trees on the basis of a 
minimum diameter limit. 

In favor of clear cutting is the fact that there are a large number 
of lumbering plants in the South which promise from 6 to 8 per cent, 
returns on safe investments. In comparison with these opportunities, 
the uncertainty of the lumber market 20 or 40 years hence discourages 
delay in harvesting the available crop, especially if present owners 
bear in mind the qualifications of Pacific coast lumber for competi- 
tion with cypress and the extent to which its use will increase in the 
eastern market as a result of the opening of the Panama Canal and 
other causes. The increasing use of various substitutes for wood is 

another factor to be taken into consideration. 
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Whether forest management will prove profitable and is therefore 
advisable depends largely upon (1) the rate of growth and various 
other characteristics of the species; (2) capital represented by the 
land and growing timber; (3) cost of establishing, protecting, thin- 
ning, and other operations in the stand; and (4) the final money 
values of the timber crops produced. 

Clear cutting is generally advisable where the land now com- 
mands or promises soon to command, a high value for farm use, 
where the stand of cypress is practically pure and mostly mature 
without clumps of young growth, and where logging costs are very 
high. 

ADAPTABILITY OF CYPRESS TO MANAGEMENT. 

The leading characteristics of cypress which bear upon its suit- 
ability for management are: 

(1) Cypress inhabits permanent swamps much too wet for agri- 
culture and most other uses, except when drained at a large and 
sometimes prohibitive cost. It is adapted and valuable, therefore, 
for utilizing large areas of otherwise unproductive swamp land. 

(2) In exposures open to light, the rate of growth greatly exceeds 
that of virgin stands, and on similar sites is comparable with the 
growth of red gum, ash, and other more common hardwoods; crowded 
stands thin themselves slowly and growth is moderate unless helped 
by thinning for pole, tie, or other classes of small timber. 

(3) It is mherently a vigorous tree with few emenies, is readily 
grown from seed, and, judging by experience and observation, may 
be planted out with good results when 1 or 2 years old. 

(4) Cypress is well adapted for growing in pure, even-aged stands. 
This form of stand is economically favorable because of the difficulties 
and high expense of logging, except where water transportation is 
available. 

(5) Although cypress makes its best growth on deep, well drained, 
fresh or moist loamy soils, on account of inherent restrictions it 
practically never reproduces itself there. It reproduces and per- 
manently maintains its position as the dominant tree of the stand only 
in extremely wet situations. Since the higher swamp areas are more 
easily drained and will be the first to be utilized for farm crops, the 
“ridge type” of hardwood lands will be permanently replaced . 
sooner than typical cypress lands in the reclamation of swamps. 

(6) Natural reproduction, following the earlier cuttings by the 
selection system, is generally good, and this method promises well 
wherever sufficient seed trees Have been left. Clear cutting in virgin 
stands results in poor restocking. 

These several qualifications indicate both the demands to be met 
and the relative position to be occupied by cypress in the future 
forests of the South. 
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LOW VALUE OF LAND AND GROWING STOCK. 

It has been shown (p. 52) that uncleared and undrained lands 

covered with stumps and a mass of surface roots are of low and 
generally uncertain value, and that the cost of draining and clearing 
is somewhat more than the present value of similar cleared and 
drained lands. The actual present value of the timber left on the 
land after conservative cutting is very small compared with its 
potential value. 

The figures given in Table 15 apply to the cypress in a typical mixed 
cypress and hardwood stand, cutting an average of approximately 
12,500 board feet of cypress per acre. This is a safe average for 
medium mixed cypress, since pure cypress often cuts from 15 to 25 
thousand board feet over large areas. It should be noted that the 
volume of the trees 16 inches and over in diameter constitutes 94 per 
cent of the stand. By cutting to a diameter limit of 18 inches, the 
amount of merchantable timber left standing on the average will 
likely amount to between 8 and 10 per cent of this particular stand. 
In other stands not so well stocked with younger classes it will be less. 

Tasie 15.—Cypress trees by diameter classes and corresponding volumes in a representa- 
live stand.} é 

Volume per acre 
(Doyle rule). i 

Diameter (breast- | Trees per Per cent 
hi ; of total igh). acre. Sisal 

Average Total aia 
tree. stand. 

Inches. Board feet. | Board fect. 
LOU Dat ee oe G30) fe a oe ci ree meee ee aU nominee ete 
6 to 10 11.0 4 44 0.3 

11 to 15. 9.8 72 706 5.7 
16 to 20. 8.2 200 1,640 13.1 
2i to 25. 5.4 413 2, 230 17.9 
26 to 30- 3.9 760 2,964 23.8 
31 to 35. 2.0 1,121 2, 242 18.0 
36 to 49 1.4 1,476 2, 066 16.6 
41 to 45 52 1,821 364 2.9 
AG 10:50). 520 eco 1 2,160 216 nlBY/ 

Total.cies/--- 58)0; to aeemseee es 12,472 100.0 

1 Cypress in mixture with hardwoods (about one-third of the latter); 21 trees per acre of cypress 16 inches 
and over in diameter. Representative of large tracts in Florida and Louisiana. 

In the above representative stand with a good stocking of young 
trees, 5.7 per cent of the volume is contained in the trees from 11 to 
15 inches in diameter. A diameter limit of 16 inches in this stand 
would mean leaving approximately 750 board feet, or a value of 
$3.75, at an average stumpage rate of $5 per thousand feet. The 
combined value of land and timber left in cutting to a 16-inch diameter 
limit will probably average generally between $4 and $7 per acre. 

Lumbermen in very many cases fail to consider fairly the very low 
relative stumpage value of timber in the small sizes. Small tree: 
obviously are utilized at relatively little profit, or often at a loss, 
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because of the high expense in handling and the low grade of the 
product. The percentage of increase in volume is relatively much 
greater in trees from 10 to 18 inches in diameter than in larger trees. 

COST OF PROTECTION, THINNING, ETC. 

The holding of a small portion of the virgin stand for a second cut 
entails no essential additional outlay. Fire menace is at a minimum, 
and no other form of damage requires attention, including: timber 
trespass and grazing. In case planting is done to fill in blank spaces, 
an additional expense of between $4 and $10 per acre must be 
reckoned. A detailed account is given on pages 67 to 69. 

VALUE OF CROP PRODUCED. 

Cypress trees from 15 to 18 inches in diameter left on cut-over 
land in southern Louisiana,! measured in 1908, 1910, and 1913, were 
found to be increasing in breast-high diameter at the rate of an inch 
in a little over two years. Trees of the younger classes on cut-over 
lands will be stimulated in growth by the admission of additional 
light. Table 16 shows the average volume in board feet for cypresses 
of various diameters, also the corresponding increase in volume for 
each increase of 1 inch in breast-high diameter. For example, a 
15-inch cypress contains 23 board feet more than a 14-inch tree. 
If the rate of growth is an inch in diameter in 3 years, the volume of 
the tree is increasing 8 board feet a year. Growing at the same rate, 
an 18-inch tree adds about 10 board feet, and a 24-inch tree 20 feet 
annually. <A slower growth of 1 inch in-4 years will give slightly 
decreased figures. It is known that the rate of diameter growth 
remains about constant in cypress for the sizes shown in the table. 

TABLE 16.—Rate of increase in volume for second-growth cypress trees, 10 to 24 inches 
in diameter (Southern United States). 

Annual rate of increase in volume. 

Diameter} Volume | Increase in volume ! 
breast- | of tree | from preceding di- Rapid Moderate Slow 
high. (Doyle ameter class. growth - growth growth 

rule). (1 inch in- | (1 inch in- } (1 inch in- 
- | crease in 3 | crease in 4 | crease in 6 

years). years). years). 

Inches. |Board feet. Boardjece| Per cent.| Percent. | Percent. | Per cent. 
10 D0 ee I eral cere | Meese set | igo ties San eee eee 
11 37 17 85 28.3 21.2 14.2 
12 54 17 46 15.3 11.5 te Uf 
13 72 18 33 11.0 8.2 5.5 
14 92 20 28 9.3 7.0 4.7 
15 115 23 25 8.3 6.2 4.2 
16 141 26 23 stl 5.8 3.8 
17 169 28 20 6.7 5.0 3.3 
18 200 31 18 6.0 4.5 3.0 
19 234 34 17 5.7 4.2 2.8 
20 271 37 16 5.3 4.0 D7 
21 312 41 15 5.0 3.8 2.5 
22 359 47 15 5.0 3.8 2.5 
23 413 54 15 5.0 3.8 2.5 
24 473 60 15 5.0 3.8 225 

1 Belle River, Grand River Basin, St. Martins Parish, La. 
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The approximate annual money increment of the tree may be 
readily calculated by multiplying the number of board feet the tree 
is producing annually by the current stumpage rate. Thus, at $5 
per thousand board feet,’ the trees in Table 16 are increasing in 
value annually at the rate of about 4 cents each for a 15-inch tree, 
5 cents for an 18-inch tree, and 10 cents for a 24-inch tree. This 
indicates also the increasing rate of annual money returns from trees 
of large size. By ascertaining the number of trees of each diameter 
group and applying to them the figures shown in Table 17, the total 
increase of the stand may be obtained in round numbers. Average 
annual increases in value of about $4 per acre represent approxi- 
mately the enhancement of a stand of 100 trees per acre of an average 
present size of 15 inches, growing at the rate of 1 inch in diameter 
in 3 years; at a slower rate of 1 inch in 4 years the increase will be 
about $3 per acre. 

In the absence of yield tables, which are difficult to obtain in the 
uneven or all-aged cypress stands, the above calculation, based upon 
Table 17 and volume and stand tables, may be used as a satisfactory 
approximation of the increasing value of young growing cypress. 

In the representative stand used for illustration (p. 57), approx- 
imately 750 board feet or 6 per cent of the total volume would be 
left if the original stand were cut to a 16-inch diameter limit; if cut 
to an 18-inch limit about 10 per cent of the stand would remain.’ 
Growing at the rate of 1 inch in 4 years, the trees left will mcrease 5 
inches in diameter in the next 20 years, reaching the next higher 
diameter class of 16 to 20 inches. Allowing 10 per cent loss in num- 
bers for death and permanent injury, there will then be about 9 
merchantable trees per acre, from 16 to 20 inches in diameter, with 
a total volume of 1,800 board feet. This is an increase of 1,050 
feet, or 140 per cent. A stumpage rate of $5 per thousand feet 
gives a total value of $9, or an increase of $5.25. If the stand is 
cut to an 18-inch minimum limit, about 1,250 board feet will be left, 
valued at $6.25. In 20 years the 12 trees will increase by about 

_ 1,810 feet, or approximately 145 per cent, and be worth $15.30. 
Stumpage in 20 years may be higher than $5, but only present values 
are used in these calculations. 

If these figures of money yield do not appear attractive as com- 
pared with other forms of investment, the unproductive character 
of the land except for timber growth must not be overlooked. 

1 Good grade of second-growth cypress. 

2 Based upon Table 20. 

* Based upon Table 15. 
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Tasie 17.—Increase in board feet and money value in 10, 20, and 30 years for cypress 
trees of various diameters, at stumpage price of $5 per thousand feet. 

Tree diameter (breast high) (inches). 

12 14 16 18 

Rate of growth (years required for 1 inch increase in diameter). 

Present volume of tree 
(board feet) .- bret 54 54 54 92 92 G2 141 141 141 200 | 200 200 

Annual increase in volume_| 5.7] 4.2| 2.8] 6.7 Deleon ou eSadall) Gao) | Aas O scsi mers 5.2 
Volume in 10 years.....---- 111 96 82 159 142 125 228 | 206 184 | 303 278 252 
Volume in 20 years...--..-- 168 138 1) 226 192 158 315 271 227 406 356 304 
Volume in 30 years......-.-- Ps} 180 138 293 242 191 402 336 270 | 509 434 356 
Present value of tree.....-- $0.27 |$0.27 |$0.27 |$0.46 |$0.46 |$0.46 |$0.70 |$0.70 |$0. 70 |$1.00 |$1.00 |$1.00 
Annual increase in value...| .028) .021) .014| .034) .025) .016] .044) .032) .022) .052) .039] .026 

56 | .48| .41| .80| .71| .62| 1.14] 1.03| .92| 1.52 1.39 | 1.26 
-.-| .84) .69] 255 | 1.13) .96 | .79 1 4.58 | 1.36) 1.14) 2.03) 78 | 1-52 

-| 1.12} .90) .69 | 1.46] 1.21 | .96 | 2.01 | 1.68 | 1.35 | 2.54 | 2.17 | 1.78 

Value in 10 years 
Value in 20 years... 
Value in 30 years.. 

Tree diameter (breast high) (inches). 

20 22 24 

Rate of growth (years required for 1 inch increase in diameter). 

3 4 6 3 4 6 3 4 6 

Present volume of tree 
iboardsteeh) ee eee ees 271 271 271 359 359 399 473 473 473 

Annual increase in yolume.. 12.3 9.2 6.2 15.7 11.8 7.8 20 15 10 
Volume in 10 years.......-.. 394 363 333 516 477 437 673 623 573 
Volume in 20 years...._....- 517 455 395 673 595 515 873 773 673 
Volume in 30 years......._.. 640 547 457 830 713 593 | 1,078 923 7713 
Present value of tree...--..-- $1.36 | $1.36 | $1.36 | $1.80 | $1.80 | $1.80 | $2.36 | $2.36 $2.36 
Annual inerease in value..... . 062 - 046 - 031 -078 - 059 . 039 -10 .075 - 050 
Value in 10 years..........-- 1.97 1.82 1.66 2.58 2.38 2.18 3.36 3.12 2. 86 
Value in 20 years........--.- 2.58 2.28 1.98 3.36 2.98 2.58 4.36 3.86 3.36 
Value in 30 years......._...- 3.20 2.74 2.28 4.15 3.56 2.96 5.36 4.62 3.86 

TREATMENT OF VIRGIN STANDS. 

From the lumberman’s standpoint the first aim in cutting virgin 
stands should be the complete utilization of the material taken. 
Close utilization of the tops and butts has been practiced for some 
years in Louisiana, and there seems no good reason why this would . 
not be equaily profitable along the southern Atlantic Coast, where 
lower transportation rates are offered to the central market region 
in the northeastern States. 

Too often customs from the earlier and more primitive logging 
days survive tenaciously, in spite of advancement and change in 
economic conditions which make complete utilization of trees profit- 
able. Considering the high value of cypress stumpage, it is believed 
to be an actual loss under ordinary conditions to leave high stumps 
and large sound tops. Felling-the trees at the height at which they 
have been girdled usually results in heavy waste of sound timber. 

1 Girdling is done at a high point to avoid unnecessary labor. 
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The stumpage value of material left in high stumps will often pay 
for felling and cutting up the tree. Complete utilization brings 
down the fixed or overhead expense, leaving the operating cost alone 
to furnish the basis for figuring the profit or loss of taking out the 
individual material. This distinction, it is feared, is not clearly 
drawn by the average operator. The installation in the main mill 
of a smail circular saw with 3-man crew to work up logs from small 
trees, top logs, and others of low grade has been suggested as feasible 
in mixed sizes and under ordinary conditions. Logs of this class 
tie up a big saw crew and by reducing the daily output increase 
correspondingly the cost of manufacture. 

The second aim in cuttmg virgin stands should be the welfare of 
the succeeding timber crop, to be secured by early and complete 
restocking of the tract. It will be clearly understood that this applies 
only to situations which promise to remain either anes or 
for a long period as swamp land. 

The essential requirements for satisfactory reproduction in virgin 
stands are sufficient seed trees and openings to light. The vigorous 
smaller trees, left because they are mcreasing at their most rapid 
rate both in size and money value, will produce seed of the highest 
quality though limited in quality. The stand might be cut to a 
minimum diameter of 18 inches at breast height. A tree of this size 
gives a butt log from 12 to 14 inches in diameter at the top end. 
In virgin stands such trees vary from 130 to 170 years old and in 
second-growth or open-grown stands from 65 to 90 years. For the 
best results in reproduction it is desirable to leave standing on the 
tract not less than from 4 to 8 trees per acre, from 10 to 18 inches in 
diameter. The practice of felling overmature trees which clearly 
contain no merchantable cypress timber is beneficial in clearing up 
the area of pecky fungus, but undersirable where a deficiency in 
younger seed trees exists. Old trees quite regularly produce crops 
of seed, which, although less desirable, may be needed for restocking 
the ground. 

Millions of young cypress trees are cut indiscriminately for such 
uses as raft binders, car stays, mud sills, and cribbing logs on tem- 
porary lines, where the ordinary hardwoods would answer the require- 
ment and should be taken in preference to young cypress. Some con- 
servative operators in Florida are requiring attention on the part of 
their employees to the protection and encouragement of cypress repro- 
duction and young trees. Groups or clumps of such trees are often 
unnecessarily injured in felling large trees; in some cases skidder sets 
and logging spurs may just as well be located in other places. The 
removal of the hardwoods should be accomplished to as full a degree 
as possible in order to make openings for the more > valuable cypress 

I To be loc ated in the space barsnd the main saw. 
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and reduce the competition for light. Heavy openings without 
adequate seed trees contain a rank undergrowth of saw grass, cat- 
tails, iris, and various shrubs, but the same openings supplied with 
an abundance of cypress seed will start a new timber crop. 

Groups or small stands of polewood cypress occurring in virgin 
stands should be thinned in order to give the better individuals 
increased space for crown development, as well as root space if subject 
to acid water or periods of summer drought. 

CUT-OVER CYPRESS AREAS. 

Tt is doubtful if any operations toward the improvement of old 
cut-over cypress tracts will pay for themselves. Reproduction follow- 
ing the early cuttings has generally been good. On one logged tract 
in Iberville Parish, La., an average of 340 cypress trees per acre 20 to 
30 years old, were counted.1 Plate V shows saplings filling in small 
openings in the stand. Since the general introduction of overhead 
cableway skidders and the resulting very clean logging of cypress, 
the possibility of a future cypress stand has been practically eliminated 
from several million acres. The complete removal of a mature virgin 
cypress stand without making provision for the succeeding crops is 
civing results similar to those from the clean cutting of virgin stands 
of white and longleaf pmes. The rank growth of shrubs and vines 
and the sprout reproduction in mixed cypress and hardwood cuttings 
makes it doubtful whether the expenditure of money for reforestation 
would bring a profit, especially when the uncertainty about future 
uses of the lands is considered. 

CARE OF YOUNG STANDS. 

Thinning is one of the few operations to be considered in dense 
young second-growth stands. The characteristic cypress “ponds”’ 
and shallow swamps over the coastal plain contain pure stands of cy- 
press of comparatively small size, including a good deal of young 
growth. Much of the suppression of young trees in groups can be 
overcome by thinning and improvement cutting. In some cases this 
will be profitable, although in others the materials removed will not 
repay the expense of thinning. Only in the former case should the 
operation be attempted. There are two methods of thinning: (1) 
Removing the smaller trees which are crowded or overtopped by their 
larger neighbors, and (2) taking out the larger dominant, and ‘‘ wolf”’ 
trees which suppress the growth in several adjacent trees of average 
size. Because of the all-aged character of cypress stands, the first 
method will generally give better results, varied occasionally by the 
removal of one or more dominant trees from a group in order to benefit 
adjacent trees by affording light and perhaps root space. After 
thinning, the new growth will be distributed among fewer individual 

1 By McLean, F. T. Manuscript report on cypress, Forest Service, 1908. 
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trees and will produce a higher average grade of timber. Since 
cypress seeds frequently and in good quantity, seedlings may be 
expected to fill in the blank spaces left. 

Thinning or selective cutting for ties, poles, etc., or taking the larger 
trees down to a diameter limit of from 14 to 18 inches, can be prac- 
ticed as a rule in ponds and small inland swamps, because of their 
accessibility during fall dry weather, and the ease with which small 
skidding engines mounted on runners can be moved and set up along 
their margins. On account of unfavorable conditions, growth is 
relatively slow in shallow undrained cypress ponds. 

PROFITABLENESS OF GROWING CYPRESS POLES. 

The profitableness of growing cypress on short rotations, reck- 
ening on the basis of present prices, promises a rather better showing 
for poles than for ties and possibly also than for saw timber. 

In 60 years second-growth cypress trees will yield poles 30 to 32 
feet long,-6 inches at the top and about 14 inches at the butt. Such 
poles are worth in stumpage from 25 to 50 cents apiece. In 100 
years 40-foot poles about 8 inches at the top end are obtained, worth 
at present about $1 each in the tree. Average well-stocked, pure 
stands, 50 to 75 years old, contain approximately from 250 to 350 
trees per acre. The stumpage value in poles at current prices will 
amount to $75 to $150 per acre at 60 years, or $200 to $300 at 100 

years. Figuring on a 60-year rotation: 

Value of land, $2.50! per acre, compounded at 6 per cent annually for 60 

ES A nn eg Nc ee $82. 48 

Taxes at 2 cents annually compounded for 60 years at 6 per cent.....-..-..- 10. 66 

93. 14 

This indicates the profitableness of holding young cypress for 
poles on lands, with an average value of $2.50 per acre and assessed 
at 60 per cent of their real value. At a stumpage production of 
$100 an acre for fully stocked natural stands a profit of a little over 
6 per cent, compounded annually, will be realized at the end of 60 
years. In case artificial stocking is necessary by planting seedlings, 
costing $6 an acre, on land valued at $2.50 per acre, the same crop 
will produce a net profit on the total investment of about 4 per cent, 
compounded annually. 

From the values given above it is clear that growing cypress poles 
on a 100-year rotation would be less profitable, even starting with 
fully stocked natural stands, than on a 60-year rotation. Similar 
calculations indicate that it would be comparatively unprofitable 
to grow ties except for the reduced cost of getting them to market. 
The promise of success in growing cypress is greater on small tracts 
near local markets and also where water logging is possible. 

1 About 1.7 times the assessed taxation value of $1.50 per acre. 
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PLANTING AND SOWING CYPRESS. 

The establishment of young stands by sowing or planting will 
probably always be of limited application in the case of cypress. 
On a small scale, however, where it is desired to devote wet or moder- 
ately moist lands to their highest form of timber production, the 
planting of cypress in the Eastern and Southern States will unques- 
tionably be practicable. Experiments and nursery practice seem 
fully to establish the adaptability of cypress and the success of the 
method. 

CYPRESS UNDER CULTIVATION. 

In many parks, lawns, and arboretums of both Europe and the 
United States cypress has proved to be a hardy and rapid growing 
tree. When grown in the open, its habit resembles that of eastern 
red cedar, but 1t is somewhat more cylindrical. On account of its 
light, feathery foliage and narrow pyramidal shape cypress is a tree of 
distinctive appearance and striking beauty. (See Pl. XII.) 

Commercially, cypress is being increasingly planted on account 
of its good rate of growth and the value of its wood. In the last 
few years 75,000 seedlings have been planted in Ohio under the 
general direction of State forestry organizations. The older cypress 
plantations in Ohio are reported by the State forester! as having 
made a satisfactory record in the production of timber. The poten- 
tial range for planting appears to reach as far north as the southern 
portions of New England, New York, and Michigan. Individual 
trees will grow somewhat farther north, but when young are sus- 
ceptible to injury by freezing. 

Cypress does not require, as is usually believed, heavy, wet, swamp 
soils. It does not thrive in hot, dry situations or in pure sand, 
but does well in ordinary loamy, calcareous, and clay soils, which 
as a class are retentive of moisture. The requirements of cypress 
call for the more favorable class of hardwood sites, including moist 
slope and bottom land, typical soil for such species as beech, maples, 
basswood, tulip poplar, catalpa, elm, oak, sycamore, and cotton- 
wood. ‘Trees in the District of Columbia are growing well near the 
Potomac Flats (Pl. XII) and also on Meridian Hill, about 200 feet 
in local elevation above the river. Because of previous good results 
the city of Cincinnati in 1914 planted 40,000 cypress seedlings in 
forest stands on relatively high, well-drained ground. 

GROWTH OF PLANTED CYPRESS. 

The rate of growth of individual planted cypress trees is closely 
comparable to that of the more rapid hardwoods. Under cultivation 
trees grow from 18 to 24 feet in height in the first 10 years. The best 

1 Edmund Secrest, State Forest, Wooster, Ohio. 
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Bul. 272, U. S. Dept. of Agriculture. : PLATE XII. 

CYPRESS ON GROUNDS OF U. S. DEPARTMENT OF AGRICULTURE, WASHINGTON, D. C. 

The center tree measures 74 feet in height by 21 inches in diameter (breasthigh), and the 
group was planted about 1868, so the trees are about 50 years old. 
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height growth in Ohio, for example, has been 3 feet annually for a 
few years. In fresh or moist soil west of Columbus, some cypress 
trees are growing 30 inches a year in height. In dry situations, such 
as eroded clay hillsides and in loose gravelly soils, growth is less than 
afoot ayear. In the District of Columbia cypresses 50 years old are 
from 20 to 30 inches in diameter by 65 to 84 feet in height, excelling 
all associated species in rate of height growth. Measurements on 
growth in forest plantations are not available, but observations show 
a good development of cypress in height and diameter when properly 
spaced in planted stands. 

NURSERY PRACTICE. 

Cypress may be grown from seed in nursery beds as successfully as 
many of the common conifers. 

The structure of the seed and germination tests described on pages 
29 to 30 indicate certain requirements of moisture and heat that 
should be carefully followed for the successful and economical germi- 
nation of cypress seeds. Among these are (1) the softening of the 
seed coats, making it advantageous to soak cypress seeds in water 
(apparently from four to six weeks) prior to sowing in the seed bed; 
(2) the requirement of a rather high degree of heat for germination, 
making it advisable to sow seeds in late spring or early summer, when 
a good degree of heat is present. Undoubtedly the highest germina- 
tion can be secured by sowing in a protected hotbed or greenhouse, 
although this method is not necessary. The soil should be kept well 
supplied with moisture. Mulching will be an effective aid. 

Some nurserymen store the seed where they will be cool and moist 
over winter. Stratification will accomplish this, and moderate freez- 
ing is said not to injure the seed. The requirements for germination 
are warmth and continuous moisture, both in greater abundance, 
however, than is required by some of the upland pines. Light mulch- 
ing of seed beds is often very helpful. Prof. J. W. Toumey, of the 
Yale Forest School, states that cypress seed sown outdoors at New 
Haven, Conn., in the spring germinates freely in about six weeks, with 
about 40 per cent germination. Cypress resembles the hardwoods in 
requiring a deep loamy soil. Sowing the seed in drills in seed beds 
permits of light cultivation of the soil, while broadcasting better 
utilizes seed bed space. 

Clean seed averages about 5,000 to the pound. Commercial secd 
is not cleaned but contains fyoni’2 25 to 40 per cent by weight of cone 
scales ” (fig. 6) and sells usually at 75 cents to $1 a pound. The 

1 Comparative tests have not been mz Minon dur ition, character of water, whether stagnant or fresh, ote., 

in this preliminary treatment of cypress seed. 
2 See p. 29 for further description of seed. Since the cone scales are only slightly larger than the seed, 

separation Is not attempted, which accounts for the trash contained in commercial seed. 

96612°—Bull. 272—15——5 
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actual cost of collecting seed from the trees where logging is in oper- 
ation is considerably less. The month of October is the most favor- 
able time for collecting seed, which should be done before the cones 
(“balls”) are sufficiently ripe to open or fall off when the tree is 
felled. Where no logging is in progress seed may be gathered by 
climbing moderate-sized trees where cones can be reached by hand. 
Lineman’s climbers are useful in this operation. Various devices may 
be used for collecting the cones beyond arm’s length. After being 
picked the cones should be spread on trays, screen, canvas, or tight 
floors to dry. 
Young seedlings show exceptional vigor and are transplanted with 

the greatest ease, provided soil moisture is plentiful. The root system 
is comparatively shallow. In the dryer natural situations the tap- 

Fic. 6.—Cypress cone and seed: a, Fruiting branchlet; b, section of cone showing two of the seed; c,seed 

(about natural size). 

root even in young saplings has been found to extend downward for 
several feet. In the dryer nursery soils it is essential to supply abun- 
dant moisture, and mulching will prove very helpful. Additional 
growing space may be required if the seedlings are kept in the nursery 
during the second season. If the seedlings are transplanted in the 
nursery, a spacing of 2 to 4 inches in rows 4 to 8 inches apart will 
probably be about right in most soils during the second season. 

The hardiness of cypress seedlings in the Northern States depends 
somewhat on where the seed was grown. Louisiana and Florida seed, 
for example, have been found to produce seedlings less able to stand 
the cold winters than seed from the more northern portion of the 
range.! The amount of seed from more northern regions is limited, 
however, by the failure of cypress to mature seed to any considerable 
extent over the extreme northern portion. At New Haven, Conn., 

it has been found impossible to collect fertile seeds from trees growing 
in the locality, while perfectly hardy cypresses have been grown from 

1Toumey, J. W., Yale Forest School, New Haven, Conn. 
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seed collected farther south. Experiments seem to show that seed 
from the slow-growing ‘‘pond”’ form of cypress will produce inferior 
stock to that grown from seed from thrifty trees favorably situated. 
Because the poorer seed is much more accessible, it is apt to find its 
way freely to the market. No point of difference is known by which 
to distinguish seed from the two or more botanical forms. 

PLANTING. 

Practically all experience points to the general hardiness and adapt- 
ability of cypress for planting in forest stands. The best time for 
planting appears to be during late fall or early winter, so that the 
seedlings can become established during the subsequent period of low 
water. Planting in the spring should be done just before the buds 
begin to swell. Although leafless in winter, like the hardwoods, 
cypress requires care in handling in keeping the roots always moist 
and the fine rootlets as intact as possible; in this respect, cypress 
appears intermediate between the hardwoods and ordinary conifers. 

Seedlings are best transplanted at the end of the first or second 
year; the older and larger stock will be found preferable for tracts 
inundated for periods of considerable duration. One-year stock will 
likely be found satisfactory in ordimary situations. Cypress seed- 
lings are semiaquatic and will grow standing in shallow water. 

Since the foliage is browsed, protection against grazing animals 
when closely confined is necessary in order to avoid injury to 
plantations. 

Because of the small amount of cypress that has been planted, evi- 
dence based upon measurements can not be furnished to show the 
financial results to be expected. Hence it is impossible at this time 
to offer any definite recommendations in regard to the advisability of 
planting cypress on a commercial scale.1_ Material of the sort needed 
to form a basis for such recommendations will become available 
with the further development of young planted stands, and additional 
experience in methods of planting. 

The central Mississippi, Ohio Valley, and middle Atlantic coast 
regions offer promise of being well adapted to commercial planting. 
As with all species of trees, the profitableness depends essentially 
upon various local conditions after all questions of growth and gen- 
eral adaptability of the species from a silvicultural standpoint have 
been settled. Planted cottonwood, for example, has proved to be 
profitable on some of the heavy, less valuable bottoms of the central 
Mississippi Valley.2 Unless treated, however, its wood is very short 
lived in contact with the soil, while the heartwood of cypress is very 
durable, and therefore well fitted in this respect for such uses as posts, 

! Ohio is taking the lead above all others in planting cypress. Address the State Forester, Wooster, 

Ohio. 

2 Bull. 24, U. 8. Dept. of Agr., “Cottonwood in the Mississippi Valley.” 
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poles, and ties. In the Southern States the problem of utilizing the 
cut-over swamp land to the greatest advantage involves the question 
of planting cypress. 

The cost per thousand of growing cypress in lots of 100,000 seed- 
lings is estimated as follows: 

One-year Seed Dimas Wet s ees Mi eNah shia see eet eda ts Meroe 0c ee eae $3. 00 to $4. 00 
Two-year see chines’ 5 22 cc2 1 bin aii ye ike aise give ate an ence ce Sulcus i saree 3.75 to 5.00 
Two-year stock (one-year transplanted).............-.......-------- 5.00 to 6.50 

The expense of planting the seedlings in their permanent situation 
will vary with the distance from the nursery, the character of the 
soil, whether soft or moderately firm, and the spacing used. The 
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Fig. 7.—Areas of permanent swamp in the United States. 

cost of planting per thousand, including transportation, should be 
about as follows: ! 

One-year seedlings. 1a. 0 0 Saag iy Meat fs, 2 tL See eee $2. 75 to $4. 00 
Mwo-y éeariseedtinoss | Steger be5 os SUA heen ee ey pe hie eel ae 3.25 to 5.00 
iwo-year stock (one! year transplanted) eee 6456-42. Shoe esse 4.50 to 6.50 

Unless the land is entirely cleared, which seldom occurs, it is not 

desirable to plant an entire acre with a regular spacing. In planting 
open places it may be advisable to use a close spacing, but on the 
whole a tree every 8 feet in either direction should be sufficient. 

1 This estimate is based on the production of 100,000 seedlings a year. Increasing the size of the operation 

noticeably decreases the cost per thousand. While growing 2 smaller number usually increases the cost, 

the farmer is often in a position to collect seed and raise five to fifteen thousand cypress seedlings in 

garden soil at very little expense. ; 
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Under average conditions the total cost per acre of growing and 
planting nursery-grown cypress stock of different ages and with 
different spacing will be about as follows: 

Spacing. 

Kind of stock. 
10 by 10 feet 8 by 8 feet 6 by 6 feet 

(486 per acre). | (680 per acre). | (1,210 per acre). 

RHO AE COCMIER CN (cparn Sain sinctnie nines Soe nese $3. 10 to $3. 60 | $4.50 to $5.00 | $7.40 to $8. 60 
NE MEAT SECM SSE oo 2 ao ces scien cmcce ese cece one 3.80 to 4.50 5.40 to 6.30 9. 30 to 10. 80 
Two-year stock (one-year transplanted)...-----...-.--- 4.70 to 5.80 7.00 to 8.00 12. 00 to 16. 00 

The situations where the most intensive classification and develop- 
ment of southern swamp lands is likely to make forest planting of 
cypress feasible are (1) large tracts of permanent swamp covered 

with stumps, under the ownership of a strong permanent organiza- 
tion, either private or public; and (2) small areas, near good markets 
with transportation facilities, which it is desired to manage intensively 
in connection with other business such as farming. 
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TABLES. 

VOLUME. 

Tables 18 to 21, inclusive, show the volume in board feet for cypress of different 

diameters measured at breastheight (4.5) and at 20 feet from the ground, or about the 
top end of the first 16-foot log.? 

TaBLeE 18.—Volume in board feet of cypress by Doyle log rule, based upon diameter at 
20? feet and number of logs in tree (Maryland and South Carolina). 

Number of 16-foot logs. 

Diameter) = 
of tree Heicht of | Average Piauiete 

lat 20-foot| 1 2 3 4 5 6 et length Cisid © | Tepes 
above = P- of log. ark) 

| ground?. of top. 

| Volume—board feet. 

| 
Inches. Feet. Feet. Inches. | Trees. 

15 25 35 | Elk Beans Sue eee 2.3 13 6 14 
9 | 25 35 50 G5 Wee sere pee aremer= 2.4 14 6 12 

10 35 50 65 | 85 OO lssasease 2.5 14 7 20 
11 55 75 90 115 TA ON) ees 2.6 15 7 21 
12 75 100 125 150 | Syl beseaeas Zeit 15 8 19 
13 | 100 125 160 190 220 250 2.8 15 9 18 
14 125 160 195 240 280 330 2.9 15 | 9 15, 
15 145 195 240 | 290 340 390 3.0 16 | 10 21 
Gil see 230 290 | 340 400 470 Bh I 16 | 10 37 
aI pes aa 280 340 400 470 540 Beal iy 11 28 
UE Miaaeeaace 30 400 480 550 630 3. 2 17 12 34 
OE eeSas 390 470 | 560 640 730 3-3 17 13 22 
203) Sas 460 550 640 740 850 3.4 17 14 19 
7A ean ec 520 630 740 850 970 320 | 18 15 22 
D2 eeiseceae 590 710 840 970 | 1,110 3.5 18 16 30 
722 Se 660 890 950 | 1,110} 1,280 3.6 18 17 20 
DAB eas eens 730 890 | 1,070 | 1,260] 1,460 Bod 18 18 23 
Za cana 800 990 | 1,200] 1,410} 1,630 Bo fl 18 19 14 
26: eee te 870 | 1,090 | 1,330} 1,570) 1,830 3.8 18 20 19 
PAN SAE ses 950 | 1,200 | 1,460] 1,730} 2,000 3.8 19 21 12 
3 | ae |e ra 1,300 | 1,600 1,900 | 2,200 3.9 19 23 5 
ZO) [Re a Rae ota 1,410 | 1,730} 2,060 | 2,400 3.9 19 24 a 
Pax OH Parse aloe Upc Ps 1,520 | 1,870} 2,230 | 2,600 4.0 19 | 25 5 

| _ 

| 437 

1 Since the form of tree growth is apt to vary somewhat under widely different climates and soils, volume 
tables are usually considered more or less local in their application. In the case of cypress, however, 
since wide differences in growth appear to be present within any specific locality, volume tables for 
eypress for one region are generally applicable and may be used for other portions of its commercial 
range. 

2 Top of first 16-foot log in larger trees. 
3 Measured outside bark. 

70 
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TasieE 19.— Volume in board feet of cypress by Scribner log rule, based upon diameter (at 
top of first 16-foot log) and number of 16-foot logs in tree ( Maryland and South Carolina). 

llog. 2 logs. 3 logs. 4logs. 5 logs. 

Diam- 
eter 1 Diam- Diam- Diam- Diam- Diam- Basis 
a 20 | vol | .cter Welk ae Vol- out Vol- Bled Vol- eter : 
eet, inside inside inside inside inside 

GEESS || Tyrie || GEES |) Socrates |) WEED N Tipvate |p WEEMS) joyenate: |] CEES | Topeiate 
of top. of top. of top. of top. of top. 

Inches.| Bd. ue eeahes. Bd. ft. | Inches. | Bd. ft. | Inches. | Bd.ft. | Inches. | Bd. ft. | Inches. Pages: 
6 0 eC) Ree 1 Se SS Ls pes a Le LC DA ER i LO ae 
7 25 CFS Ee SE Ps a aa ee ea eae) es] Ps CY Pee UE Pg meg 3 
8 30 7.7 55 GED ee ee eas | ae AP CIA a Re 7 
9 40 8.7 70 7.0 100 SI st | eee coy A a es Sah Bie ee 12 

TES eS See (ee ae 85 8.0 120 Gute S86 Sees HOUT ace een cers Meetacess 20 
De aeeeceete Gene eee 105 8.9 145 TA Gee se sas ol Eee ey eee ene eats 20 
104 ee 125 10.0 175 ESS is) berate ese ee ae) Paar (AR et oo 19 
(By Eee eee Cosas 155 10.8 205 9.4 260 (iota es Seer eer pe ea as 18 
(ie ake ee eae 185 TES 250 10.2 305 8.4 335 6.3 15 
1S {2 = Seo ee 225 12,8 295 1.1 360 9.1 395 6.9 2. 
15) | eA eee 265 13.7 390 11.9 425 979 465 7.6 37 
(i Sk ho ee 315 14.8 410 12.8 495 10. 6 510 8.3 28 
US) ee ee Gee eee 365 15.9 475 13.9 570 1105) 625 9.1 34 
i) |. ae ae Pee 415 16.9 540 14.9 645 12.4 715 9.9 22 
7 BOSSES) See ee 470 17.9 610 15.9 730 13.3 820 10.7 20 
2 | So ey rt 525 18.9 690 16.9 825 14.2 935 ile & 21 
PA oe a 580 19.8 775 17.8 935 15.2 | 1,065 12.4 30 
73% | Seca se| See tee 640 20.8 865 18.8 | 1,050 16.2 1, 205 13.2 20 
72.) | ee ee 700 21.8 955 19.7 1,165 Tal 1,350 14.1 23 
75 |e al | a 760 | 22.8} 1,045 | 20.8] 1,285) 18.1] 1,500| 14.9 16 
21) | Eo ae ee 825 | 23.7 1,145 21.8 1,415 19.0 1,650 15.8 19 
277 SSO See ee 5 ee ee ee ta TS D50) 22N6n ls 15545 LON) ele STON) LGR 12 
2 pee =a c8| GAS eB S| DROS] ee ere er el ee See 2 1,675 20.9 | 1,970 17.5 5 
2) ea Sal Bae I a ee eee (ee ae] ee 1,815 PHT 2,130 18.5 8 
mere eee eon IT sue ae A a a See 1,955 | 22.6] 2,290] 19.3 5 

441 

1 Measured outside bark. 

TABLE 20.— Volume in board feet of cypress based upon breast-high diameters, by Doyle and 
the two-thirds log rule (South Carolina). 

i co ae Diameter 
Dinuster Doyle Pay ” Total Used Length | Stump | (inside Basis 

- Tule. ; height. | length. | oflog.! | height. bark) i high. rule. 
of top. 

Inches. Bd. ft. Bd. ft. Feet. Feet. Feet. Feet. Inches. Trees. 
10 20 64 65 40% Lt eee: 2.7 Ob Gi wile ase ce ee 
11 37 84 69 ALe | eee ae Dal, GEM eee) 
12 54 105 73 42 20 2.8 6.8 3 
13 7 127 76 44 19 2.8 7.4 4 
14 92 150 79 45 19 2.9 8.0 2 
15 115 174 81 46 18 2.9 8.5 6 
16 141 200 83 47 19 3.0 9.1 9 
17 169 228 85 48 19 3.0 9.7 2 
18 200 258 86 49 19 3.1 10.3 5 
19 34 289 87 A) 19 3.2 10.8 10 
20 271 322 88 50) 19 3.2 11.4 11 
21 312 561 89 51 18 3.3 12.0 9 
22 359 403 90 52 18 3.3 12.6 7 
23 413 450 91 | 53 18 3.3 13.2 7 
vz} 473 00 92 54 18 3.4 13.7 14 
25 541 555 93 54 17 3.4 14.3 13 
26 613 610 94 55 19 3.5 14.9 13 
27 686 667 95 55 18 3.5 15, 5 9 
28 760 720 95 56 18 3.6 Weal 10 
29 832 775 96 56 19 3.6 16.7 14 
30 916 830 97 57 18 3.6 17.2 15 
3 979 R81 98 57 18 8.7 17.8 12 
3 1,050 935 98 58 18 3.7 18.3 4 
+] 1,121 990 99 58 18 3.8 18.8 6 

34 1,193 | 1,040 100 59 19 3. 8 19.2 4 
BS 1, 262 1,094 101 59 18 3.8 19.6 10 
65 1,333 1,150 101 60 19 3.8 20.0 9 
37 1,405 1, 203 102 10 18 3. 9. 20.4 12 
38 1,476 | 1,259 103 | 60 18 3.9 20.8 7 
39 1,546 | 1,412 104 61 19 3.9 21. 1 3 
10 1,615 | 1,369 104 61 18 3.9 21.4 9 

1 Uneurved, 
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Tape 20.—Volume in board feet of cypress based upon breast-high diameters, by Doyle 
and the two-thirds log rule (South Carolina)—Continued. 

Diameter | « Two- Diameter 
b ¢ Doyle thirds” Total Used Length | Stump (inside Basis 
Bene rule. ies” | height. | length. | oflog. | height. | bark) 2 
high. rule. of top 

Inches. Bd. ft. Ba. ft. Feet. Feet. Feet Feet. Inches Trees. 
41 1, 683 1,424 105 61 19 4.0 Pike 2 
42 1,752 1,480 106 62 18 4.0 22.0 2 
43 1,821 1,538 107 62a | mes sens 4.0 22 30 Seen 
44 1,890 1,591 108 62 19 4.0 29.6 5 
45 1, 959 1,649 108 63 18 4.1 22.9 2 
46 2,025 1,701 109 63 16 4.1 23.1 1 
AT 2,092 1,759 110 63 18 4.1 23.4 1 
48 2,160 1,815 111 63 18 4.1 23.6 3 
49 2, 230 1,872 111 GAv af. cle Be Beers 4.1 23:9 Bipsecosaee 
50 2,300 1,930 112 (Syl ee Se ee 4.1 24:15 Rees oe eee 

265 

Tas LE 21.— Volume of merchantable cypress in board feet by the Scribner and Dovle rules 
for cypress in Louisiana.* 

Diam- Deine Volume. Mer Diam- 

eo del , eter Total | chant- |Length | Stump “nee Basis 
eee breast: . height.| able | of log.2 |height. «| 7S!%® | trees. barkat| Hicn. | Scrib- | povie Temata bark 
20 feet. Bo. | ner. y ai of top. 

Board | Board 
Inches. | Inches.| feet Feet. Feet. Feet. Feet Feet. | Inches. 

8 NOT seen eeee 20 65 Ste eeetes SsHoenee 5:70) | eases 
9 14.2 50 400 70 3 33 3.8 6.2 2 

10 15.6 95 60 75 AQ ie Soe Nees as 659) 5h esa se 
11 17.0 149 80 79 43 56 3.7 7.6 1 
12 18.4 190 110 84 AT 28 3.9 8.3 6 
13 19.8 240 140 88 50 24 3.5 geil 4 
14 21.1 290 130 91 54 31 3.7 9.8 5 
15 22.4 350 230 95 57 22 3.6 10.5 7 
16 23.8 410 280 98 59 23 3. 7 11.2 § 
17 25.1 490 340 101 62 24 3.7 11.9 5 
18 26.3 560 400 103 64 14 3.5 12.6 2 
19 27.6 650 480 105 66 3 3.9 13.3 4 
20 28.8 740 560 107 67 33 3.2 14.0 1 
21 30.0 840 660 109 69 34 3.2 14.6 1 
22 31.2 950 779 111 70 20 4.2 15.3 2 
23 32.4] 1,080 890 113 71 25 3.0 15.9 il 
24 33.6] 1,210} 1,020 114 72 39 3.5 16. 6 1 
25 34.7] 1,350) 1,170 116 (Ox. Baesasha |Ssooeons 73) |ete sees 
26 35.9 | 1,510 | 1,330 117 (Eos eS ase ncesesce Ais OM eee 
27 37.1} 1,670 | 1,500 118 74 35 3.5 18.6 1 
28 38.2] 1,850] 1,680 119 75 30 5.0 19.3 2 
29 39.4] 2,020] 1,870 120 75 28 4.0 19.9 1 
30 40.5 | 2,200} 2,060 121 76 34 3.5 20.6 1 

55 

| 

1 Based upon measurement of 55 trees and must be considered rather as 
for South Carolina are generally applicable. 

2 Uncurved. 

tentative than final. Tables 

Referring to Table 18, for example, one learns that a 3-log tree, with a butt log 18 

inches in diameter at the upper end contains 400 board feet of merchantable lumber; 

also that such trees are cut on an average to a top diameter of 12 inches measured inside 
the bark. The tables are based upon full scale of sound timber. Another form of 
measurements (Table 20) gives the volume of trees of a specified breasthigh diameter 

by the Doyle and two-thirds log rules in South Carolina; also the average total height 
and length, average length of log, stump height, and diameter to which the trunk is 
utilized.’ 

Although based upon insufficient measurements, Table 21 is included here for 

reference and comparison. It will be found useful for rough approximation for which 

1 Since these measurements were taken, utilization in logging has advanced considerably, so the figures 

are likely to be too low in total volume and used !ength and too high in top diameter and stump height. 
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it should be considered as sufficiently accurate, but for all practical purposes Tables 
20 and 21 are to be preferred since they show the number of logs under each diameter 

class. 
TAPER. 

Table 22 shows the form or taper of the base for trees of various diameters measured 

at 7 feet above the ground in Maryland. The relation of height to diameters measured 

at breastheight for trees in Maryland and Louisiana is given in Tables 23 and 24. 
Table 23 is based on too few trees to be reliable, but serves as an indication of the 

relative form. 

Taste 22.—Basal taper of cypress in Maryland for trees of various diameters. 

Diam- 
eter 

at 7 feet 
(out- 
side 

bark). 

Inches. 

DO OONIO OH COD 

Diameter inside bark. 

1foot | 3feet | 4.5 feet} 5 feet 
above | above } above | above 
ground .|ground .|ground .|ground. 

Inches. | Inches. | Inches. | Inches. 
2.8 2.0 1.8 TAZ 
4.4 Bil 2.9 DEDh |. 
5.9 4.2 3.9 S85 |e 
7.6 FAB 5.0 4.3 |. 
9.4 6.5 6.1 5.3 

11.4 (ed 1.2 6.4 
13.5 8.9 8.4 Usd) 
15.5 10.1 9.5 8.5 
17.6 11.4 10.6 9.6 
19.6 1207 11.8 10.7 
21.6 14.1 13.0 11.8 
23.6 15.5 14.2 12.9 
25.7 Wiel: 15.5 14.0 
27.8 18.7 16.7 iGpal 
29.8 20.3 17.9 16:2 
31.9 ZS 19.1 17.3 
33.9 231s ae 18.4 
36.0 Pe (al ae 19.5 

| Diam- 
oe 

-. |;at 7 feet 
Basis. ||" (out- | 1 foot 

side | above 
bark). |ground.|ground. 

Trees. || Inches. | Inches. 
Sener 19 38.0 
eee | 20 40.1 

21 42.2 
Beene 22 44.1 

4 23 46.1 
2 | 24. 48. 0 
5 25 49.8 

10 26 51.6 
5 27 BHO) 
5 28 55.0 
8 29 56. 7 
7 39 58.3 
7 | 31 60.0 
8 32 61.6 
6 33 63.3 
8 34 64.9 
3 STH boSeaee 
7 36) |Fesaceoe 

3 feet 
above 

Diameter inside bark. 

4.5 feet | 5 feet 
above | above 
ground .|ground. 

Inches. | Inches. 

Basis. 

Trees. 

rary 

NNN EWAOPO 

1 Diameters measured at 7 feet above the ground instead of breasthigh. 

For trees of known diameter at breastheight up to, 20 inches, the taper at 1, 3, 5, 
and 7 feet above the ground is shown in Table 23. 

TABLE 2 

Peau Diameter 

bark at 20 ee 
feet. aan 

Inches. Inches. 
8 12.6 
9 14.2 

10 15.6 
ll 17.0 
12 18.4 
13 19.8 
14 7 We | 
15 22.4 
16 23.8 
17 25.1 
18 26.3 

19 27.6 

20 28. 8 
21 30.0 
22 | 81.2 
2% | 32,4 
24 33.6 
25 | 34.7 
26 45.9 
27 37.1 
28 | 38.2 

29 | 39.4 
30 | 40,6 

Height. 

Maximum.| Average. | Minimum. 

Feet. Feet. Feet. 
79 65 51 
85 70 55 
91 75 58 
96 79 62 

100 84 65 
105 88 68 
108 91 70 
112 95 73 
115 98 76 
117 101 78 
120 103 81 
122 105 83 
124 107 |} 85 
125 109 87 
127 11) 89 
128 113 90 
129 114 92 
130 116 93 
131 117 95 
132 118 96 
133 119 97 
134 120 98 

135 121 190 

3.—Height and clear length of virgin cypress in Louisiana based upon diameter. 

Basis. 
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TasLe 24.—Height of virgin cypress in Maryland on basis of diameter. 

Height. Height. 
Diame- ght Diame- ane 

ter Basis ter 
breast- A as : breast- . : xi- Tini- : xi- 
high. Most Average. uae high. Se Average. 

Inches. Treet. Feet. Feet. | Trees. Inches. Feet. Treet. 
1 16 12 9 19 18 112 8&9 
2 27 19 13 oD) 19 115 92 
3 37 26 18 17 2 116 94 
4 45 32 22 14 21 118 96 
5 53 38 29 12 22 120 98 
6 61 44 3 12 2 121 100 
7 67 49 35 1 24 123 101 
8 73 54 40 5 25 124 102 
9 79 59 44 2 26 125 103 

10 84 63 48 5 27 126 104 
11 89 67 52 9 28 127 105 
12 93 71 55 13 29 127 105 
13 97 74 59 11 30 128 106 
14 101 78 62 16 31 129 106 
15 104 81 66 13 32 129 106 
16 107 84 69 16 
17 110 87 | U1 10 

Basis. 

_ 

i 

Gobo ST Ors O10 

oe 

(ve) Or Or 

ADDITIONAL COPIES 

OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 

GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 
20 CENTS PER COPY 

Vv 



UNITED STATES DEPARTMENT OF AGRICULTURE 

BULLETIN No. 273 & 
AGS , 

Contribution from the Bureau of Entomology 

L. O. HOWARD, Chief 

Washington, D. C. PROFESSIONAL PAPER August 24, 1915. 

DISPERSION OF GIPSY-MOTH LARVA BY THE 
WIND.’ 

By C. W. Cots, 

Entomological Assistant, Gipsy Moth and Brown-tail Moth Investigations. 

CONTENTS. 

Previous investigations: Page. Page. 
SETRESOUSON 305 ca'Sopaso2 acc = Dees ese sae 2 | Altitude experiment..............-----.---- 15 
Of hairs on small larve............-.---- 3 | Observations on wind dispersion.....-.--.-- 17 

Studies of acuminate and vesicular hairs. ...- 4 | Observations for reinfestation.............-- 17 

Scope of investigations ...............------ 6 | Smalllarvee blown into ocean........-.-.--- 18 

Hatching in relation to wind dispersion.....- 7 | Feeding prior to dispersion...........-...-.- 19 

Longevity of entrapped first-stage larve .... 8 | Comparison of weather data..............-.- 19 
Screen experiments............-.-.-.-------- 8 | Spread of gipsy moth....................--.. 20 

Dispersion experiments, New Hampshire Summary here se soc cncec secs ces scales aaisweats 21 

SEN eee ec keeles cc Jones sPeSS RK 1455) Bibliography see esos ees te 22 

INTRODUCTION. 

The territory infested by the gipsy moth (Porthetria dispar L.) is 
gradually increasing in area, and since isolated colonies are being 
found each year in woodlands and orchards remote from lines of 
gravel, the question as to their origin has become more. urgent. 
Many agencies assist in the transportation of the moth in its various 
stages, but as previous experiments proved that small caterpillars are 
borne by the wind, it seemed desirable to ascertain to what extent 
this occurs and the maximum distance they may be blown under 
field conditions. Much depends upon this factor in diffusion, when 
devising methods of preventing the spread of this pest, and as a 
practical result of previous experiments tanglefoot has been used. 
extensively in colonies located in the outside infested towns. ‘Trees 
are banded with tanglefoot to prevent the small larve from ascending 
to the tops, and thus the chances that these larve will be blown 
long distances are decreased. 

1 An extended report on one of the Important phases of gipsy moth control work, conducted under the 

direction of the Bureau of Entomology, L. O. Howard, Chief, and in cooperation with the various 

States affected. 

96510°—Bull, 274—15—1 
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To secure further information, the writer, under the direction of 
Mr. A. F. Burgess, commenced a series of experiments in the spring 
of 1913 and continued them throughout the following year.t 

PREVIOUS INVESTIGATIONS ON DISPERSION OF THE GIPSY MOTH. 

Many investigations of various sources of spread of this insect were 
conducted during the early nineties by Forbush and Fernald and 
published by the Massachusetts State Board of Agriculture in 1896. 
It was found that frequent teaming in and out of the original infested 
areas (Medford, Boston, and towns closely surrounding) by vehicles 
transporting larve that dropped from infested shade and roadside 
trees was largely responsible for the general local spread during those 
years. It was also suggested that the larvee were occasionally trans- 
ported by the wind to distances of perhaps 100 yards, but no further 
observations were made at that time to substantiate this theory. 
Numerous ways and means of local spread, such as by birds, animals, 
and man, are treated in this valuable report. 

In the spring of 1910 Mr. A. F. Burgess began a series of experiments 
on dispersion of the gipsy moth the account of which is published as 
Bulletin 119 of the Bureau of Entomology. A few small experiments 
were made in the laboratory by releasing silk-suspended first-stage 
gipsy-moth larve in front of an electric fan, and it was found that 
they soared to a distance of 20 to 30 feet in the air before falling. 
This led to more extensive experiments conducted under out-of-door 
conditions. Screens constructed of poultry wire and covered with 
tanglefoot were stationed at given distances from sources of infesta- 
tion and watched for catches of larve. On a small screen stationed 
on the marshes near Lynn, Mass., newly hatched larve were caught 
that had been carried 1,833 feet by a west wind at a velocity of 7 to 
19 miles per hour. 
Numerous records were compiled to show the relation of tempera- 

ture, wind velocity, and wind direction to the general trend of spread 
as it has progressed from the original center, Medford, Mass. It was 
clearly demonstrated that the prevalent southwest winds following 
the hatching period of the eggs each year has resulted in the more 
rapid dispersion of the moth to the northeast than in any other direc- 
tion. Large woodland areas were scouted in various towns, the 
data of which were compiled and show the extent to which the wind 
is responsible for the remote and numerous colonies located. The 
automobile is also included in this report, as a very important factor 
in carrying the caterpillars both locally and for long distances. 

1 The writer is indebted to Mr. L. H. Worthley and Dr. J. W. Chapman for cooperation and helpful 
suggestions; to Messrs. ©. E. Hood, F. W. Graham, and Harry Blaisdell for the collection of field data; 
to Mr. H. A. Preston for the preparation of photographic illustrations, and to others of the laboratory 
force who contributed in various ways. 
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FORMER INVESTIGATIONS OF HAIRS ON SMALL LARVA. 

The bodies of first-stage larve (Pl. I, fig. 1) are provided both 
dorsally and laterally with two types of hairs, or setz, namely, short, 
smooth hairs bearing a vesicle about the middle and very long, slender 
ones which are covered with spinules. Wachtl and Kornauth in 
1893 first described the aerostatic sete found on the first-stage 
larve of P. dispar L. and Lymantria monacha L. and designated 
the balloon-shaped swellings occurring on these setz as aerophores. 
They suggest that these aerophores assist in the dissemination of the 
young caterpillars through the ai. 

Prof. Cholodkovsky in 1894 made some investigations and found 
that the swellings or vesicles shrank in dead larve. His discovery 
tended to weaken the theory that these swellings contain air and to 
suggest that they may contain a fluid which will naturally dry up 
after death. He also found that the swellings remained for months 
in alcohol as full and rounded as in living larve, and if the preparation 
was allowed to dry on a slide the aerophores quickly shriveled. 
He therefore concluded that they did not contain air but a fluid 
which was probably poisonous and served as a protection against 
insectivorous birds. 

Igenitzky, a student of Cholodkovsky, in 1897 further studied the 
glands that give rise to the hairs and verified the findings of the former 
investigator, who proposed to call the swellings “‘toxophores.”” He 
further states that the réle of rendering the larve more buoyant may 
better be ascribed to the long thin hairs which resemble the pappus 
of some plant seeds. 

Prof. K. Escherich in 1912 published a résumé of former investiga- 
tions into the function of the hairs and cites later work by Wachtl and 
Kornauth in 1907 in which they cling to their former theory of aero- 
phores. The latter found that the vesicles did not contain liquid, as 
no reaction was noted by immersion in litmus, rosolic acid, or phenol- 
phthalein, indicating that they contained neither alkali nor acid. 
They did not shrink in alcohol, glycerin, or acetic acid, or excite any 
capillary action; hence the investigators concluded that nothing but 
air could be contained in them. Prof. Escherich lays stress on the 
air refraction noted in connection with these balloons when immersed 
in glycerin and viewed under the microscope. 

T. C. Shcherbakov in 1914 published observations on the gipsy 
moth in which he deals at length with the function of the hairs on the 
first and second stage larve, and parts of his paper have been trans- 
lated by Mr. J. Kotinsky of the Bureau of Entomology. Shcher- 
bakov says that the aerophores are not filled with air or gas and that 
their connection with the glandular cells would indicate that these 
vesicles are probably filled with a poisonous secretion. Their exceed- 
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ingly small size, he contends, makes them physically inadequate to 
sustain the caterpillar in the air. On the other hand, the very numer- 
ous, very long hairs which cover the larva, in addition to the wonder- 
ful amount of silk it is capable of spmning, point to the general 
morpho-physiological structure as the factor enabling it to soar. 

He compares this ability of the caterpillar with the meaning of 
soaring as this term is used by V. N. Chitroyo in an epoch-making 
botanical work on the study of weeds. Soaring is the capability of 
a body passively to participate in an air current, as if constituting 
part of it, arising from special characters in the structure of the body. 
The analogy in function between the wind-borne seed and caterpillar 
is complete. 

Soaring is determined by the coefficient calculated by the following 
formula: 

co fem) 

w(gr) 
where C is the soaring coefficient; /, the surface area (in square cm.); 
and w, the weight (in grams) of the caterpillar. The coefficient of a 
bare, freshly hatched first-stage caterpillar is 514.285 and Shcher- 
bakov says that it would be more than six times as great if the area 
of the hairs were included. 
Compared with the Chitrovo soaring table of seeds, the coefficient 

for the first and second stages of the caterpillar places them among 
the greatest seed soarers. In a slight wind these caterpillars are 
capable of soaring. The distance they can cover depends on the 
topography of the country, the character and abundance of vegeta- 
tion, the mobility of the caterpillar which in turn depends upon the 
temperature of the atmosphere, and the availability of foods. The 
soaring coefficient diminishes sharply for caterpillars in the second 
stage. 

This investigator also states that G. G. Jacobson once, while tray- 
eling, observed caterpillars flying in masses toward him, despite the 
fact that he was at least 17 miles away from the nearest forest. 

STUDIES OF STRUCTURE AND FUNCTION OF ACUMINATE AND VESICU- 
LAR HAIRS. 

Owing to the differences of opinion existing as to the structure and 
function of the hairs covering the bodies of first-stage larvee, the 
writer and Mr. C. E. Hood, with the assistance of Dr. J. W. Chapman, 
made some tests during the winter of 1914-15. The aim of these 
experiments was to study both the long acuminate hairs and the short 
ones bearing vesicles. As the results differ somewhat from those of 

wissenschaftliches Organ des Bureau fiir angewandte Botanik (Monatsschrift), Jahrg. 7, no. 3, 118 p., 16 

fig., 13 pl., March, St. Petersburg, 1914. 
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Fic. 1.—FIRST-STAGE LARVA SHOWING TWO KINDS OF HAIRS. (FROM BuRGESS.) 
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FiG. 2.—a, TUBERCLE FROM FIRST-STAGE LARVA SHOWING Hairs; l, VESICULAR 

HAIRS; c, ACUMINATE Hairs. ALL MUCH ENLARGED. ‘ORIGINAL.) 

GIPSY-MOTH CATERPILLAR SHOWING VESICULAR AND ACUMINATE HAIRS. 
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previous investigators in that the swellings on the short hairs were 
found to contain a liquid not yet proven to have toxic properties, it 
seems advisable that they should hereafter be called vesicular hairs. 
(Pl. I, fig. 2, 6.) The term ‘‘aerophore” previously applied to the 
swellings on the short hairs is misleading, as is also the term ‘‘toxo- 
phore” suggested by Cholodkovsky. The term ‘‘acuminate”’ still 
applies to the very long slender hairs. (Pl. I, fig. 2. ¢.) 

After first-stage larvee die the swellings on the hairs usually col- 
lapse and both air and liquid are present in each type of hair and can 
be seen under a high-power microscope. A living caterpillar exam- 
ined in glycerin shows air bubbles occasionally in the hairs and 
swellings which sometimes extend above and below the latter. The 
air globules and liquid columns alternate in hairs of dead larvze, and 
the difference between the air or colorless liquid present is évident from 
the typical air refractions in the globular form that air always takes 
in a liquid; also from the capillary attraction of the liquid contained. 
Living caterpillars mounted in balsam and examined under a micro- 
scope show air bubbles m some of the hairs, but such hairs are excep- 
tions rather than the rule. Caterpillars that have been dead several 
days show the opposite phenomenon—both air and liquid are seen in 
them, but air predominates. Some larve that had been dead for 
two years were examined and these contained small short columns of 
liquid, but air filled the greater portion of the hollow spaces of the 
hairs. Practically the same was noted in the hairs of an exuvium 
from a first-stage larva which had also been kept about two years. 
The vesicles on the hairs had buckled or collapsed and contained air, 
which was later practically all driven out by heating. 

Embryos were dissected from the chorion under balsam and 
glycerin and then examined in these media. No air globules or 
what could be termed air refractions were noted in either acuminate 
or vesicular hairs. Many of the vesicles are only partially distended 
in this stage. Embryos dissected from the chorion in air contained 
air globules and columns of liquid alternating in a portion of both 
types of hairs—probably those ruptured during the dissection. 

After some experience it is easy with the aid of a high-power 
miscroscope to recognize the difference in refractions through the 
walls of hairs full of colorless liquid or containing globules of. air and 
columns of liquid alternating. The typical liquid refractions are 
always seen in uninjured vesicular and acuminate hairs. Only 
rarely are there air refractions noted in either type on living larve. 
A decided change in aspect is noted 4n dead larvee after the vesicle 
begins to collapse, at which time air finds its way into the hairs. 

A number of living larvae were placed under a bell jar which con- 
vained a small amount of concentrated sulphuric acid. After six 

hours many of the larvae were dead and upon examination a large 
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portion of the vesicles of the hairs had buckled or partly collapsed. 
Larve still living at this time presented the same appearance to a 
slight extent. Asa check on this experiment, larve were killed with 
chloroform and after 24 hours showed a smaller proportion of buckled 
or collapsed vesicles, indicating that sulphuric acid took up moisture 
from the porous hairs. 

Sections were made of the larve and cells at the base of the 
hairs studied, but there could be found no indication of the presence 
of glandular cells. A large trichogen, however, is present at the base 
of each hair. This would signify that the liquid inclosed in the 
hairs is not a toxin, as Cholodkovsky suggests, but a mere colorless 
mobile liquid secreted during the formation of the hairs. The 
phenolphthalein and litmus-solution tests were also tried, with nega- 
tive results, further indicating a neutral liquid. The peculiar shape 
of the vesicular hairs, however, suggests that they may at one time 
have had a poisonous function but that it has been lost in the present 
generations. 

The results of the experiments and observations indicate that both 
the normal vesicular and acuminate hairs are filled with a colorless 
liquid; that the hairs are hollow throughout, and that the vesicles 
contain the same media as the remaining portion of that type. A 
few globules of air were seen in hairs of living larvee which were noted 
as exceptions. Air partially replaces the liquid after death, following 
which period the vesicles collapse. It is therefore probable, as Ige- 
nitzky and Shcherbakov have indicated, that the acuminate hairs 
play the greater réle in making the larve more buoyant, as these 
are from four to stx times as long as the vesicular hairs. 

SCOPE OF INVESTIGATIONS ON WIND DISPERSION. 

In that the main purpose of the following investigations was to 
secure data on the maximum distance and the extent to which small 
larve are borne by the wind, it was necessary to find conditions 
where an abundance of larve were present in close proximity to 
treeless areas. These conditions were best afforded along the beaches 
in Massachusetts and New Hampshire, where there are stretches of 
marshland from 1 to 24 miles wide and many miles long. These 
marshlands are occasionally flooded with salt water and do not con- 
tain vegetation favorable to the development of gipsy-moth larve. 
The areas selected for the experiments were to the east of the heavy 
infestations, thereby getting all the advantages previously known to 
accrue from the northwest, west, and southwest winds. The Isles 
of Shoals, off the coast of New Hampshire, afforded ideal conditions 
in so far as their remoteness from the mainland was concerned and 
the fact that the country opposite has been infested since 1905. 
Locations were also selected in the hills of New Hampshire near the 
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quarantine line for experiments intended to explain the sources of 
many infestations found under such conditions. 

Sereens of poultry wire, to which tanglefoot was applied, were 
erected in three of the selected locations along the coast and on the 
Isles of Shoals (Pl. II). Those used in the New Hampshire hill ex- 
periments were of a somewhat different type and are described 
under that head. The screens used along the coast (PI. III, fig. 1) 
were of 34-inch mesh poultry wire stapled to 2 by 4 posts which 
were set in the ground and held in place at the top by guy wires and 
wooden braces. The posts were 12 feet high and two sections of wire 
each 75 feet long and 3 feet wide were fastened to these so that the 
top selvage was 12 and the lower 6 feet from the ground. The 
sereens contained 450 square feet of wire and were built in three 
25-foot sections, the middle section facing the west and the other 
two angling from the ends about 45° to the eastward. This gave 
the greatest exposure at all times to the northwest, west, and south- 
west winds. A runway was attached to the posts at the bottom 
selvage of the wire to facilitate examinations. 

HATCHING OF EGGS IN RELATION TO WIND DISPERSION OF FIRST- 
STAGE LARVA. 

Close observations on the time of hatching of egg clusters in the 
field have been kept since 1912 by laboratory men stationed in 
different sections of Massachusetts and New Hampshire. The data 
consulted were collected by Messrs. E. A. Proctor in northeastern 
Massachusetts, J. V. Schaffner, jr., in Massachusetts south and south- 

west of Boston, and J. L. Bailey in south-central New Hampshire. 

Tasie I.—First, maximum, and last dates of hatching in 1912, 1913, and 1914. 

Northeastern Massachusetts | Southeastern Massachusetts | South-central New Hamp- 
hatching. hatching. shire hatching. 

Year. = 

Maxi Maxi Maxi 
First Tate Last First atrial Last First. eed Last. 

IONS Os oa. May 2] May 11] May 22|May 1| May 15| May 25) May 1/| May 14] May 23 
Ub Ss Apr. 25| May 5| May 27] Apr. 26| May 10] May 21] Apr. 29) May 8| May 14 
ISTE 2232 May 11| May 15] May 28| May 9] May 15| May 23} May 11] May 16 | May 28 

The first larvee were caught on the screen in northeastern Massa- 
chusetts May 9, 1913, and the last June 5, while the largest numbers 

were removed between May 14 and June 1. During 1914 in the 
same section the first larva was caught about May 16, while tho 
largest numbers were removed from May 20 to May 27 and the last 
June 6. One larva was caught in Henniker, N. H., as late as June 

13, 1914. 
In a year of normal hatching, as in 1913, wind dispersion was 

noted about two weeks after first hatching and one week after hatch- 
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ing was completed. In 1914 there was an abnormally late spring, 
which shortened the hatching season, and wind dispersion was noted 
about one week after the first date and continued about the same 
period after the last was observed. The total period over which 
windspread may be expected is from 27 to 30 days in a normal 
spring, and from 18 to 20 days during a late spring. Ordinarily the 
maximum dispersion is effected during 10 to 15 days of high tempera- 
tures and favorable winds. 

LONGEVITY OF FIRST-STAGE LARVA AFTER BECOMING ENTRAPPED IN 

TANGLEFOOT. 

In connection with the experiments conducted by using tanglefoot 
on screens to catch caterpillars blown by the wind, it became essential 
to know about how long they would live after becoming entangled. 
As a test, tanglefoot was smeared at various depths on heavy paper 
and 100 caterpillars dropped into these. Examinations were made 
at intervals from the time the experiment was started, and it was 
noted that after three hours practically all were living; after six 
hours only two were attempting to move, and these were in a very 
thin smear. After eight hours 65 were dead, and 35 showed signs of 
life when disturbed. The following morning, after 24 hours, all were 
dead except seven, and these were in very thin smears, which had 
little effect upon them. 

The length of life depended upon the density of the tanglefoot in 
which they were placed. If the caterpillars in attempting to free 
themselves became submerged below the spiracles, which often hap- 
pened in 3 to 5 hours, they died shortly after. As a result, cater- 
pillars lodged in globules of tanglefoot on the screens died in 4 to 6 
hours, while those in very thin spots lived 24 or more. 

SCREEN EXPERIMENTS AT SALISBURY BEACH, MASS., IN 1913. 

April 24, 1913, a large screen (Pl. III, fig. 1), as described, was 
erected on the edge of the marsh area near the beach, on a site which 
was 1 mile distant from infested woodlands to the northwest, 14 
miles to the west, and 24 miles to the southwest. The area to the 
east, composed of sand dunes, contained small amounts of vegetation, 
on which gipsy moths could thrive, but this was properly scouted 
and cleaned for an experiment on reinfestation by the wind. 

The temperature, wind direction, and wind velocity were taken 
each day at alternate hours from 9 a. m. to 5 p. m., and the screen 
was examined most days when the winds were fair for windspread 
from the west. Mr. F. W. Graham was in attendance at this screen 
and made many of the following observations and notes. 

No larvee were blown on the screen, which was one-fifth mile from 
the ocean, by winds coming directly from the east. Larve were 
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Fic. 1.—SCREEN AT SALISBURY BEACH, MASS., WHERE 266 LARVZ WERE CAUGHT 
DuRING MAY AND JUNE, 1913, AND 96 IN May, 1914. SHOWING BEACH AND 

OCEAN IN BACKGROUND. (ORIGINAL.) 

Fic. 2.—SCREEN AT PLUM ISLAND, MASS., WHERE 42 LARV4 WERE CAUGHT IN MAY, 
1914. NEWBURYPORT IN BACKGROUND 2 MILES WEST—NEAREST INFESTED TREE 
GROWTH IN THAT DIRECTION. (ORIGINAL.) 

SCREEN TRAPS FOR WIND-BLOWN GIPSY-MOTH LARVA ON 
MASSACHUSETTS COAST. 
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borne, however, by northeast and southeast winds from beach infes- 
tations 1 mile or more distant. This screen was inspected in May by 
Dr. Howard and Dr. Paul Marchal. 

TaBLeE II.—Dates and numbers of newly hatched caterpillars caught on screen, with tem- 
peratures, direction of wind, and velocity of wind, at Salisbury Beach, Mass., in 1913. 

Average between 9a. m. 
M and 5 p.m. 

Numberof| 7.2.) | Minimum 
Date and time removed. caterpil- | tamper- | tempera- 

lars caught. rae ture. Prevailing | Wind veloci- 
: wind direc- | ity, in miles 

tion. per hour. 

S10; O78, 
LUA Geeta ee (4) o4 49 | S.and SE... 11 to 15 
LES Ui it Oe 2 62 52 | W. and SW. 8 to 11 
Law ee Ee een (4) 49 CUT ONIN Gemeree eae 18 to 22 
Miargant tame eee Fe 3 57 00h [PNW ese 15 to 18 
LBS DE poh oo eee () 60 56 | NW.andSE 8 toll 
LE? Ub 2 ee Cope () 70 BOIS Soanosdos 10 to 13 
LAS De oT oe 19 68 G2 INA /Ghosen soe 13 to 17 
Mayrlo aime and: p. MM: -=-2.2~<-2--i-ns 71 64 49 | W.and SW. 7to 9 
LE OLiS i ies eee ieee ee 15 44 LP} IND Ss See ubeae 8 to 12 
LUE LCG re er 13 54 50 | E.and NE.. 8 to 12 
LAGS) Loo oe Ae Se oo See eee () @) (@) 0 |. Iscesocssssceusllocassstnoncces 
wn? LEP Te, ee 25 64 58 | W. and NW 18 to 23 
LET) 2) f eit aS ee a 30 66 55 | NW.and W. 15 to 20 
LES Ue an 10 60 Oy Bie ees cel <2 8 to 12 
(B22 cee epee i gee aan eens (@) 52 48 | KE. toNW.. 6to 8 
LAA tt 12 58 54 | NW., SW., 2to 5 

and E. 
LS SUS De A i ee oe a ree (1) 56 52 | N.toE..... 7 to 10 
LEY Ab oe Soe See ee 1) 53 51] E.and Sit... 7 toll 
Ly RA eS Oe ee ee es 16 59 57 | NW toE... 6 to 10 
LE 2 eee eae (1) 51 ASW ee Se oaene 8 to 12 
LES 8 BES 8 SES Se eee era ¢ 48 47 Sao eCerS 8 toll 
EMRE en re Se ees a2 cms se cine 2 16 64 Don UNIWie estes 19 to 23 
Ly Sie 101 ee ae 3 72 64 | W.and NW. 17 to 21 
aN nee 582.2 52 es5 seb cee sek bel 11 76 62 | NE to NW 8 to 12 
Srie te te ARGID. MN 2) sous =- 25 closers 18 77 62 | SE toSW.. 16 to 20 
UOELEG 2 Tie ie ee ei 0 72 G2TNIWeeeee eee 16 to 20 
DLO) CURT 8 00 eer ee ae CP ee eae | 1 79 WEA ISNWiSdee seer 15 to 19 
JTS Tn ae 0 62 56 | NW. to lt 12 to 16 
OTTERS Ti eee ee 1 70 62 | E. to S..---. 7 to 11 

TS. en ee 235 | 
| | 

1 No examination. 2 No records. 

It will be noted from Table II that 266 caterpillars were caught on 
450 square feet of wire, and most of these on days when the winds 
blew from the northwest, west, or southwest, namely, May 14 to 19, 
May 15 to 17, May 19 to 25, May 20 to 30, etc., while fewer were 
caught when the wind was from the northeast and southeast. This 
may be explained by the light infestations 1 mile or more to the north- 
east and southeast; also it will be noted that winds from these direc- 

tions along the coast are accompanied by much lower temperatures, 
at which time the caterpillars spin less actively. 
Many of the small larvae were taken on the posts and crosspieces of 

the structure; thus of the 25 caught May 19, 18 had lodged in this 
manner and were living when removed. Others were swinging by 
threads on the east side of wire, where they had blown through the 

mesh from the west, the threads having caught in tanglefoot. 
96810°—Bull. 273—15———2 
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The first larva was caught May 9 and the last June 5, although 
examinations of later date were made. These dates mdicate the 
range of the wind dispersion period for that section in 1913. The 
distance borne by the wind was 1 mile or more. 

Another small experiment was conducted 200 feet from the above 
screen by attaching to the northwest, west, and southwest sides of a 
smali stable 77 square feet of cotton cloth which was smeared with 
tanglefoot. This experiment was not started at the beginning of 
the season, but 9 larvee were blown into the tanglefooted cloth be- 
tween May 20 and 31. The object in this experiment was to ascer- 
tain the comparative efficiency of tanglefooted wire screen and a solid 
tanglefooted surface as traps. 

CONTINUATION OF SCREEN EXPERIMENT AT SALISBURY BEACH, MASS., 

IN 1914. 

The same screen (PI. III, fig. 1) as was erected in 1913 was cleaned 

and retanglefooted for the dispersion season of 1914. The infesta- 
tion in the woodlands to the westward, owing to the increase of 
Calosoma sycophanta L., Compsilura concinnata Meig., and the wilt 
disease, was less intense during the latter year. The dispersion 
period was much later and consequently much shorter than in 1913. 
Examinations were begun about the time the hatching of eggs was 
first noted in the field. The first caterpillar was caught May 19 and 
the last May 31 in this location. 

The weather records were taken 1 mile south for this pomt at Plum 
Island, Mass. (Pl. II), by Mr. C. E. Hood, and were compared with 

those of the United States Weather Bureau at Boston, Mass., from 
which they differed very little. 

TasBLE III.—Dates and numbers of newly hatched caterpillars caught on screen, with tem- 
perature, direction of wind, and velocity of wind, at Salisbury Beach, Mass., in 1914. 

Average between 8 a. m. and 
Number | Maxi- Mini- 5p.m. 
of cater- | mum mum 

Date and time removed. pillars | tempera- | tempera- 
caught. ture. ture. Prevailing wind | Wind veloc- 

direction. ity, in miles 
per hour. 

°F. wie 
May slO} amiss segs teeceee ee eee ase i 78 64; W.and NW.... 8 to 12 
IND NOMS Bh tales Sok obecos ekeSanSSsoases 7 81 66 | W. and NW 2to 6 
May 21am. and: p, mepesss-s eee 32 60 53 | NE. toSE_..... 7 to 11 
AMA y 722 «a Tie SIS Ue Pe cee eae 0 60 55 | E.and SE.....- 2 to 10 
Mayeossae and p) ise eer ae eee 12 78 G55) TWiki case seen aes 10 to 23 
Maye 24" ams ad) sills aes eee eee 14 75 G44 Wei Set Pea re aes 11 to 16 
Mays2b4e, Misa. ese sb pee ee See Baa 7 75 GIP RISA As eee seers. 12 to 21 
Me ye2G (Ong = Sais ccs eee ee ane ee eee 10 89 75 | SW. and W.....- 7 to 20 
UENO (teat ears ere ee een es Oe eae 5 94 TAS AWS TONS a 5545552 4 to 12 
NAR aselIN st es ce eee seis ae ee ee 1 82 75 Wretresncsescne 11 to 20 
May 29S aren yand pram ee. 25555) eee 4 66 56 | E.andSE ....-.- 9 to 17 
NAV IO0 NASM ase ee onic me ae eee aaemacioce 2, 76 60 Witsoe cee “toro 
May 3i, as msand ap aitie aes see eases sees 1 84 itil). Wasrerece amet ae sae 7 to 14 

Rotalests ee teee ie cere ae eee 96 
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In all 96 larve were trapped during the season, most of which 
were removed on days when the wind blew from the west, southwest, 
or northwest. The largest catch was removed May 21, at which time 
the wind blew from the northeast and southeast, but it was evident 

that most of the larve were caught May 20 in the afternoon, as the 
screen was not examined during that period. There was less source 
of spread from the northeast and southeast along the ocean shore 
than from the westward points. On May 21 the temperature ranged 
from 53° to 60° F., at which time there was reasonable activity among 
the caterpillars. 

One should not fail to note that spread was secured from all direc- 
tions from which the wind blew except from the east, and the in- 
festation at this point was almost obliterated. No north winds 
were noted during the hourly observation periods. _ 

SCREEN EXPERIMENT CONDUCTED ON PLUM ISLAND, MASS., IN 1914. 

April 14, 1914, a screen (PI. III, fig. 2) was erected on the edge 
of the marsh near the Merrimac River. It was of the same size and 
proportions as that erected 1 mile farther north, at Salisbury Beach. 
The shrubbery, composed mostly of beach plum, bayberry, wild rose, 
sumac, poplar, and willow, on the north end of the island, was ex- 
amined for egg clusters and these were creosoted. This practically 
obliterated the source of infestation to the eastward of the screen. 

The location of the screen (Pl. III, fig. 2) was such that it was 2 

miles from infested woodlands across the marshes and Merrimac 
River to the northwest, west, and southwest. Frequent examina- 
tions made it possible to determine the direction from which all the 
caterpillars came. It is not supposed that all the caterpillars caught 
during the time west winds prevailed came from the nearest infesta- 
tions (2 miles), but in some instances 5 miles or more. There was, 
however, a small infestation on a few roadside willows 1 mile to the 
southwest, but these were so thoroughly cleaned and tanglefooted 
in the spring that no caterpillars could be found on them during the 
dispersion season. The woodland infestation was 1 mile beyond 
this, totaling 2 miles from the screen. 

Mr, C. I. Hood attended the screen, making three or four exami- 
nations for larve daily from May 10 to June 13. The temperature, 
wind direction, and wind velocity were recorded hourly each day 
from 8 a. m. to 5 p. m., inclusive. 
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Taste IV.—Dates and numbers of newly hatched caterpillars caught on screen, with tem- 
peratures, direction of wind, and velocity of wind at Plum Island, Mass., in 1914. 

Average between 9 a. m. 
and 5 p. m. 

Number of | Maximum} Minimum 
Date and time removed. caterpillars | tempera- tempera- | 

caught. ture. ture. Prevailing | Wind veloc- 
-| wind direc- | ity,inmiles 

tion. per hour. 

seis UE: 
May 20, a.m. and p.m.._-...-.--- 8 81 66 | W.and NW. 2to 6 
May 21 fas m si 22 Saas) 2) eee 4 60 53 | NE. to SE 7toll 
Mays 22 haem coterie maar 1 60 55 | E. and SE 2 to 10 
May 23,a.m.and p.m.-.......--- 14 78 6514 Wisesesae eee 10 to 23 
May 24,a.m.andp.m....-....... a 75 64 |, Wisc aaeaeee 11 to 16 
May 25ta/myandsp.m--.2.-a ses. 5 75 61 || S's. 52225205 12 to 21 
May: 26op omnes ase ne a nee een 1 89 75 | SW. and W 7 to 20 
Mays27Aipe lias sabe se scmete tase 1 94 79 | W.toS..... 4to12 
Maye 28- po Ie sastemsss mans oe geeha 1 82 15° NiWizesen eee 1i to 20 

Motels ee seo Sosee cee se 42 

A total of 42 caterpillars were removed from this trap between 
May 20 and May 28—a very short season in comparison to the 
records at Salisbury Beach in 1913. Five of these larve were 
blown on the screen by winds from the east and south, while the 
remaining 37 came with the winds from the west. Larve were 
caught during the morning of May 20, when the velocity of the wind 
for that period ranged from 2 to 4 miles per hour, and on the follow- 
ing day, when the temperature ranged from 53° to 60° F. 

SCREEN EXPERIMENT ON ISLES OF SHOALS, N. H. 

The Isles of Shoals (Pl. IL), located 6 miles off the coast of New 

Hampshire and Maine, was selected as an ideal place in which to 
establish a trap for tests in long-distance spread. An elevated spot 
on Appledore Island was chosen and a screen erected in April, 1913. 
It was not known at that time that Appledore, comprising about 
100 acres, was infested, but subsequent scouting in the summer 
showed that this was the case. This island contains a varied growth 
of low shrubbery, some of which is very favorable food for gipsy- 
moth larve, but the infestations were slight and covered small areas 
well scattered over the territory. 

The screen was examined at intervals during that year from 
May 1 to June 3 and 14 first-stage larvee were removed during that 
period. Some of these larve were alive on removal and were taken 
on days when the wind blew directly from the mainland, which 
indicated that many of them came from that source, but there was 
room for question because the island on which the screen was located 
in 1913 was later found infested. 

To eliminate any possibility of error in drawing conclusions another 
island in this group, namely, Lunging, was selected for the experi- 

om) 

ment in 1914. It is the most western of the isles and located so as to 
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Fig. 1.—SCREEN ON LUNGING ISLAND, ISLES OF SHOALS, N. H., ON WHICH 57 LARVA 
WERE CAUGHT DuRING May, 1914. OCEAN IN BACKGROUND. VEGETATION IN 
FOREGROUND IS UNFAVORABLE FOOD FOR THE LARVA. (ORIGINAL.) 

Fic. 2.—SCREEN ON HOLTS HILL, HENNIKER, N. H., WHERE TWO LARVA WERE 

CAUGHT IN 1914. (ORIGINAL.) 

SCREEN TRAPS FOR WIND-BLOWN GIPSY-MOTH LARVA IN NEW 
HAMPSHIRE. 
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receive the full force of the northwest, west, and southwest winds 

directly from the mainland. This island is composed mostly of bare 
rock, with small patches of soil. There is little favorable vegetation 
for gipsy-moth larve, and three careful examinations made in the 
spring of 1914 revealed no egg clusters. 

Four hundred and fifty square feet of wire screen was used, and 
an extra screen was made of cotton cloth tacked to a frame 40 feet 
long and 3 feet wide, and tanglefoot applied. It was anchored at 
an incline on the rocks, facing the west. 
On this island there is one cottage which afforded quarters for 

Mr. Harry L. Blaisdell, who was in constant attendance at the 
screen (Pl. IV, fig. 1). Arrangements were also made with the 

United States Life-Saving Service for transportation to and from the 
islands on their regular trips to Portsmouth, N. H. Mr. Blaisdell 
recorded the weather conditions hourly from 8 a. m. to 5 p. m., using 
a compass, thermometer, and hand anemometer. He also examined 
the screens continuously and made careful notes on the time and 
wind conditions when each caterpillar was caught, which made it 
possible to determine the source from which it came. Practically 
all the larvee found on the screens were alive, and in most cases they 
were removed very soon after entanglement. 

TasLe V—WNumber of caterpillars caught at Lunging Island, Isles of Shoals, N. H., in 
1914, with direction and distance from which they came. 

. Seabrook 
ihe lauds Wallis Sands| Rye Ledge | New Hamp-| pram Tdand 
of Shoals, E.,| Kittery, Me and Rye, and Tautle shire, and (north e a Date. NE. Sh..’|NW Pea N. H., Boars Head, | Massachu- | roc. Bo) 
dia had 2 ‘| WNW.,6 | N.H.,W., | setts line Gee 

AAU Se: miles. 7 miles. Wsw., 11 LTS 
§ mile miles. 

1914 
Le 2s peep ea 6 i Beene eces sc taulsogceauode aan Asa teceosopael Sabacaanbeesud 
May Ol. sst2.52- 4.2 Gale = estes art yacil ok = cee ae a eee Pb bear ge gy Seale ts Hane pee BBs 
MAY 22. oceans -s>- hl hosaticea Battal Peeasooe sor saalliisSeecde asses Heese hs Dapee el Be See baal 
May23.2:12424i.-- (ote E02 Bee Roe eae eee 8 Bin etal seer El pieh 2 ci ci 
Lb ged: es sei ae [en rer eee ORGS err. PAVii | Rete aR iW i a a SS 
MA Oye lnc se: FN Se cae OE IT ER Se a Se Ee al Comers aaa ee 9 
LT 1 eas | 7h la bel orem SEA BEC rSOeANo cob al|He edu ea Goes eel ASE Abs Ae ieee seh Sa 
i } P| POS eRe ae Brey Ae iS cco Neer sto Be | heres eee eer Mie Beers ae 
WM Docs: oot aco. | Ts | ee a, Satins 1S ef Lf og te a Sirs Yenc aan ga Ws. cans aU Na 
POMOC, -dack asap | See Oe Rae an ests San Nc Stn ss toi cl Goer one Tete! se crimes oes: 

Tota] .....-. 25 I 28 3 1 | i) 

Sixty-seven laryee were removed from the screen and cotton cloth 
between May 20 and June 2. The wind data given in the table were 
taken on the island, but comparison was also made with the records 
taken at Plum Island, Mass., 134 miles to the southwest. It was 

thought that the air currents on the shore of the mainland where 
most of the small larvee were picked up would be much changed from 
their course before reaching the islands, but only slight differences 

were noted by the two observers during the period. 
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Tt will be noted, according to the records taken on Lunging Island, 
that nine larve came from the southwest, that is, from Plum Island, 
134 miles away. The weather records at the latter place indicate 
that conditions were such that at least 18 of those caught on the 
screen at Lunging Island came from Pium Island, or more distant 
points in that direction. 

Thirteen and one-half miles is the maximum record for distance 
that larve have been carried by the wind in all experiments thus far 
conducted by us, yet it is probable that the limit has not been reached. 
The locations for securing such records, together with suitable con- 
ditions with reference to infestations, are rare. 

DISPERSION EXPERIMENTS ON THE HILLS OF NEW HAMPSHIRE IN 1913 
AND 1914. 

In the scouting operations conducted by Mr. L. H. Worthley im the 
outside territory infested by the gipsy moth, numerous infestations 
were being found on hilltops. It could not be ascertained whether 
this spread was the result of the wind, vehicles, or other possible car- 
riers—man or animals. These hills contained woodlands, orchards, 
pastures, mowings, and roads over which there was more or less 
travel, making spread possible artificially. Thinning was practiced 
in these infestations, egg clusters were creosoted, and bands of 
tanglefoot were placed on the trees to keep the first-stage cater- 

pillars hatching near the ground from ascending the trees, thereby 
decreasing their chances of spread by the wind. 

To investigate the source of these hilltop infestations, one hill was 
selected in each of four towns in New Hampshire, namely, Andover, 

Henniker (Pl. IV, fig. 2), Hillsboro, and Troy, and large screens 
erected thereon as traps for the small caterpillars. (See also Plate 
VII.) It seemed desirable to know if these colonies were the result 
of windspread, and whether caterpillars were being carried from hill- 
top to hilltop, valley to hilltop, or vice versa, so that scouting and 
control methods could be changed accordingly. 

The screens were constructed of 3-inch mesh poultry wire 3 feet 
wide. This was stapled to posts set in the form of a T. The 
posts were about 12 feet high and guyed with No. 13 wire. The 
wire was fastened in two widths, one above the other, making a 
screen surface 6 feet wide. The top selvage ranged from 10 to 12 
feet from the ground owing to the level of the land. The screens 
were erected with one wing 35 feet long, facing the north and south, 
and another, 40 feet long, facing east and west. The total number 
of square feet exposed to the winds in each screen was 450. 

There were known infestations one-third to two miles in all directions 
from the screens in the foregomg towns, but negative results were 
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secured on those at Hulsboro and Troy, N. H., the infestations in 

the neighborhood of which were fewer and at longer distances. 
In 1912 several large gipsy-moth colonies were found in Andover 

and Henniker, N. H. On Beech Hill, Andover, about one-third of a 
mile from where the screen was erected, over 30,000 larvae were 

destroyed in the summer of 1912. This colony and surroundings 
were carefully treated, so that the infestation was nearly extermi- 
nated in 1913 and 1914. Ail the smaller colonies found in the town 
also received thorough treatment. Similar conditions prevailed in 
Henniker. 

The screens were examined at periods during the dispersion season 
of 1913 and 1914. No positive results were secured during the first 
year, but one living larva was removed from the Andover screen 
May 27, 1914, at 2 p. m. 
May 26, 1914, a dead larva was removed from the Henniker screen 

and a living specimen June 13, together with the molted skin of a 
second-stage larva. It is difficult to state from which direction the 
first larva was blown, but the second came from the northwest or 
west as the wind blew from those directions during the two days 
previous. 

The 3 first-stage larve caught on the Andover and Henniker 
screens in 1914 proved conclusively that the dispersion among the 
hills is brought about most extensively by the wind. This is more 
emphatic when one considers the small air space covered by these 
traps and the small sources of infestation in these localities. 

ALTITUDE EXPERIMENT WITH AVIATION OF SMALL CATERPILLARS. 

At the close of the season’s work in 1913, after securing some fair 
records on the distance that larve are borne by the wind, it seemed 
advisable to get data on the possible altitude they reach during their 
transportation. After numerous inquiries and investigation a suit- 
able place for such an experiment was found in Merrimac, Mass. 
(Pl. VII). This consisted of the standpipe (PI. V, fig. 1) for the stor- 
age and pressure of the town water. It is located on a small hill 240 
feet above sea level, and permission to erect a small wire screen on 
the top of the tank was obtained from the selectmen of the town. 

The tank was 55 feet high from the level of the summit of the hill 
and a screen of #-inch mesh poultry wire was stapled to upright 2 by 4 
posts 5 feet long. The top selvage of the wire (PI. V, fig. 2) was 5 
feet above the top of the tank, totaling 60 feet above the ground. 
The screen was 36 feet long and contained 144 square feet, while the 
tank was 40 feet in diameter, allowing ample space for the examiner 
to get around the ends. It was set up so that the sides faced the cast 
and west. 
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Near the tank were a few low trees consisting of white pine and 
gray birch; these were cleaned of egg clusters and the trunks tangle- 
footed in order to prevent the larve resulting from overlooked egg 
clusters getting into the tops of the trees. The country about this 
hill on all sides is generally infested (Pl. VI), so that almost a!l winds 

tempered to 50° F. or above bore caterpillars. The weather data 
used for comparison with the daily catch here was taken at Plum 
Island, about 10 miles east. 

TaBLE VI.—Dates and numbers of caterpillars removed from screen at Merrimac, Mass., 
in 1914; also general direction of the wind during the period. 

PSiEEET OS ones t| Direction of wind at time of examinations and a Date and time removed. | borne by | “ong. eed pier Saree 2QnS 
west winds.| "345 P y- 

Mayo Spates esece 19 0 | NW. and W., 8a. m. to5p. m. 
May, 20S DiM seas sess eise 22 0 | NW. and W., May 19, 8a. m., to May 20, 2p. m. 

BNE Mee soe ccoda ace dooaded (2 ease ssee ie 
Maty2 225 sams ee esse oe soe 44 | NE., E., and SE., May 20, 3 p. m., to May 22, 5 

p. m. 
(Marya. DapUl eerie eee 8 0] W., NW., and SW., May 23, 8a. m., to May 27, 

10a. m. 
32 0 Do. 
2 0 Do. 

CAT ete eee! 
312 0 Do. 

Malyi2 (Dein eeaeanee erica 0 36 | Changed to S., May 27,11a.m.,to5 p.m. 
May 28 oi) ileal ere 2 0} W. and NW., May 28,8a.m.to5p.m. 
Maly 20 tre a eee See ee (2) bees Bok Soebe 
Mayis0 ppt earn sisceceeee 2 0 | SW. and W., May 30, 8a. m., to June1,11a.m. 
Meiyiotmeee meme emsamisea ate (Oi Baeeacebaacrre 
une phy eee sa cciecenns 1 0| S.and SE., June 1,12m.to5p.m. 
AGH) 7, 1D Te osoScosoodKSS 1 0| W. and NW., June 5, 8a. m., to June 6, 5. p. m. 

Totals acess oe 91 50 

1 Some of these larvze were caught before this date, as 7 were dead on removal. 
2 No examination. 
3 Number accredited to different winds estimated owing to changes in direction. 

One hundred and forty-one larve were trapped on this screen of 
144 square feet between May 19 and June 2, inclusive. A few of these 
undoubtedly were blown on before May 19, as seven of the nine were 
dead on removal, indicating that the aviation of the small larve 
began probably two or more days earlier in Merrimac than along the 
seacoast. , . 

With apparently an equal infestation on all sides of this screen 
one-half mile or more distant, almost twice as many larve were 
trapped as a result of prevailing winds from the west as from the east. 

The data secured in this experiment indicate that all winds during 
the day in a section generally infested bear caterpillars excepting the 
north, which was not recorded during this period. Considering that 
practically one larva was caught per square foot 300 feet above sea 
level, it is only by conjecture that we can estimate the maximum 
height reached by them and the length of time they remain suspended 
under average conditions. It is a known fact that large numbers of 
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FIG. 1.—SHOWING STANDPIPE, MERRIMAC, MASS. ARROW POINTS TO SCREEN TRAP 

ON ToP. (ORIGINAL.) 

Fic. 2.—SCREEN ON STANDPIPE, MERRIMAC, MASS., AT CLOSE RANGE, WHERE 141 

LARVA WERE CAUGHT DURING MAY AND JUNE, 1914. (ORIGINAL.) 

SCREEN TRAP FOR WIND-BLOWN GIPSY-MOTH LARVA, MERRIMAC, 
MASS. 
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DISPERSION OF GIPSY-MOTH LARVH BY THE WIND. 1g 

isolated infestations are scattered in hill and dale over 19,378 square 
miles of the New England States (Pl. VII), excepting Vermont,! and 

a comparison of such information with the foregoing data at once 
suggests the source of practically all spread of this species. 

OBSERVATIONS ON WIND DISPERSION AT SALISBURY BEACH, MASS., 
IN 1913 AND 1914. 

Salisbury Beach, owing to its separation by extensive marshes from 
infested woodlands and to the limited amount of favorable food plants 
for gipsy moths thereon, was selected as a desirable location to be 
cleaned up and watched for reinfestation. The south end of the 
beach (Pl. II), 14 miles in length, was scouted and the egg clusters 
were creosoted in 1913 and 1914. Beach plum was the predominant 
shrub growing on the sands and was not fed upon by the caterpillars. 
Bayberry, wild rose, willow sprouts, balsam poplar, and other small 
growth thrived to a certain extent and are favored food plants. 

The scouting in 1913 resulted in the finding of 144 egg clusters 
distributed over the beach in a few clumps of shrubbery. The con- 
trol work was followed up during the summer by frequent examina- 
tions for caterpillars, which resulted in their discovery in seven or 
more places other than where egg clusters were located. From 
one to six caterpillars were found in small isolated clumps of bay- 
berry and wild rose in no less than six spots near which there were no 
egg clusters. These patches of favorable food afforded good traps 
for the newly hatched caterpillars, which were being carried from the 
infested woodlands 1 mile to the west, as did the tanglefooted screen 
on which such large numbers were caught the same year. 

Seventy-seven egg clusters were found and creosoted in 1914 in the 
same area as was scouted in 1913. Thus it will be noted that there 
were slightly more than one-half the number of egg clusters found in 
1914 as in 1913, in spite of the rigid control measures practiced during 
the former year. The location of the beach with respect to the 
infested woodland across the marshes was ideal for heavy reinfesta- 
tion each year, and this condition prevails in apple orchards, wood- 
lands, and shade trees that are cleaned within the gipsy moth infested 
area and become reinfested annually by means of the wind. 

OBSERVATIONS ON ISOLATED TREES AND YOUNG APPLE ORCHARDS 
FOR REINFESTATION. 

Twelve isolated trees in the midst of cultivated fields and mowings 
were selected in the early spring of 1914; these were cleaned of egg 
clusters, trunks tanglefooted, and later examined for reinfestation by 

the wind. These trees were selected in towns about Merrimac, Mass., 

! During the winter of 1914-15 a few small infestations were discovered in Vermont, 



18 BULLETIN 273, U. S. DEPARTMENT OF AGRICULTURE. 

where there was a general infestation. Some of them were later dis- 
carded owing to the discovery of overlooked egg clusters that had 
hatched. On the trees retained there were from 2 to 8 and in one 
case 11 large caterpillars above and below the tanglefoot, indicating 
that there was reinfestation by the wind. The top of a medium to 
large sized apple tree would offer more resistance to the wind than 
did the screen on the Merrimac standpipe, upon which was lodged 
approximately one first-stage caterpillar to every square foot of wire 
exposed. 

Some further observations confirming these conclusions were made 
by Mr. C. E. Hood in July, 1914, in two young apple orchards in 
Merrimac (Pl. VI) and West Newbury, Mass. These orchards were 
2 and 4 years old, respectively, and clean cultivation was practiced 
in them. A large number of the trees were examined in the center 
of these orchards, which were in some cases 500 yards from the 
nearest infestations on larger trees. Thirty-four large larve were 
found in selected areas of the two orchards, not more than one of 

which appeared on a single tree. No egg clusters could be found, 
and it was concluded that the infestation was due to windspread. 

Mr. J. V. Schaffner, jr., has also reported a similar incident from 
Dover, Mass. 

SMALL LARVA BLOWN INTO THE OCEAN ANNUALLY FROM INFESTED 
WOODLANDS NEAR THE COAST. 

At the rate of 266 first-stage larve caught on 450 square feet of 
tanglefooted wire at Salisbury Beach in 1913 (being located 1 mile 
from the nearest infested woodland), a basis is given for estimating 
the huge numbers borne into the ocean each year. At the same 
ratio a continuous screen 1 mile long and 6 feet high would have 
caught 18,726 larve. Judging from the altitude, 300 feet above sea 
level, where quantities were caught at Merrimac, Mass., it is apparent 
that this number should be fifty times as much, or 936,300 per mile. 
There is now upwards of 450 miles of coast line infested in New 
England (Pl. VIL), and figuring that general spread by wind occurs 
over one-half of this distance, the ocean swallows up annually over 
210,000,000 small larve. The number is probably much greater 
than is here indicated, as it is not known how many of the small 
larvee passed through the wire meshes of the screen which is used as 
a basis for these figures. 

These calculations, which are partly theoretical, serve to indicate 
what might have been the result with regard to the area infested had 
the moth first been introduced 100 miles farther westward than Med- 
ford, Mass. It also emphasizes the necessity of keeping this moth 
confined to New England territory, if rapid and general spread over 
the United States is to be prevented. 
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FEEDING OF LARV4 PRIOR TO DISPERSION BY THE WIND. 

Several of the first-stage caterpillars of various sizes caught on the 
screens during 1913 and 1914 were selected and examined for the 
presence of plant cells in the alimentary tract. As all caterpillars 
blown any reasonable distance by the wind are newly hatched, first- 
stage specimens, it is impossible to ascertain from a superficial ex- 
amination which have taken food and which have not. Before the 
examinations were made it was necessary to fix the material, stain 
with eosin and methylene blue, section with a microtome, and mount 
on slides, and this work was performed at Bussey Institute, Harvard 
University, under the direction of Dr. R. W. Glaser of the Bureau of 
Entomology. 

Caterpillars were selected during the two seasons which had been 
borne by the wind a distance of 1, 2, and 6 or more miles, respec- 
tively, from the nearest source of infestation. Results were as 
follows: 

Tasie VII.—Percentages of small caterpillars having fed which were caught on screens 
during 1913 and 1914. 

Number of | Number of 
- - . A caterpillars | caterpillars 

Year. Locality and distance carried by wind. that had nai PEG 

fed. not fed. 

| 

AGS oe 5 Salisbury Beach, Mass., 1 mile from infested wocdland..........--- 13 7 
Isles of Shoals, N.H. Infestation in brushland around screen......- 1 0 

tie eae Plum Island, Mass.; 2 miles from infested woodland...............-- 2 5 
Isles of Shoals, N. i: ; 6 miles or more from infestation on the main-~ 

land to the westward pe ee ee 5 el ec SN ee NEN RTE am 20 6 us 7 8 
Merrimac, Mass.; 3 to 1 mile from heavy infestation in all directions. . 0 2 

ol Mies | Pa ES 2 een ee ane ere oe ee ee es | 23 | 22 

Of the 45 small caterpillars prepared and examined during the two 
years that experiments were conducted, 23, or 51 per cent, had con- 
sumed a very small amount of food, while the remainder, 40 per 
cent, showed no signs of it. 

COMPARISON OF WEATHER DATA BETWEEN PROVIDENCE, R. I., AND 
AMHERST, MASS., WITH REFERENCE TO DISPERSION IN 1913. 

The period in which first-stage larvee were borne by the wind in 
1913 in eastern Massachusetts was from May 9 to June 5, inclusive. 
After comparing the hourly wind direction from 7 a. m. to 6 p. m. 
when there was no rain and the temperature was 50° F. or above at 
Providence, R. I.,1 and Amherst, Mass.,! one notes a slight difference 

in the total wind movement in the various directions. Jor instance, 
in Providence the wind blew from the northwest. 92 hours, from the 

1 The weather records at Providence were secured from the office of the U. 8. Weather Bureau, and 

those at Amherst from the Experiment Station. 
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north 17, from the northeast 22, from the east 3, from the southeast 
51, from the south 37, from the southwest 1, and from the west 9 
hours during the foregomg period.. In Amherst, Mass., it blew for the 
same period from the northwest 50 hours, from the north 51, from 
the northeast 9, from the east 2, from the southeast 30, from the south 
31, from the southwest 3, and from the west 46 hours. 

Providence was first found infested by the gipsy moth in 1901, 
and during the scouting season of 1913-14 egg clusters were found 
as far west as Woodstock, Pomfret, and Brooklyn, Conn.—a distance 

of 36 miles, or an average spread of 3 miles each year. It is apparent 
that this general infestation was not accomplished by direct east 
winds, as there are few recorded each year at the proper period, but 
by a combination of northeast and southeast winds transporting the 
larve in a southwesterly and northwesterly direction from 1 to 10 
miles, thus gaining an average of 3 miles each year directly west. 

Although this insect has not yet reached Amherst, Mass., im its 
general sweep across the country, it occurs within a few miles to the 
eastward. A perusal of the wind records for the dispersion period 
of 1913 shows three times as many hours of north winds and about 
one-half as many northeast and southeast winds combined as are 
recorded in Providence, R. I. The total movement of northwest 
and west winds, which blow the larve back into the infested terri- 
tory each year, is practically the same in the two localities. 
From this data it appears that the increase in the amount of north 

winds and the decrease in combined northeast and southeast winds 
‘at Amherst, when compared with the wind records at Providence, 
may result in a somewhat more rapid southwestern advance of the 
insect if it becomes established in the Connecticut Valley. More 
rapid southern and western spread is likely if the infestation reaches 
the Central States. 

SPREAD OF THE GIPSY MOTH IN NEW ENGLAND. 

The gipsy moth was introduced at Medford, Mass. (PI. VII), in 1869, 
from which point it has spread gradually over large areas in Massa- 
chusetts and other New England States, excepting Vermont. Small 
infestations have also been located in New York, New Jersey, and 
Ohio, but these colonies are fast being exterminated. Extensive 
efforts to prevent spread have been carried on in Massachusetts by 
the State since 1890, with suspension of appropriations and efforts 
only from 1900 to 1905. Other infested States have appropriated 
smaller amounts which have aided in the suppression work. Con- 
gress began making appropriations in 1906, and these annual sums 
have been expended to prevent spread and help control of the gipsy 
moth and the brown-tail moth. 

1 See, however, footnote on p. 17. 
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Table VIII is here presented to show the annual advance of the 
moth before and after control was attempted. ‘This indicates that 
the winds are chiefly responsible for the present conditions. 

Taste VIII—Spread of the gipsy moth in various directions by series of years from five 
years after its introduction at Medford, Mass., to 1914. 

Average spread 
Periods of years. NE. N. NW. Ws SW. 8. SE. per year by 

periods, 

Miles. | Miles. | Miles. | Miles. | Miles. | Miles. | Miles. | Miles per year 
15 10 5 10 6 4 3 hin a 0.5 

USE hte ee 5 4 5 4 4 5 4 a) 
Ll sik ieee ee 27 il 12 10 12 14 62 3.5 
BOM 190 8S onset ss ene 41 60 25 19 15 16 11 6.7 
ISDS See Se 114 16 28 15 24 26 0 6.4 

VD) Le ee ee ae 202 101 75 58 61 65 0). sodoadacascsaaed 
aeRO OAV OATS oe ois all «aie cies = =| (2 sists iae = = Specie te pope aw aslo eis aede alecles Sodas deine 2.3 

Average spread per year in 
various directions. ....-.--- 5 2.5 1.9 1.5 1.5 1.6 2 

It will be noted that the spread from the original center was very 
slow, averaging only 0.5 of a mile per year up to the beginning of the 
campaign in 1890. It was then held in control for a period of about 
nine years, during which time there was very little advance into new 
territory. The conditions in the old infested area were also much 
improved. This shows the necessity for keeping the moth under 
complete control if windspread is to be prevented. During the 
period from 1900 to 1905, when no work was being done, the moths 
spread at the rate of 3.5 miles per year. This had increased to 6.7 
miles per year from 1906 to 1909, but this ratio has decreased to 
some extent in the last period up to 1914, inclusive. 

The greatest distance gained in various directions has been to the 
northeast, an average of 5 miles per year for 40 years, which is the 
result of the favorable southwest winds. The combination of south- 
east and southwest winds during the dispersion period has carried 
the larve northward at the rate of 2.5 miles per year. The spread 
to the west, southwest, and south was accomplished at a slower rate, 
owing to the less favorable winds blowing in those directions. 

SUMMARY. 

In 1913, as a result of the several experiments conducted by using 
tanglefooted screens and cloth for traps, there were caught on 977 
square feet 289 first-stage larvee which had been borne by the wind 
one-eighth to 1 mile or more. In 1914 there were removed from 
1,614 square feet of sticky surface 346 larve which had been blown 
from one-eighth to 134 miles or more, as verified by the wind records 

taken at or near those points. Three larvee were also taken from 
two large screens on the hills in New Hampshire during 1914. 
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Considering the great numbers of larve taken in these experiments, 
there can be no doubt that the wind is almost wholly responsible for 
the general spread of this insect in New England, notwithstanding 
the fact that many of the former publications teem with explanations 
of possible accidental or artificial spread by man and animals. The 
recent establishment by the Federal Horticultural Board of a quaran- 
tine on lumber products, Christmas trees, nursery stock, and stone 
moving from the infested territory, until inspection has been made, 
has greatly relieved the danger of a general distribution of the gipsy 
and brown-tail moths over the United States, but the sources of dis- 
persion of the gipsy moth by the wind can only be lessened by the 
effectiveness of the parasites and predaceous enemies, together with 
hand methods of control. To prevent continual spread by the wind 
into new territory the badly infested areas near the border must be 
brought under control either by natural enemies, or hand methods, 
or both. Natural enemies, however, are now playing an important 
role in the control of this insect in the greater area of the inside 
infested territory. 

The larve are sufficiently active and allow themselves to be trans- 
ported by the wind at temperatures of 55° F. and above, and have 
been caught at wind velocities varying from 2 to 23 miles per hour, 
although more active spread takes place when the temperature 
ranges from 65° to 85° F. and when the velocity reaches 8 miles or 
more per hour. Larve are removed from their support and carried 
by sudden gusts of wind, whether they spin or not, when the tempera- 
ture reaches 50° to 55° F., at which temperatures they often start 
crawling. 

The records also show that larve have been caught at times when 
winds were blowing from all directions except the north—only a very 
few coming from the east, but the location of the screens along and 
near the coast materially affected this condition. By far the larger 
numbers were borne by combinations of the west winds as indicated 
on the screen at Merrimac, Mass., which was surrounded by a general 
infestation. 

The general progress of the species since its establishment at 
Medford, Mass., at the rate of 5 miles per year to the northeast and 
at the rate of 3 miles per year westward from Providence, R. I., since 
its first appearance there in 1901 tends to verify the data that have 
been collected in connection with the screen experiments. 
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INTRODUCTION. 
° 

Berry growing is the leading horticultural industry in the Puyal- 
lup Valley, Wash., and is rapidly increasing in importance in other 
sections of that State and in Oregon and California. The growth 
of this industry, as well as the prosperity of the community, in the 
Puyallup Valley especially, is dependent largely on the extension 

and broadening of the marketing zone for fresh berries. The carry- 
ing and keeping qualities of the berries produced and offered for 
shipment determine the territory and markets that can be profitably 
reached. Under the ordinary and usual methods of handling and 
refrigeration 2,000 miles has been the limit of successful shipment 

1. B. Pratt and A. W. McKay, formerly Pomologists in Fruit-Handling and Storage 

Investigations; 8. J. Dennis, Refrigeration Technologist; G. Il. Crawford, formerly As- 

sistant Refrigeration Technologist; and G. W. Dewey and J. I’. Fernald, of the Office of 

Horticultural and Pomological Investigations, were actively associated in the prosecution 

of these investigations. 

Nore.—This bulletin is of interest to growers and shippers of berries generally, and 

especially to shippers of red raspberries, who are required to meet special problems, 

96374°—Bull. 274—15——1 
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for red raspberries, and oftentimes considerable deterioration and 
decay occurred at this or lesser distances. 

The markets for fresh berries could not profitably be extended 
without better keeping or carrying qualities. Many of the leading 
growers have felt that possibly changes in the methods of handling 
and refrigeration would materially improve the carrying quality. 
In response to urgent requests from the industry, investigations of 
the relation of methods of handling and refrigeration to decay and | 
deterioration of Puyallup Valley red raspberries in transit to distant 
markets were included in the fruit-handling and storage investiga- 
tions of the Bureau of Plant Industry. The experimental work was 

carried on during the shipping seasons of 1911 and 1912, and to a 

Fie, 1.—A red-raspberry yard at Puyallup, Wash. 

limited extent during the season of 1913. Red raspberries were 
used in the experimental work almost exclusively, although occa- 
sional lots of loganberries and strawberries were included during 
the season of 1911. 

THE BERRY INDUSTRY OF THE PUYALLUP VALLEY. 

The methods of handling red raspberries are so closely associated 
with those of growing and of training that it seems desirable to give 

a brief description of the berry industry as developed in the Puyallup 
Valley, Wash. 

The berry industry in this valley is centralized largely around 
Puyallup and Sumner, in Pierce County, in the Puget Sound country 



SHIPMENT OF RED RASPBERRIES. 3 

of western Washington. The region is one of abundant rainfall, 
relatively cool summers, and mild winters, and originally was covered 
with forests of gigantic evergreens. The rains are most abundant 
during the winter months but are frequent during June, July, 
August, and September, and are one of the principal factors: that 
determine the season’s fresh-fruit shipments. If rains are continuous 
or frequent, with little or no sunshine, the berries do not mature 
properly, lack firmness, are soft and full of moisture, and conse- 
quently are poor shipping fruits. During 1911 practically all of the 
red raspberries produced in the valley could have been shipped fresh, 

Fic. 2.—Red raspberries at Sumner, Wash., planted in rows, showing the separation of 

new canes from those in bearing, in order to facilitate picking, 

as there were few rains and much dry, sunshiny weather. In 1912 

approximately only half the crop was shipped fresh, the remainder, 
being too soft for shipment in a fresh state, being put up in barrels 

and cans. 

During the season of 1912 the Puyallup and Sumner Fruit Asso- 
ciation, handling at that time approximately 95 per cent of the 
berry crop of the valley, shipped 270 cars of fresh berries of 545 
erates each. Of these 123 were red raspberries, 72 blackberries, 35 
strawberries, and the remainder currants, loganberries, gooseberries, 

ete. The cannery receipted for 1,251,630 pounds of red raspberries, 
3,424,874 pounds of blackberries, and 318,000 pounds of straw- 

berries. 
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The two principal commercial varieties of red raspberries are the 
Cuthbert and the Antwerp. Of the ‘blackberries the Evergreen, 
Snyder, Kittatinny, Lawton, and Himalaya are the leading varieties. 
The Cumberland black raspberry, the loganberry (a hybrid between 
the Antwerp red raspberry and the Aughinbaugh blackberry), and 
the Phenomenal (similar to the loganberry) are grown to some 
extent. 

The recent remarkable growth and development of the industry 

in this valley is due largely to the formation and successful opera- 
tion of an effective cooperative marketing association. This asso- 
ciation some years ago purchased a cannery, which is now operated 

Fic 3.—Red raspberries at Puyallup, Wash., grown in continuous rows in accordance 

with the upright system of training. 

as part of the cooperative enterprise. This plant has been greatly 
enlarged and improved, and more recently a second one has been 
built. These cooperatively owned canneries serve as the balance 
wheel of the berry-growing industry in the section. Without them 
the growers would be in a very precarious state, as through these 
canneries they are able to dispose of all berries that for various 
reasons can not be shipped fresh at a profit. During periods follow- 
ing protracted rains, when berries are too soft for shipping, they 
are utilized for canning purposes and are not a total loss to the 
grower, as would necessarily be the case without canning facilities. 
The association has now over 1,500 members, having individual © 
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plantings ranging from a few plants on a city lot to 15 or more 
acres. 

The average berry yard consists of a few acres planted to different 
varieties of berries, usually half or more planted to red raspberries. 

METHODS OF GROWING RED RASPBERRIES. 

There are almost as many different ideas of how the red raspberry 
should be planted, pruned, and trained as there are growers. The 

most common practice in the Puyallup-Sumner district at the present 
time is to plant the red raspberries in rows from 6 to 8 feet apart, 

Vic, 4.—Ked raspberries at Sumner, Wash., trained in accordance with the upright sys- 

tem. A!) surplus canes have been cut out of the hills and all the remaining canes 

topped. 

either in continuous rows with the plants a few inches apart or in 
hills 15 to 3 feet apart in the row. (Figs. land 2.) The hills in each 

row may have from three to nine canes, depending upon the strength 
of both soil and cane and the grower’s preference. The hill system, 
with plants in hills about 6 feet apart each way, is occasionally used, 

but is becoming obsolete. 
Where grown in rows, the methods of training and pruning may be 

roughly classed under four systems, as follows: (1) Upright, (2) 

weaving, (3) divided row, (4) Streblow. While there are a great 
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many others, the ones mentioned or modifications of these are most 
commonly employed and have been found to be most practicable and 
profitable. 

In the upright system, as illustrated in figures 3 and 4, the old 
canes are trained between the wires which serve to’ hold them to- 
gether and in place. The new canes come up among the old ones or 
else grow on the ground. The posts which support the wires are 
about 7 feet in length, set 5 feet above ground at from 30 to 50 feet 
apart. In this and other systems the wires may be attached directly 
to the posts or to crosspieces or arms, the wires being all the way 
trom 10 to 16 inches apart. Either one or two sets of wires are used, 
the top wires being placed from 4 to 5 feet from the ground, the sec- 
ond set from 24 to 30 inches. 

Fic, 5._-Red raspberries trained in accordance with one of several systems in use at 

Sumner, Wash. Topping is not practiced in this system. 

The weaving system may be used with either one or two sets of 
wires. Where two are used the old canes are wound three or more 

at a time along one of the top wires, the lower wires being used 
to hold the new canes in place and out of the way of the old ones. 
There are a great many variations in this system, from those having 
only one wire along which to wind the old canes and with none to 
hold the new ones off the ground and free from the old canes to 
another method where the canes are not woven in as above described 
but are arched over the top wire two or three at a time and tied to 
the lower wire, the lower wires in such cases being about 48 inches 
and the top wire 60 inches from the ground. Several variations in 
the weaving system are shown in figure 5, where the canes are all 
woven together three or more at a time along the top wire, in figure 
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6, where they are woven in a similar way except that they are tied 
again to the adjoining canes, and in figure 7, where they are wound 
over a top wire and tied to a lower wire. 

In the divided-row system the wires are arranged essentially the 
same as in the upright continuous-row system, with the top wires 
at 5 feet from the ground. The old canes are separated and half of 

them tied or otherwise held in place along one wire, and the re- 
maining half tied to the other wire, leaving space between the wires 
for the new canes. This system, in a way, has several advantages, 
in that topping can be practiced and the new canes can be held 

Vic. 6.—Red raspberries trained in accordance with a modification of the weaving sys- 

tem, at Sumner, Wash. The canes, after being bent over and twisted around the 

top wires, are tied to adjoining canes below the wires. 

separate and free from the old canes, permitting easier picking and 
harvesting. One good way of holding the canes in place is to bring 
the old canes outside the top wire and then to have loose wires 
outside of these which can be lifted into slots just above and slightly 
out from the original wires in such a way that the canes are held 

between the two. This system is illustrated in figure 8. 

In the Streblow system the rows are usually about 8 feet apart, 
running north and south, with hills 30 inches apart in the row. The 
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posts are set solidly just to the east of the row. A wire is fastened 

to the post about 40 inches from the ground on the side toward the 
row and another wire about 52 inches from the ground on the east 

side of the post. The old canes are securely tied to the lower wire 
at 3 or 4 inches apart. The upper wire supports the weight of the 
canes when loaded with foliage and berries. The canes are topped 
at about 6 feet. A second wire, about 40 inches from the ground, 
is strung on crosspieces or on the posts on the west side of the row — 
and serves to hold the new canes free from the old ones and off the 

Fia. 7.—Red raspberries trained in accordance with a modification of the weaving Sys- 

tem, in which topping can be practiced if found to be desirable. The canes are 

looped over the top wire and tied to one lower down. 

ground. This system has some advantages, in that the canes can be 

cared for very easily after they are once tied in place and the bear- 
ing canes are all on one side of the row, where picking is easy and 
unhampered by new canes. The canes also lean toward the east, 
which is considered desirable, and at picking times they shade both 
fruit and pickers. This system, however, requires more work in 
training. The rows must be farther apart, and some claim that the 

yield is somewhat reduced because of the smaller number of canes per 
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acre. The heavy weight on one side of the post makes it necessary 
to set the posts deeper or to have them closer together than in other 
systems. Where hop poles or rails are available at a low cost they 
are often used in place of the upper wires, the rails bearing the weight 
of the loaded canes thus providing a larger surface and reducing the 
danger of having the canes break at this point. The Streblow sys- 
tem is partially illustrated in figure 9. In this case rails are used 
instead of wires. 

lic. 8.—Red raspberries trained in accordance with the divided-row system, the canes 

being tied to wires on either side or held in place by an outside wire. Topping may 

be practiced, if desired. i 

There is also considerable diversity of practice as regards topping 

and cutting out the old canes. Some growers cut out the extra canes 

in the fall, while others leave them until spring. In most cases the 
canes that are left are usually topped to about 5 or 6 feet in the 
spring; that is, in the systems of training that permit topping. In 
some of the weaving systems topping is obviously out of the 
question. The soil is given rather shallow cultivation during the 
growing season and the fields are kept clean of weeds until picking 
time. Nearly all growers fertilize rather heavily, using manures of 
various kinds in addition to moderately heavy applications of potash. 

96374°—Bull. 274—15——-2 
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There is a general belief that potash makes the berries firmer and 
betters the keeping and shipping quality, and therefore this one 
element is seldom omitted. 

Before the harvesting season commences the growers usually go 

through the patches and cut out a considerable portion of the new 
canes and separate the bearing canes from the new ones in order to | 
facilitate picking. The harvesting of berries is facilitated also to 
a considerable extent by various methods of training, some of which 

have already been described. Proper training methods, the cutting 

Fig. 9.—A yard of red raspberries trained in Saoirse with the Streblow RyStenE 

using rails instead of wires for holding the bearing canes. 

out of surplus new canes, and the separation of the remaining ones 
from the bearing canes prior to harvesting greatly lessen the lability 
to rough handling and injury in picking. 

HANDLING AND SHIPPING RED RASPBERRIES. 

The first shipments of red raspberries are usually made about the 
middle of June, but car-lot shipments are seldom made until the lat- 
ter part of June or the first of July. The earlier berries are shipped 
by express, either in crates to near-by cities or in pony refrigerators 
to Spokane and Montana markets. Later in the season, when car- 
load shipments commence, usually only such markets as Spokane and. 
others within about the same distance are supplied with raspberries 
in these pony refrigerators. The berries shipped in this way during 
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the car-lot season are, as a rule, too ripe to stand long-distance 
shipment. 

PICKING. 

The picking is done by men, women, and children, most of whom 
come from neighboring towns and cities and camp during the har- 

vesting season in the various yards where they are doing the picking. 
They usually remain until the end of the blackberry season, some- 
time in September. Some of these people return from year to year, 
but most of them have had no previous experience. This results in 
some very poor work as regards both sorting and handling. Each 

Fic, 10.—Picking red raspberries at Sumner, Wash. _ Note the rank growth of new 
canes. 

picker is provided with a 2-cup carrier attached to the waist and 
when the cups are full they are transferred to 6-cup field carriers 
provided with handles. (Figs. 10 and 11.) These 6-basket carriers 

when filled are carried to the receiving sheds, where the berries are 

sorted and crated. (Fig. 12.) Usually each picker is assigned to 
a particular row or rows and is held responsible for the harvesting 
of a certain portion of the row or yard. A foreman or the grower 
supervises the picking, instructing each picker as to the kind of ber- 
ries to be picked and how to pick them. At the receiving shed the 

grower or receiver does more or less sorting by cups, placing the 

cups containing what are considered shipping berries into shipping 
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crates and cups with berries too ripe for shipping into cannery crates. 
The shipping quality is determined by the appearance of the fruit in 
the box as regards its degree of ripeness and firmness, the fruit never 

being emptied out for resorting or grading. The final determination 
of the shipping fruit is, however, made by the association inspectors, 
and it is not unusual for berries put in shipping crates by the grower 

to be rejected and sent to the cannery when inspected at the associa- 
tion receiving station. 

HAULING AND DELIVERY. 

The berries are nearly all delivered at Puyallup er Sumner, a 
small proportion at North Puyallup, Auburn, and other stations. - 

Fic. 11.—Picking red raspberries at Sumner, Wash., in a yard in which the new canes 

have been gathered together in the middle of the row in order to facilitate picking 

operations. 

They are seldom hauled more than 6 miles, and the greater portion 

less than 3. The wagons used for hauling are of various sizes and 
types, depending on the quantity of berries and the distance they 
have to be transported. Large drays provided with good springs 
are oftentimes used to haul berries from considerable distances for 

several growers. Usually each grower hauls his own berries, and 
in nearly every case wagons or carts with springs are used for haul- 
ing. Many of the growers, living within the city limits or close 
by take their berries to the canning or receiving stations in 2-wheeled 

hand carts. Figures 13 and 14 give a good idea of the different 
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types of wagons-and carts used for hauling berries to the cannery 
and receiving stations. Deliveries are made oftentimes three or more 

times a day from near-by growers, but usually only once by the more 

distant ones. Every grower aims to bring all the berries picked during 
the day to the receiving stations in time to be loaded into the refrig- 
erator cars for shipment on the evening of that day. Each grower 
is known by a certain number, which must be stamped on all shipping 
erates brought in, and all berries delivered are credited to his num- 
ber, shipping berries by number of crates and canning berries by 
weight. 

Vic. 12.—A receiving shed at Puyallup, Wash., where berries are sorted by cups into 

shipping and canning crates. 

These practices are expensive of time and equipment and suggest 

the need of a cooperative plan for hauling the product. It would 

seem practicable to devise an effective plan which would conserve 

the time of the grower as well-as simplify the work at the receiving 

station. 

GRADING. 

Berries intended for shipment are inspected before they are loaded 

into the car and are separated into various grades, the grading being 

based on their degree of maturity, firmness, and the care shown in 
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picking. (See fig. 15.) The berries run fairly uniform throughout 
the crate, and the inspection is made by lifting up one end of the 
cover and at a glance deciding on the general condition of the berries 
as they appear in the top layer. There are four established grades, 

as follows: 

D.—Stock that can be shipped 2,000 miles or more. . 

M.—Stock of such character and maturity that it can be safely shipped more 

than 1,000 miles. 

H.—Stock which because of faulty handling or overripeness must be consumed 

in 24 hours. Such stock is used for local express shipments in pony refriger- 

ators to near-by points. 

A.—Stock too soft and ripe for anything but canning. 

Fic. 13.—Growers waiting in line at Puyallup, Wash., to deliver the day’s pick of red 

raspberries at the cannery or receiving station. Note the various types of wagons 

and carts in use. 

SHIPPING AND MARKETING. 

Red raspberries and other berries from this section are shipped by 
express in crates to near-by cities, like Seattle, in pony refriger- 
ators to markets as far distant as Spokane, Wash., and Missoula, 

Mont., and in full carload lots in express refrigerator cars as far 
east as Minneapolis, Minn. Before and after the car-lot season, pony 

refrigerators are shipped to a greater number of markets and to 

greater distances than during the car-lot season. Where berries are 
shipped in crates, not in carload lots, no refrigeration is possible in 
transit, and this necessarily limits the distance to which they can 
be shipped in good condition. The crate ordinarily used holds 24 
cups in 2 layers of 12 baskets each, and has a middle partition board. 
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The removable veneer used to separate the top and bottom tiers is 
fitted into notches cut into the end and middle partition. The pony 
refrigerator used in this section holds 54 cups in 6 layers of 9 cups 
each. (See fig. 16.) An ice pan, with drainage, is placed in the 
top of the carrier, the refrigeration provided being in proportion to 
the capacity and the quantity of ice in the ice pan. This method 
of shipment is utilized throughout the season to supply markets at 
a considerable distance that can not handle full carload lots and that 
can not be reached without the utilization of refrigeration. 

During the main part of the season most of the berries are shipped 
in express refrigerator cars. These cars are attached to regular fast 
passenger trains and go through on passenger schedules. The cars 

Fic. 14.—Delivering red raspberries at the receiving station at Puyallup, Wash., types 

of vehicles ranging from carts to large drays and express wagons being used for 

hauling. 

are fully iced at least 12 hours before loading, and after they are 
fully loaded from 100 to 200 pounds of salt is mixed in with the 
erushed or broken ice in each bunker. At icing stations the cars are 
re-iced and may also be resalted. While salt melts the ice more 
rapidly, it supplies more refrigeration than would be the case if no 

salt was used. Every effort is made to get all of the fruit of a day’s 
picking into refrigerator cars as soon as possible and to start the 
‘ars on the same day or evening that the berries are picked and 

loaded. The standard load for all except Canadian points is 545 

crates, loaded 8 and 9 high in rows of 5 across the car. The load is 

well cleated and braced in the center, so that there is seldom any 

shifting or breakage in transit. The carload shipments are sent to 
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Butte, Helena, and Billings, Mont., and to various points in North 

Dakota and South Dakota, such as Fargo, Grand Forks, and Aber- 
deen, as far east as Lincoln, Nebr., and Minneapolis, Minn., and to 
such Canadian points as Winnipeg, Calgary, Edmonton, Regina, and 
Moosejaw. 

Nearly all of the berries in the valley are marketed through the 
association, there being very few growers who are not members. 
All of the berries that are not shipped are turned in to the cannery, 
the association paying a uniform price to its members, determined 
after the running expenses and the selling prices are known. During 
the season of 1912 a considerable quantity of the fruit turned in to 
the cannery was put up in barrels. Practically no berries are evapo- 
rated in this section. 

Fic, 15.—Inspecting red raspberries on the platform at Puyallup, Wash., before loading 

them into a refrigerator car, 

CAUSES OF DECAY OF FRUIT IN TRANSIT. 

The most common cause of decay of berries in transit and after 
arrival on the market are mold fungi, principally gray or black 
mold (Botrytis) and blue mold (Penicillium). Neither of these two 
fungi seriously attacks firm, sound berries, but they quickly attack 
and cause the decay of berries injured or bruised in handling or soft 
from being overripe. Investigations with less tender and perish- 
able fruits, such as oranges, apples, pineapples, lemons, and the like, 
have demonstrated that there is a direct relationship existing between 
the type of handling given the fruit and its behavior after picking, 
in transit, and after arrival on the market. The results of the work 

with berries are fully consistent with the general principles under- 
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lying the relationship between methods of preparing the fruits for 
shipment and their behavior in transit and on the market. The meth- 
ods of handling red raspberries in picking and in shipping determine 
the condition of the berries on the market fully as much as does 
handling in the shipment of oranges. In the handling of red 
raspberries three factors primarily determine the amount of decay 
and the condition of the berries on the market: (1) Injuries in 
handling; (2) sorting as to ripeness; (3) promptness and rapidity of 

cooling. 

¥ic. 16.—A pony refrigerator used for the shipment of small lots of red raspberries 

under refrigeration. The open refrigerator shows six compartments, three of which 

are filled, 

INJURIES IN HANDLING. 

The most common injuries result from carelessness in picking the 

berries from the vines, by breaking or bruising them when pulling 

them away from the receptacle and by mashing them in the hand 
before placing them in the cups. In inspections on the market it 

is a very common thing to find cups containing masses of decay 

‘Stubenrauch, A. V., Ramsey, HW. J., and others. Factors governing the successful 

shipment of oranges from [lorida. WU. $8. Department of Agriculture Bulletin No. 63, 

50 p., 1914. 
Powell, G. Harold, and others. The decay of oranges while in transit from California, 

Bureau of Plant Industry Bulletin No. 123, 79 p., 1908, 
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easily traceable to berries mashed in the hand of the picker before 
being placed in the cup. Serious injury and decay also result from 
attempts by pickers to sort over filled or partly filled cups. 

The injury and decay that result from breaking the berry or 
bruising it when pulling it away from the receptacle is probably the 
most common and serious. This injury can be avoided almost entirely 
by using three fingers instead of two and by pulling the berries off 
straight rather than sidewise. 

Three fingers distribute the pressure more evenly and greatly lessen 
lability from injury, provided no more pressure is applied than is 
necessary to separate the berries from the receptacle. 

SORTING AS TO OVERRIPENESS. 

One of the most comrhon causes of decay and deterioration is 
carelessness in sorting berries into their proper grades at the time 
of picking. Berries intended for long-distance shipment must be 
at as nearly the same stage of development as possible, with none 
overripe or soft at the time of picking. Every grower knows when 
a berry is in ideal condition for long-distance shipment and strives 
to have his pickers exercise due precaution and care to place only 
sound, uninjured, unbroken, properly matured berries in the cups. 

This practically means the removal of the berries from the vines as 
quickly as they will slip off the core. Overripe and soft berries 
when mixed with the properly handled and properly matured ones 

cause the spoilage of the whole cup and reduce the value of the whole 
crate. A soft berry will soon break down; molds will gain entrance 

and not only cause the decay of the single berry but spread through- 
out the cup. Too much emphasis can not be placed on faultless 
sorting. 

PROMPTNESS AND QUICKNESS IN COOLING. 

Apparently the ripening processes of red raspberries continue very 
actively after the fruit is removed from the vine, and especially if 
the temperatures are relatively high. To arrest the physiological 
activities which constitute ripening, to retard and prevent the ger- 
mination of mold spores, and to retard the development and growth 
of mold fungi, it is essential that the berries be promptly and 
quickly cooled after picking. The picked berries lose much of their 
life by standing in the sun after picking and by delay in getting 
them into a refrigerator car. The necessity of prompt and quick . 
cooling will be more fully discussed later. 

OTHER INJURIES. 

Considerable injury also occurs in hauling over rough roads or 

on springless wagons and in rough, careless handling to and from 
the wagon in such a way that the berries roll around in the cups, 
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becoming injured, mashed, and broken. The same applies to han- 
dling in the car or in pony refrigerators. A pony refrigerator (fig. 
16), when being loaded into an express car, is often tilted at such an 
angle and so violently jolted that berries are badly mashed and in- 
jured by rolling around in the cups. Much greater care could easily 
be exercised even in such a hurry-up job as loading express shipments. 
Rough, uneven loading platforms are also the cause of considerable 
injury as the fruit is trucked to the car. 

FREQUENCY OF PICKING. 

It is customary to pick a patch over once a day, although patches 
are frequently left two or three days. The pickings should be made 
sufficiently close together to avoid having any considerable propor- 
tion of overripe berries. Overripe berries are usually sent to the 
cannery, but a lot of such berries in a patch makes it extremely diffi- 
cult to obtain good and proper sorting, the result being that a great 
many good shipping berries with a few overripe ones in them are 
sent to the cannery or else are shipped, with the inevitable decay and 
poor returns as a result. 

RELATION OF RAINFALL TO HANDLING. 

The climatic conditions during a season to a great extent de- 
termine not only the shipping quality but also the quantity shipped 

in a fresh state. During wet, rainy periods it is impracticable to 
pick berries. Much fruit becomes overripe, and if the rainy weather 
continues for any length of time all the berries will lack the desired 
firmness, being soft, very tender, and full of moisture. The rains 
therefore determine largely the fresh-fruit output and are a big 

factor in the success attained during any one season. Many berries 

mold on the vines during muggy weather, and all the berries are so 

extremely tender as to stand practically no pressure or handling 

without injury. 

RELATION OF METHODS OF GROWING TO KEEPING QUALITY. 

The liability to injury in handling depends to some extent also on 

the methods of growing and training. The visible evidence in the 

valley seems to indicate that potash used with judgment tends toward 

firmer and better keeping berries. This statement is not based on any 
experimental evidence, but only on a general existing belief among 

the better growers and on observation during the two seasons cov- 

ered by this work. It is, of course, mnnecessary to consider all 
those factors in culture that tend to produce first-class fruit. The 
desirability and advantage of high quality are unquestioned. Much 
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can be done in training to reduce the lability to injury, especially at 
harvest time. It is customary to cut out the greater portion of the 
nonbearing wood, leaving only sufficient to allow for a good selection 
of canes for next year. The remaining nonbearing canes are often- 

times sorted out from the others and tied to a separate wire in order 

to facilitate picking. This enables the pickers to get at the berries 
more easily, lessens the liability of leaving berries that should be 

picked, and makes it possible to do the picking with more care. 

THE LABOR PROBLEM. 

The fact that much of the picking is done by help which has had 
no previous experience necessitates a great deal of painstaking work 
on the part of the grower and foreman in instructing the pickers in 
proper methods and in seeing that they follow instructions. Until the 
labor becomes thoroughly trained the picking may be anything but 
that desired or necessary for the best results. A great many of the 
pickers are children, and it is almost impossible to impress upon them 
the reason or necessity for careful handling and to imbue them with 
the proper feeling of responsibility. Aside from other considerations, 
the fact that the pickers are paid almost entirely on the basis of 
quantity makes the problem of securing proper care in handling even 
more difficult. 

HANDLING, AN ECONOMIC PROBLEM. 

- The problem of handling is one of great economic importance and 
equally as momentous as that of growing. The fullest measure of 

success can come only to those who, after producing the finest fruit 
possible, successfully solve the problem of handling so as to insure 
the maximum carrying quality of the fruit. To overcome the losses 

in transit and to broaden the marketing territory are strictly business 

propositions related to methods of organizing the berry business, to 
systems of hiring labor, to methods of picking, hauling, and ship- 
ping, to methods of inspection at receiving sheds, and to the proper 
utilization of precooling and refrigeration. Any system of handling 
that puts a premium on quantity and not quality must necessarily be 
detrimental to the best interests of the industry. 

CAREFUL-HANDLING EXPERIMENTS. 

During the season of 1911 and 1912 a series of careful-handling 
experiments was made in order to determine the relation of the 
methods of handling to the decay and deterioration of red raspberries 
in transit and after arrival on the market. Each lot or series con- 
sisted of a number of carefully handled crates of raspberries with 
the same number of comparable commercially handled crates from 
the same yard and picked at the same time. During the season of 
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1911 it was found impracticable to make shipments, and therefore 

all lots were held in a fully iced refrigerator car, from which fruit 
was withdrawn after lapses of time representing transit periods of 
four, six, and eight days, respectively. The percentages of decay 
were determined by carefully separating the moldy and soft berries’ 
from the sound ones, the percentages being based on actual weights 

of moldy, soft, and sound berries. 

RESULTS OF THE HOLDING TESTS IN 1911. 

The carefully handled berries held in a car for four days developed 
only 0.4 per cent of decay, while the commercially handled compar- 

able lots developed an average of 4.6 per cent of decay. The berries 
held six days in a car developed even more striking differences, the 

CAREFUL ORDINARY 
HANDLING COMMERCIAL HANDLING 

FER CENT DECAY FER CENT DECAY 
S 10 5 ° ONES 10 15 

RL FOUR DAYSINCAR! °" T ' 
[04 on witHoRAwAL 4.6 

Mio onEDAYLATER 17.5 (oo 

SIX_DAYS IN CAR 
[02 oONwitHDRAWAL 9.9 

MMM 3s oneoycsteR 31.9 (oo 

EIGHT DAYS IN CAR 

M22 ON WITHDRAWAL 26.7 [eae 

Ga 6) one ws TER 497.6 (0 

Fic. 17.—Diagram illustrating the percentage of decay in carefully handled and com- 

mercially handled red raspberries held in an iced car at Puyallup, Wash., for four, 

six, and eight days, on withdrawal and one day later, season of 1911. 

carefully handled 0.2 per cent and the commercially handled 9.9 

per cent of decay. At the end of eight days the carefully handled 
fruit had developed but 2.2 per cent of decay as against 26.7 in that 
commercially handled, or only one-twelfth as much. At the end of 

eight days the carefully handled fruit had developed only half as 
much decay as that commercially handled in the car but four days. 
Figure 17 and Table I show the differences in decay due to differences 
in handling metheds. Included under the term “ decay ” as used here 
are both soft and moldy berries. Under the first designation are 

included berries entirely too soft and mushy to be marketable for any 
purpose, but showing no mold. 

The development of less decay in the fruit held in the car six days 

than in that held for but four days is an apparent, inconsistency, but 

it is easily accounted for when one takes into consideration the fact 
that different lots of fruit must necessarily be used at each inspection. 
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While the aggregate of fruit used in these investigations was large, 
the quantity of fruit inspected each time for any part of a single ex- 
periment or test was necessarily limited, and such slight discrepancies 
as occur in Table I and others usually result from occasional bad 
decay in a single cup or crate. 

TABLE I.—Decay in carefully handled and commercially handled red raspberries 
held in an iced car at Puyallup, Wash., in 1911. 

% 

Decay on withdrawal. | Decay 1 day after withdrawal. 

Time in iced car. | 
| Carefully Commercially Carefully Commercially 

handled. handled. handled. handled. 

| Per cent. Per cent. Per cent. Per cent. 
AAAS A Hesee Kyose Sos dsopsee wee see ee 0.4 4.6 1.0 17.5 
Gilet tec ae a on eae | tg 9.9 3.8 31.9 

6.7 8.1 47.6 Sidays ices = se elsee shee men somes soem | 29) 2 

MARKET-HOLDING TESTS. 

One-half of the fruit from each withdrawal was held one day 
under ordinary market conditions and another determination of 
decay and deterioration was made. The result of these inspections 
is even more striking than of those made on withdrawal. This is 
self-evident when allowance is made for the extremely favorable 
conditions existing for the development of mold or deterioration 
when fruit is exposed to contact, with warm air. Imperfections or 

injuries due to improper and rough handling, as well as overripe 
berries, offer the maximum conditions for spoilage. The carefully 
handled fruit held four days in the refrigerator car and one day 
after withdrawal developed 1 per cent of decay, the commercially 
handled 17.5 per cent. The after-withdrawal inspections of the 
6-day lot showed 3.8 per cent of decay in the carefully handled and 
31.8 per cent of decay in the commercially handled fruit, while similar 
inspections of the 8-day lots showed 8.1 per cent of decay in the care- 
fully handled and 47.6 per cent in the commercially handled berries. 
Figure 17 brings out most strikingly these differences and the relation 
of handling to keeping quality. 
From this showing it is safe to assume that fruit handled with the 

proper degree of care can be shipped fully twice the present distance, 
or a distance representing a haul of 4,000 miles, as against a 2,000- 
mile haul for ordinarily handled fruit. This assumption is further 
strengthened and the results in 1911 further corroborated by the re- 
sults of the careful-handling work during the season of 1912, when a 
series of actual shipments was made to Grand Forks, N. Dak. The 
fruit held in the iced car at Puyallup the previous season was really 
under more favorable conditions than exist in a fully loaded refrig- 
erator car, as the holding car was only partially filled and the rate 
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of cooling of all lots was more rapid than in fully loaded cars. It 
was therefore deemed necessary to obtain some data from actual ship- 
ping experiments. 

Great difficulty was experienced in procuring the desired number 
of cars consigned to any one market, but arrangements were made to 

place the experimental crates in cars destined for Grand Forks or 
routed through that point, opening the cars and withdrawing the 
erates in transit. The crates were transferred to an iced car held 
there, the transfer being made quickly after wrapping in thick can- 

vas to protect the contents from contact with the warmer air and pre- 
vent a consequent condensation of moisture. The fruit was transferred 
to the refrigerator car and held for different lengths of time after 
arrival there, in order that conditions representing hauls of approxi- 
mately four, six, and eight days might be obtained. The period of 

transportation to Grand Forks was usually a little less than four days, 

CAREFUL : ORDINARY | 
HANDLING COMMERCIAL HANDLING 
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Fic. 18.—Diagram illustrating the percentage of decay in carefully handled and ordi- 

nary commercially handled red raspberries after arrival at Grand Forks, N. Dak. The 

decay shown under the heading ‘*“‘ Four days in car” is that developed in transit from 

Puyallup to Grand Forks, and the decay shown under the headings ‘‘ Six days in car” 

and *“‘ Bight days in ear,” respectively, represent additional holding periods in an iced 

car at Grand Forks of two and four days, making total transit periods of six and 

eight days. 

and the fruit was quite thoroughly cooled in transit, so that the trans- 
fer to another iced car resulted in but slight change in temperature. 
The holding periods of two and four days in this car after arrival 
therefore gave conditions during transit periods of six and eight 
days. These periods correspond with the holding periods at Puyallup 
during the season of 1911. 

SHIPPING TESTS DURING THE SEASON OF 1912. 

Figure 18 and Table II show the results of these inspections and 

corroborate fully the results of the season of 1911. 

The carefully handled fruit shows but 0.2, 0.8, and 2.7 per cent of 

decay at the end of four, six, and eight days, respectively, as against 
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3.9, 7.4, and 14.6 per cent of decay for the commercially handled 

berries for the same periods. The after-withdrawal inspections are 
equally striking. There was less decay (2.7 per cent) in the care- 
fully handled fruit at the end of eight days than in that commercially 

handled at the end of but four days (3.9 per cent). These results so 
fully corroborate those obtained during the season of 1911 that fur- 
ther discussion is unnecessary. : 

TABLE II.—Decay in carefully handled and commercially handled red raspber- 
ries shipped to Grand Forks, N. Dak., in 1912. 

Decay on withdrawal. Decay 1 day after withdrawal. 

Time in iced car. 
Carefully Commercially Carefully Commercially 
handled... - handled. handled. handled. 

Per cent. Per cent. Per cent. Per cent. 
WOb Nie esocsanaoaucpesndacsesaausnpecsace 0.2 3.9 0.8 9.7 
Gd ay Seen a aE Soe aE eae eee 8 7.4 56) 19.8 
GUE WE sonssonaconsaucocdasasesoosesias- 2a 14.6 8.1 31.3 

WHAT CONSTITUTES CAREFUL HANDLING. 

In view of the superior carrying qualities of the carefully handled 
fruit and the marked advantage that its better market-holding prop- 
erties give it, it may well be asked, What constitutes careful han- 
dling? This can best be answered by a description of the methods 
used in picking the specially and carefully handled lots. 
‘Special care was taken to remove the berries from the bushes with- 

out breaking or crushing them and to place each berry in a cup 
immediately, in order to avoid mashing it in the hand. Bruising in 
picking can be avoided to a great extent by using three fingers on 
each berry instead of two. When only two fingers are used, the 
pressure is concentrated at two points on the berry, while the use of 
three fingers distributes the pressure more evenly and very greatly 
lessens the lability to injury, provided no more pressure than is 
necessary is used to separate the cap from the receptacle. Great 
care was exercised to place all overripe berries in separate cups and 

to put none but sound, unbroken, uninjured, and properly matured 
berries into cups and crates intended for long-distance shipment. 
Berries may be considered properly matured as soon as they will 
slip off the core without breaking. The frequency of picking also 
is a factor in careful handling. Proper handling, as above described, 
is comparatively a simple matter where the pickings are made 
sufficiently close together to avoid having an undue proportion of 
overripe berries in the yard. If a grower gets behind in the pick- 
ing, careful handling is much more difficult of accomplishment, 
owing to the great quantity of “overripes.” The filled crates were 
hauled to the receiving station or car in spring wagons and covered 
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with canvas to protect the fruit from the sun and dust. Previous 
to loading, the crates containing the fruit were kept in the shade 
of a receiving shed and exposed as little as possible to the sun after 
removal from the vines. When loading on and unloading from the 
wagons and when placing in the car the crates were handled with 
all possible care, especial effort being made to keep them in a hori- 

zontal position and to prevent hard jolting in placing them on the 
platform or in the car. The too frequent practice of tipping crates 
nearly on end in loading cars results in considerable bruising, as the 
berries roll from 
side to side in the | gcowee 
cups and against 
the division board 
and the cover. 

That the berries 

can be handled com- 
mercially with suf- 
ficient care to in- 
sure the desired 
keeping quality is 
not seriously ques- 
tioned by  intelli- 

> TR eh a 
largely a matter of fruit oblained from various growers, this fruit being held 

the thorough or- e ayaa eye for four days at Puyallup, Wash., 

ganization of their 

forces, proper instruction in methods of handling, constant super- 

vision, and careful inspection of work. That many growers are 
already accomplishing the work as well or better even than did the 
workers of the Bureau of Plant Industry is indicated in Table III 

and figure 19, which show the percentages of mold, soft berries, and 
total deterioration in the first inspection of fruit from twelve differ- 

ent growers. The decay runs all the way from 1.3 per cent to 39 
per cent. 

FER CENT DECAY 

NUMBER fo 

114 

149 

Tarte IIl.—Moldy and soft berries and total decay in commercially handled 

lots of red. raspberries from different growers held in an iced car at Puyallup, 
Wash., in 1911. 

| | | 

Grower No. Moldy. Soft. Piobed Grower No, Moldy. Soft. eee 
| 

Per cent. | Per cent. Percent. | Percent. | Per cent. | Per cent. 
114.. 29.5 9.0 38.5. || 140. caguewae sane see 36.4 0.4 36.8 
149. 30.6 1.5 32.4 2. eee 6.7 20.0 26.7 
247. . 1.3 | 6.2 7.5 LU . iene sanded se 38.0 1.0 39.0 

ZA. —_ 27.1 4.2 $1.4 55... jie week ani A a!) 1.3 

287. Janae 7.4 A 7.8 || 201. Sommees esc coe. si! 1.2 1.3 
476. 5.6 1.3 | 9.9 || 183.2 .ccereneeneeves 5 10.0 1O.5 
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These men paid their pickers the same wage. The great differences 
noted were due mainly to the character of the work required by the 
owner from his help. These figures emphasize most strongly the need 
of closer supervision of the picking by the association. If all the 
handling operations could be brought up to the standard of the better 
ones shown in the above table, the carrving quality and reputation 
of the fruit would be greatly enhanced, the markets could be greatly 
extended, and more remunerative prices could be obtained. 

EFFECT OF DELAY IN COOLING ON KEEPING QUALITY. 

Nearly everyone recognizes the need for the prompt cooling of fruits 
intended either for shipment or storage, particularly such tender 
fruits as red raspberries, which ripen very rapidly after removal from 

IMMEDIATE DELAYED 

PER CLNT DECAY FER CENT DECAY 
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Fic. 20.—Diagram illustrating the percentage of decay in red raspberries of immediate 

and delayed loading, season of 1911, representing comparable lots of fruit, the 

immediate loaded as soon as brought in from the field, the delayed held over until the 

next day before being placed in the refrigerator car. Both lots were held in an iced 

ear at Puyallup, Wash. 

the vines, especially if the temperatures are relatively high. To dem- 
onstrate the effect of delay in cooling on red raspberries, a certain 
number of crates from each series during the 1911 season were held 
out and not placed in the refrigerator car until the afternoon of the 
following day. Table IV and figure 20 bring out strikingly the 
results. 

TABLE IV.—Decay in commercially handled red raspberries following immediate 
and delayed loading at Puyallup, Wash., in 1911. 

Decay 1 day after with- 
Decay on withdrawal. anal 

Time in iced car. 

Immediate.| Delayed. |Immediate.| Delayed. 

AGES Sia eee Seca oley Chiken fbi UAE ie gw ARURRR RA 925. oi 3 7.1 27.7 18.3 39.5 
(5 EN TS ee see I Oe tll MIME 8 16.9 38.7 28.3 54.5 
Sidayssigi sy oe Sere OLN aaeee eae 30. 2 50. 4 43.5 62.1 
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A comparison of the figures and diagrams should be sufficient. 
The immediate lots showed 7.1 per cent of decay as against 27.7 per 
cent of decay in the delayed lots of the same fruit after four days 
in the car. At the second inspection, after six days in the car, the 

_Immediate lots had 16.9 per cent of decay as against 38.7 per cent 
of decay for the delayed berries, and at the end of the 8-day period 
the immediate lots showed 30.2 per cent of decay as against 50.4 per 
cent of decay in the delayed fruit. The inspections one day later are 
equally striking and convincing. These results serve to emphasize 
further the importance of protecting the fruit after picking from 
undue exposure to the sun and of getting the fruit under refrigera- 
tion quickly. 

PRECOOLING EXPERIMENTS. 

In the precooling experiments with red raspberries at Puyallup 
during the season of 1911, it was not possible to combine the careful- 
handling investigations with precooling. The precooling tests in- 
cluded, therefore, only commercially handled lots. The precooling 
was accomplished by means of the portable ammonia plant of the 
Department of Agriculture, both before and after loading the fruit 
in the cars. For the warehouse precooling tests—cooling before 
loading—a refrigerator car was used as a warehouse cooling room 
by putting in a false floor and ceiling and the fruit loaded into the 
car was cooled by forcing the cold air from the precooling plant 
under and through the false floor and the fruit. After cooling, the 
fruit was transferred into another pre-iced refrigerator car for 
shipment, the loading being done through a canvas hood to protect 
the fruit from contact with the warm outside air. Only a few tests 
were made with this outfit. 

Most of the precooling tests were made with fully loaded cars, 
the cold air being forced in one bunker through the fruit and taken 
out at the other bunker and back to the plant for recooling. It was 
not practicable to obtain inspections at the market end, and therefore 

marked crates from the precooled cars, together with check crates 
of the same fruit nonprecooled, were held in an iced car for four, 
six, and eight days. In most cases the average temperatures of the 

fruit in the precooled cars were reduced to about 40°, the initial 
temperatures being often above 70° F. 

The results of this work, while decidedly beneficial in most re- 

spects, emphasize strikingly, as in the case of many other fruits used 
in similar tests, that precooling can never be depended upon to ac- 
complish nearly as much as careful handling. While precooling 
proved decidedly beneficial, it did not in any measure overcome the 
bad effects of rough, careless, and improper handling. The most 
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noticeable feature of the precooling was the improved appearance 
of the precooled berries, which were decidedly brighter and fresher 
than those held without precooling. 

PRECOOLING EXPERIMENTS IN THE SEASON OF 1911. 

The inspections were made in the same way as those previously 
described for the careful-handling investigations. Table V and 
figure 21 give the results of the precooling work during the season 
of 1911. ; 

TABLE V.—Decay in commercially handled red raspberries that were immedi- 
ately loaded and held in an iced car with and without precooling. 

2 Decay 1 day after 
Decay on withdrawal. withdrawal. 

Time in iced car. 

Non- Non- 
Precooled. precooled. Precooled. precooled. 

Per cent. Per cent. Per cent. Per cent. 
Ay eiy Sep = ho poge. gk eS NE es 7 Pek Ola eae ee pene Dw 5.9 9. 6.5 
GidaYS% <h22 a5 Se enie= soem ieee sic los Sa = eee eee eee 9.1 15.4 19.1 34.8 
8: days ae OS ht Soke ses PEE eee ee eee 17.2 27.3 36.0 45.1 

Precooled, immediately loaded, commercially handled berries 
showed 2.2 per cent of decay and the nonprecooled 5.9 per cent of de- 

PRECOOLED NON PRECOOLED 
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Fic. 21.—Diagram illustrating the percentage of decay in comparable precooled and 

nonprecooled commercially handled red raspberries held in an iced car, season of 

1911, at Puyallup, Wash., for four, six, and eight days. 

cay at the end of the 4-day period, and 9.1 per cent of decay and 15.4 
per cent of decay, respectively, at the end of the 8-day period. The 
after-withdrawal inspections are consistent with the withdrawal 
results. The ratio of percentages of decay is much the same at the 
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end of the 4-day period (9.5 per cent of decay in the precooled and 
16.5 per cent of decay in the regular iced) and at the end of the 
8-day period (36 per cent of decay in the precooled and 45.1 per | 
cent of decay in the nonprecooled). These data, while emphasizing 
the beneficial effects of precooling, bring out most strongly the im- 
portance of careful handling. 

PRECOOLING EXPERIMENTS IN THE SEASON OF 1912. 

During the season of 1912 the precooling investigations were con- 
tinued, and carefully handled as well as commercially handled ber- 
ries were used. The fruit was shipped to Grand Forks, N. Dak., 
as in the case of the handling investigations previously noted. Un- 

~PRECOOLED NON PRECOOLED 

FER CENT DECAY PER CENT DECAY 
ss 16 s ° °o s 10 5 20 25 30 3s 40 as so 

I | FOUR DAYS IN CAR! I y } J : | 

MP 1.0 ON WITHDRAWAL 0.0 

0.0 ONEDAYLATER 1.1 JJ 

SIX_DAYS IN CAR 

0.0 ONWITHDRAWAL 0.2 I 

5.7 ONE DAY LATER 12.6 (I 

LIGHT DAYS IN CAR 
0.0 ON WITHDRAWAL 4.8 

39 ONE DAY LATER 18.6 (IMM 

earefully handled red raspberries shipped from Puyallup, Wash., to Grand Forks, 

N. Dak., season of 1912. 

fortunately, owing to market conditions a number of precooled and 
check cars were diverted and did not reach the inspection point. 
The data, while therefore not as comprehensive as desirable, are 

nevertheless consistent with the results of the 1911 season and are 
considered sufficiently conclusive to warrant final deductions being 

made. 

As in the season of 1911, more beneficial results were obtained from 

careful handling than from precooling alone. The results, however, 
bring out clearly the fact that precooling with proper handling is 
of great service and value in the preservation of fruits like red 
raspberries in maximum good condition while in transit. Table VI 

and figure 22 show the results of the carefully handled precooled 
and nonprecooled shipments. 
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TABLE VI.—Decay in carefully handled red raspberries shipped to Grand Forks, 
N. Dak., under ordinary icing, with and without precooling, in 1912. 

Decay 1 day after with- Decay on withdrawal. drawal 

Time in iced car. 7 

Nonpre- Nonpre- 
cooled. Precooled. Precooled. cooled. 

Per cent. Per cent. Per cent. Per cent. 
1.0 0 0 1.1 AGAYS ish obo) Sener os ee Pe eR ae ae ee 

Odays)so 22k Seo ee one ee ac eS Se ne ee eee 0 2 5.7 12.6 
Says so 28vic Ses ce Dok 2 cee ee ce eeiee ois eee 0 4.8 3.9 18.6 

The precooled, carefully handled berries showed practically no 
decay on withdrawal after four, six, and eight days in the car, ex- 
cept 1 per cent after four days. This is an apparent discrepancy, 
but it is easily accounted for when one considers that it is impossi- 
ble to use the same lots for inspection more than once. The non- 
precooled berries showed no decay at the first withdrawal, 0.2 per 
cent of decay at the second, and 4.8 per cent of decay at the end of 

PRECOOLED NON PRECOOLED 

FER CENT DECAY PER CENT DECAY 
15 io 9 ° s 10 1s 

i _* “Troup pays In cari 
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Fie. 25.—Diagram illustrating the percentage of decay in precooled and nonprecooled 

commercially handled red raspberries shipped from Puyallup, Wash., to Grand Forks, 

N. Dak., season of 1912. 

the 8-day period. The after-withdrawal inspections, after the fruit 
had been held on the market for one day, are even more striking 
and instructive. The first market-holding inspection of the pre- 
cooled fruit showed it to be apparently sound, while at the second in- 
spection there had developed 12.6 per cent of decay and at the third 
inspection there was found 18.6 per cent of decay. While there was 
little difference between the precooled and nonprecooled fruit at the 
withdrawal inspections, there was quite a marked difference in favor 
of the precooled berries in the market-holding inspections. The non- 
precooled fruit apparently was somewhat riper, having ripened or 
matured more rapidly under the higher temperatures in the cars 
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not precooled, and it therefore commenced to break down sooner than 
the precooled fruit. 

The effect of precooling on commercially handled fruit is equally 
consistent with the results of the season of 1911, as shown in Table 
VII and figure 23. It is hardly necessary to discuss these data in 
detail. 

TABLE VII.—Decay in commercially handled red raspberries shipped to Grand 
Forks, N. Dak., under ordinary icing, with and without precooling, in 1912. 

Decay on withdrawal. Decay 1 day after with- 
drawal. 

Time in iced car. 

Nonpre- Nonpre- 
| Precooled, enoleds Precooled. eonicde 

Per cent. Per cent. Per cent. Per cent. 
Lo LETS: et ES ee re eer } 4.2 7.4 8.3 13.8 
Piss: 111. eer 4.8 11.9 13.7 25.5 
DOL) Sse sc 3c See g Eee eee eee Bem eeeesc sais 11.4 22.7 21.1 36.4 

While again emphasizing the beneficial effects of precooling, these 
results emphasize even more strongly the importance of careful 

handling. The difference in decay between the precooled and non- 
precooled berries indicates clearly the effect of temperature on the 
acceleration or retardation of the ripening processes and the growth 
of mold fungi. The more promptly the fruit is cooled and the 
lower the temperature (without actual freezing) at which the fruit 
is held in transit, the more quickly and completely are the ripening 
processes checked and the slower is the growth of mold fungi. 

Taste VIII.—Decay in carefully handled precooled and commercially handled 
nonprecooled red raspberries shipped-to Grand Forks, N. Dak., in 1912. 

Decay on withdrawal. Decay 2 days after withdrawal. 

Time in iced car. 1 : ; 
Carefully han- | Pommerclally | Carefully han- | Commercially 
dled precooled. precooled dled precooled. precooled 7 

Per cent. Per cent. Per cent. Per cent. 
MDB re asacesccrsdetc anne ---| 1,0 7.4 0 13.8 
Citi oi w eR uiniarie.e'<'e * 0 11.9 5.7 25.5 
CO EE ee a 0 22.7 3.9 36.4 

Table VIII and figure 24 give a comparison of decay in cars of pre- 

cooled, carefully handled fruit and nonprecooled, commercially 
handled fruit, which can not fail to be impressive. Careful handling 
with precooling made possible an 8-day trip with sound delivery and 
practically no spoilage during the market-holding period, while the 
commercially handled fruit nonprecooled showed 7.4 and 22.7 per 
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cent of decay, respectively, at the end of 4 and 8 day transit periods, 
with 13.8 per cent of decay and 36.4 per cent of decay at the re- 
spective market-holding inspections. 

CAREFULLY HANDLED COMMERCIALLY HANDLED 

PRECOOLED NON-PRECOOLED 

FER CENT DECAY PER CENT DECAY 
1s 10 5 5 10 
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Fic. 24.—Diagram illustrating the percentage of decay in carefully handled precooled 

red raspberries in comparison with commercially handled nonprecooled red raspberries 

shipped from Puyallup, Wash., to Grand Forks, N. Dak., season of 1912. 

DECAY IN TOP AND BOTTOM CRATES. 

The temperature effect is again strikingly emphasized in a com- 
parison of decay in the top and bottom crates in a refrigerator car. 
It has been conclusively demonstrated that there is a marked differ- 
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Fie. 25.—Diagram illustrating the percentage of decay on withdrawal in bottom and 

top tiers in precooled and nonprecooled commercially handled red raspberries shipped 

from Puyallup, Wash., to Grand Forks, N. Dak., season of 1912. 

ence in temperature at the bottom and the top of the load in an iced 
car. This difference is usually more than 10 degrees and less than 20 
degrees. In the nonprecooled lots the bottom crates showed 5.5 per 

cent of decay and the top crates of the same fruit 9.4 per cent of 
decay at the end of four days. A study of Table IX and figure 25 
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shows these differences to be consistent for all inspections. The pre- 
cooled cars show similar differences, the bottom having 2.6 per cent of 
decay and the top 5.6 per cent at the first withdrawal inspection. 

TABLE IX.—Decay in the top and bottom tiers in commercially handled red 
raspberries shipped to Grand Forks, N. Dak., wnder ordinary icing, with and 
without precooling, in 1912. 

Decay, precooled. Decay, nonprecooled. 

1 day after with- Onmithdrawale 1 day after with- 
Time in iced car. On withdrawal. deal drawal. 

Top. | Bottom. Top. Bottom. Top. Bottom. Top. Bottom. 

Per cent. | Per cent. | Per cent.| Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
RN 5.6 2.6 10.4 7.3 9.4 5.5 18.9 8,7 
a 5 3.0 16.1 111 14.2 9, 30.5 20.5 
> 777) ae | 15.6 7.3 24.9 17.1 2.1! 17.4 44.0 28.7 

TEMPERATURE CONDITIONS IN AN ICED REFRIGERATOR CAR. 

Temperature readings taken during the season of 1913 in a car of 
blackberries in transit from Puyallup to Grand Forks show clearly 
the reason for the 
marked differences in 
decay in berries in 
the top and bottom 
tiers. Figure 26 il- 
lustrates this range 

of temperatures. The 

upper curve shows 
the temperature of 
the fruit in the top 

tier, temperature 
readings being taken 
at the following 
points: Next to the 
bunker, halfway 
from the bunker to lia, 26.—Diagram illustrating the average temperature of 

i fruit in top and bottom tiers and average temperature 

the door, and in the of all fruit in the car of blackberries in transit from 
middle of the car. wassie Wash., to Grand Forks, N. Dak., season of 

The temperatures in 

the lower curve were taken in the bottom tier in the same relative 
positions in the car and were the average of readings taken at three 
points, the same as in the upper curve. The middle curve is simply 

an average of the top and bottom tier readings. In some cases the 

difference in average temperature between the top end bottom crates 
was more than 20 degrees, enough to account for the difference in 
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decay in the fruit in the top and bottom tiers. The lesser difference 
at the beginning of the trip is partly accounted for by the fact that 
the car was partially precooled before shipment. The data presented 

in these curves emphasize strongly the necessity of loading the car in 
such a way as to afford the freest possible circulation of cold air from 
the bunkers to all portions of the car. 

It is not uncommon where salt has been added at each re-icing en 
route to find spoilage both from freezing and from deterioration on 
account of too high temperatures. In such cases the temperature at 

the floor next to the iced bunkers becomes sufficiently low to cause the 
freezing of some of the fruit on the floor in the ends of the car, while 
at the top in the middle of the car the temperature is often so high 
that the fruit is in an overripe condition. The temperature tests made 
in fully loaded cars of berries in transit would indicate thaé it is not 
ordinarily advisable to add salt in re-icing after the first 40 hours in 
transit. During the first part of the journey and before shipment no 
doubt the addition of a certain percentage of salt to the crushed ice 
in the bunker greatly aids in obtaining quick cooling, but the addi- 
tion of salt at each re-icing during a journey of over 40 hours may 
result in considerable damage by freezing in certain portions of the 
car. If there was some way of circulating the cold air throughout 
the car so as to prevent the formation of cold pockets, salting 
throughout at every re-icing would doubtless be highly beneficial. 
Possibly the use of slats or racks on the floor would facilitate the free 
circulation of cold air sufficiently to avoid the danger of freezing, 

~ even though salting was practiced throughout en route. 

THE APPLICATION OF PRECOOLING. 

As a result of these investigations, every effort has been made by 
the industry to procure proper handling, and a precooling plant has 
been erected for cooling the fruit after loading it into the cars. 
After observing the methods of operating a number of precooling 
plants, one is impressed with the need of organizing or adjusting the 
fruit picking and delivery so as to allow sufficient time to precool 

the fruit successfully before it enters upon its journey to a distant 
market. The most serious and common fault is that of allowing too 
little time for precooling; that is, attempting to do precooling in 
less than half or quarter of the time actually necessary to accomplish 

the desired results. Our experience has demonstrated beyond ques- 
tion that the effective precooling of berries can not successfully be 
accomplished in less than four or five hours. The precooling of a 
car, fully loaded, for an hour or two hours accomplishes little in 
the way of actual temperature reduction or in results from the stand- 
point of the condition of the fruit on arrival. The investigations of 
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the Department of Agriculture, as above reported, have demon- 

strated clearly the beneficial results of precooling red raspberries, 

but to get full value out of the money expended in precooling it is 
absolutely necessary to do it properly and well. 

Precooling can not be depended on to offset the bad effects of care- 
less, rough handling, and for such purpose is not justified any more 
than is a half job of precooling of either properly or improperly . 
handled berries. Thorough precooling of properly handled red 
raspberries is fully justified by the results, and is of the greatest 
assistance in delivering berries to the market in good condition. 
Any association, organization, or individual wishing to utilize pre- 
cooling in connection with the long-distance shipment of berries 
should adapt the picking and handling operations to the needs of 
the situation, so as to permit sufficient time for thorough precooling. 
Otherwise, the money put into precooling is very largely wasted. 

SUMMARY. 

The results of these investigations demonstrate that the care exer- 

cised in handling and the promptness with which the fruit is cooled 

are among the most important factors determining the distance over 
which red raspberries can be successfully shipped. These two fac- 

tors, more than any other, determine the condition of the berries on 
arrival at the market and the area of successful distribution. In 
connection with the handling and shipping of fresh red raspberries 
the following recommendations are made. 

While methods of growing, pruning, and training have primarily 
in view the production of the largest possible crop at the most profit- 

able period during the season, the grower should also keep in mind 
the ease or difficulty of harvesting. If the methods of growing, 
pruning, and training are such as to facilitate picking, there will be 
less liability to injury in handling. Too close planting or the non- 

separation of bearing from nonbearing canes increases the difficulty 
of doing the picking either thoroughly or properly. 

Before the harvesting season commences all surplus new growth 
should be cut out and the remaining new canes separated from the 

bearing vines in such a way as to facilitate picking, both as regards 

the finding of the fruit and the picking of it with the least amount 

of injury. 
In picking, three fingers should be used to remove the berry from 

the receptacle instead of two, as is the common practice. Three 
fingers distribute the pressure and lessen the lability to injury. 

Kach berry should be placed in a cup as soon as removed from 

the vine, in order to avoid mashing. When several berries are held 

in the hand while picking it is difficult to avoid crushing them. 
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Crushing or bruising from any cause is to be avoided, as it is often 
the cause of serious losses on the market. 

The greatest care should be exercised in sorting to place only firm, 
good-shipping berries in shipping cups and all soft, everripe, injured 
berries in canning cups. The inclusion of one overripe berry in a 
cup may spoil the whole cup, one cup a whole crate, and a few such 
crates a whole carload. 

It is very important that the yards be picked over so frequently 
that an undue proportion of berries will not become overripe. The 
frequent picking over of a patch makes good sorting in picking much 

~ easier of accomplishment. The 6-basket carrier used in picking 
should be kept in the shade, and as soon as the cups are filled or the 
picking completed the berries should be taken to the sorting shed. 

No sorting over of berries in any individual cup should. be at- 
tempted or permitted, owing to injuries resulting from rehandling. 

Sorting or grading at the shed must necessarily be confined to grad- 
ing by cups, cups showing overripe or mashed berries to be placed in 
canning crates or in crates for local shipment only. Cups containing 
only sound, firm berries should be placed in shipping crates. 

The berries should be hauled to the receiving station on wagons 
provided with good springs and they should be covered to protect 
them from both dust and the sun. 

In handling to and from the wagon and to the car the utmost care 
consistent with commercial requirements and conditions should be 

exercised to keep the crates in a horizontal position. Tipping crates 
on end may result in much decay, as the berries are bruised in rolling 

around in the cups and oftentimes mashed against the cover. 
The berries should be brought in as promptly as possible after 

picking and promptly placed in a refrigerator car or cooling room, 
if one is available. Delay, especially in warm weather, in handling 
the berries, either in the field or at the receiving station, may shorten 
the life of the fruit and is commonly the cause of serious losses. 

Every precaution should be taken to have the cars iced 12 to 24 
hours prior to loading and to keep the car doors open only when 
actually loading. 

The cars should be so loaded as to allow the free circulation of 
air between the tiers of crates, in order to facilitate quick, effective 
cooling. 

The crates themselves should be, as far as is consistent with the 
strength of the packages, the cost of manufacture, etc., partially 
slatted on the bottom and sides to permit free circulation of the air 
and quicker refrigeration. 

Strips or racks on the floor would aid very materially in bringing 
about the quicker and more uniform cooling of the load. The circu- 
lation would be much freer and more rapid, lessening the temperature 
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inequalities shown between the top and bottom tiers and various 
parts of the load. 

The rather common practice of putting in from 100 to 200 pounds 
of salt at the first re-icing after loading and at each re-icing in | 
transit is on the whole beneficial. If the salting of the ice, however, 
is continued beyond 40 hours, or thereabouts, it may result in serious 
damage by freezing the fruit in the bottom crates next to the bunkers. 
Where the fruit has been precooled the addition of salt during 

the first two or three re-icings will no doubt be beneficial, but salt 
should be used more sparingly than where used with nonprecooled 
cars. If the raspberries are to be precooled, there should be the 

least possible delay between picking and precooling. 
The precooling should be thorough, whether done before or after 

loading. Half or partial precooling is not justified. In order to 
do the precooling promptly and to allow sufficient time in which to 
do it thoroughly, the operations of picking, of hauling to the receiv- 
ing station, of loading, of moving cars, and of precooling must be 

made to conform, as far as possible, to train schedules. Precooling 
can not be depended upon to counteract the bad effects of rough and 
careless handling methods. 

O 
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INTRODUCTION. 

At the time of the creation of the national forests in the United 
States the Government very suddenly found itself confronted with 
the problem of organizing an enormous acreage of practically virgin 
timber. It was natural that American forestry turned to the expe- 
rience of the Old World for guidance in this huge task; it was quite 
as natural that the present state of European forestry should have 
served as the ideal to be reached in the shortest time possible. In 
organizing the administrative machinery, European precedent could 

be followed more or less closely, but not so in almost all other phases 
of forestry. Except for certain economic factors and the develop- 
ment of modern machinery, conditions influencing the lumber 
industry in the United States are very dissimilar to those in the 
typical forest countries of central Europe. Our virgin forests them- 

Nore.—This bulletin discusses the bearing of modern forest pathology on forest regulation, a 
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2 BULLETIN 275, U. S. DEPARTMENT OF AGRICULTURE, 

selves, and consequently the timber for sale, are more or less in the 
condition of European forests of several hundred years ago. The 
administration found itself then in the position of a man forced to 
take over not only an obsolete factory producing at random arti- 
cles of daily necessity In enormous quantities without haying any 
control whatever over the quality turned out, but also a huge stock 
of products of all kinds and all values. Modern sales methods 
alone can not make the product any better, and the sudden adoption 
of modern methods of efficiency in the manufacturing end of the 
business would soon disorganize the entire factory. 

It is clear that in the most important branch of forestry, silvi- 
culture, the blind adoption of European methods must encounter 
serious difficulties. Perhaps we are too prone to look upon Euro- 
pean forestry as a science worked out in all its details, the results 
of which are universally accepted as definitely settled. Critical 
perusal of modern European forestry literature shows an entirely 
different state of affairs. Even in Germany many of the funda- 
mental problems of forest organization are steadily discussed and are 
far from being considered as settled. Furthermore, what Gaskill! 
said 11 years ago is true to-day, namely, that “‘EKuropean foresters 
have not developed a true system or science of silviculture capable 
of being applied to virgin conditions or to all conditions.” 

The lessons taught us by earlier forest history in Europe, the 
adaptation rather than adoption of European principles to American 
conditions, and the development of new principles to suit our own 
special needs are therefore the means by which forestry in the United 
States will finally solve the silvicultural problems before it at the 
present day. 

REGULATION OF YIELD. 

WORKING PLANS. 

One fundamental problem has occupied the administration of the 
national forests ever since their creation, that of working plans as the 
expression of forest organization leading to sustained yield. 
Any speculation with regard to the adoption of a system of regula- 

tion must necessarily refer to the normal stand, whether this is clearly 
understood and stated or not. Now, there is no such thing as the 100 
per cent normal stand. Consciously or subconsciously the normal 
stand is taken as the ideal, and from this allowances are made accord- 
ing to the degree in which the stand deviates from the normal. It is 
a remarkable fact that even in European forestry no working system 
has developed of expressing with accuracy the value of allowances 
to be made. This is partly due to the fact that the managed Euro- 
pean forests are relatively closer to the normal. Frequent thinnings 
and improvement fellings eliminate most of the undesirable indi- 

1 Gaskill, Alfred. Silviculture applied to virgin forest conditions, Jn Proc. Soc, Amer. Forest., v. 1, 
no, 2, pp- 62-69, 1905, (See p. 67.) 
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viduals from the stand, which is kept as fully stocked as possible. 
The problem is further simplified by the prevalence of pure stands or 
of stands composed of two, rarely more, well-matched species. The 
management of even-aged stands or stands of all ages also permits a 
relatively close approximation to the normal. 

All these factors are comparatively rare in our practically virgin for- 
ests, which are about as far from the normal as possible. As forests 
they are with few exceptions rather 100 per cent abnormal, and this: 
applies equally well to all unmanaged practically and genuinely virgin 
forests of the world. The farther the forests are removed from the 
normal the less can European results from relatively normal stands 
be applied, and particularly if the abnormality is complicated by the 
presence of a greater number of commercial species on the same 
stand, as is so often the case in our forests. Itis not to be expected 
that at the very beginning of its career the Forest Service should have 
possessed all the facts upon which to base a rational system of sus- 
tained yield. Intensive work of decades is necessary to secure even 
the very foundations. 

It is clear that this lack of fundamental facts must be reflected in 
any attempt to establish some system of sustained yield and, there- 
fore, in any policy of regulation of cut. While Kirkland ' emphat- 
ically demands a policy of cuttimg national-forest timber on the 
Pacific coast on the basis of a sustaimed annual yield, Greeley,” on the 
other hand, points to the difficulties confronting the establishment 
of a sustained annual yield in the forests of the United States. In his 
opinion even, ‘‘modern conditions governing the distribution and 
sale of lumber make the sustained yield from the standpoint of a 
permanent supply for consumers of wood very much of a fiction.’”’ 
We have at the present time no more authoritative statement con- 
cerning the policy of the administration of the national forests. 

With regard to the regulation of sustained yield, Chapman ? arrives 
at asimilar result in discussing the regulation of cut on national forests. 

Until recently the annual cut permitted upon national forests has been determined 
by Von Mantel’s method, based solely on the present nature of the merchantable 

stand and a somewhat arbitrary rotation. A few attempts have been made lately 

to base the cut upon the increment of the forest by use of the Austrian formula. At the 

same time there has come a general awakening to the fact that our knowledge of the 

actual increment of virgin forests is conspicuously lacking. Without this knowledge 

systematic regulation of yield must remain on crude and wholly unsatisfactory founda- 
tions. The question can not be dodged by quoting the generality that in virgin 
forests growth equals decay. 

1 Kirkland, &B. P. The need of a vigorous policy of encouraging cutting on the national forests of the 

Pacific coast. In Forestry Quart., v. 9, no. 3, pp. 375-390, 1911, 

4 Greeley, W.%. National forest sales on the Pacific coast. Im Proc. Soc, Amer. Forest., v. 7, no. 1, 

pp. 42-50, 1912. 

*Chapman, H.H. Coordination of growth studies, reconnaissance and regulation of yield on national 

forests. In Proc. Soc. Amer. Forest., v. 8,0. 3, pp. 317-826, 1013, 
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This “‘generality,’”’ in which almost every word is open to criticism, 
seems to have become one of the stand-bys of American forestry. It 
finds its chief support in the assumption that our forests to-day, 
having been untouched by man and exposed to the same factors of 
their surroundings since times immemorial, must represent more or 
less exactly the same character they had 100 or 1,000 years ago. But 
we have practically no genuinely virgin forests; in the great majority 
of commercial accessible stands—and here we are interested only in 
these—man has for centuries practiced some kind of primitive for- 
estry by setting fires. This ‘“‘ Piute forestry” has changed the aspect 

- of many stands so completely that the term “‘ virgin forests” is far 
from being correctly applied. At best, can one speak of scattered 
virgin stands here and there. Even in the latter the assumption that 
the present stand has more or less the same character as 100 to 1,000 
years ago reposes upon another assumption, namely, that here the 
ecological formation has reached the final stage of development and 
has come to stay. Of the remaining part of the cited rule of thumb 
all factors are more or less unknown. : 

Our knowledge of increment is, according to Chapman, ‘“con- 
spicuously lacking.’””!~ We know just as little about actual extent 
and progress of decay in virgin forests, so that the “generality” is 
reduced to an equation in which all factors are unknown. Besides, 
the term “decay” leaves out all losses from the decrease in number 
of trees steadily going on in the forest, as in every community of 
living beings. Prompted, perhaps, by a subconscious realization of 
this fact, the term ‘ decay” in the equation is sometimes supplanted 
by ‘‘deterioration.”” This makes matters even worse. Deteriora- 
tion in this connection often means the visible loss irrespective of 
cause. It is primarily a numerical consideration. A number of 
trees containing certain amounts of timber annually drop out through 
various causes, and this loss is then said to offset the annual incre- 
ment. Secondarily, it might include loss from decay. In forest 
regulation it is not the number of trees and the volume of timber they 
produce per acre that count, but the volume of sound, merchantable 
timber that we can expect to raise; and the only factor in the equa- 
tion of any value would be, therefore, not decay only and deteriora- 
tion or numerical loss of individual trees but “total loss.” The 
components of this total-loss factor are known. They include the 
dropping out of individual trees by death from suppression or “old 
age,” fire, snowbreak, lightning, windfall, insects, diseases of vital 
parts of the tree, and finally loss through decay. What we do not 
know are the respective values to substitute for these components 
in the actual figuring of total loss. 

1More recently Barrington Moore has published a valuable study—Yield in uneven-aged stands—in 

Proc. Soc. Amer. Forest., v. 9, no. 2, pp. 216-228, 1914. 
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The same laxity noted in the use of the terms “decay” and “de- 
terioration”’ is commonly found in the use of the term “decadence,” 
as applied to a stand or a given species, which is often understood to | 
include individual decadence from old age; that is, arrested or min- 
imized growth, liability to attack from fungi and insects, and finally 
decay. The fact that a given species is unusually lable to heart rot 
does not make it decadent. Many of our most thrifty and aggres- 
sive species are particularly subject to heart rot. It is also doubtful 
whether this hypothetical knowledge, if ever attained, of the total 
rate of total loss in “virgin” forests, as compared with the equally 
hypothetical rate of increment of the forests as a whole, would help 
us to any extent. The vastness of our forests in area creates a 
tendency either to think in broadest terms and to overlook the fact 
that a forest is an artificial unit made up of natural units, the stands 
with all their immense variety of character, or, on the other side, to 
take a familiar unit and to transfer its characteristics to the whole. 
The latter mistake is more easily remedied than the first. As a 
science, forestry must be founded upon inductive methods. Inten- 
sive study of detail alone can form a solid basis for the formulation 
of principles. 
What is needed is exact studies of all components of the total-loss 

factor per species before we attempt to fix the total-loss factor for 
the stand. 

Such detailed studies will be easiest in all-aged pure stands of a 
thrifty species little liable to decay. Unfortunately the vast majority 
of stands on national forests in the West are composed of two to 
five or more species of very different characters. It may be that the 
total annual loss equals the annual increment in some of the medium 
long-lived species of the pine group least liable to decay. It can 
not be true for the extraordinarily long-lived redwood and big tree, 
with their unusual resistance to decay, insects, and storms. It is 
equally untrue for all shorter lived species much exposed to decay 
and other influences that make for loss. Libocedrus decurrens, for 
example, although most aggressive and thrifty, is from an early age 
on liable in an uncommon degree to the attacks of Polyporus amarus, 
which renders as much as 70 or 80 per cent and even higher per- 
centages of the stand completely unmerchantable. Merchantable 
incense cedar is of high value; so much the greater, then, is the 
total-loss factor. The same is, mutatis mutandis, true for white fir 
and a number of other species. For all these the increment is not 
only offset but far exceeded by the decay of the valuable heartwood; 
the total annual loss is far greater than the annual increment, 
although numerically the loss may not be apparent. 

The gain through increment, we must remember, consists of sap- 

wood of little value; the loss by decay, on the other side, affects the 
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valuable heartwood. Neither is there any constant accumulation of 
gain; after some years the sapwood is turned into heartwood and 
as such becomes liable to decay. In other words, in trees of this group 
infected with heartwood-destroying fungi, the value of newly formed 
wood is small; when it becomes valuable by transformation into 
heartwood it becomes subject to decay—that is, loss. This loss from 
decay is by its very nature as a heart rot confined to those individ- 
uals in which heart-rot formation has taken place. All trees below 
the age of heartwood formation do not enter into consideration. In 
speaking of a given stand the representation by ages must be of 
prime importance. In all considerations of regulation it is neces- 
sary, therefore, to make a clear distinction between forests and 
stands, between many-aged and even-aged stands, between mixed 
and pure stands, with particular emphasis on the composition of the 
stand as to species. All generalization is not only useless but mis- 
leading. 

But in full realization of the almost complete lack of fundamental 
knowledge, American forestry is confronted with the urgent neces- 
sity of adopting, even temporarily, some kind of a system of regula- 
tion of yield. Whatever this system may be, its tentative, tempo- 
rary, and local character can not be overemphasized. 

Various attempts at adopting local temporary systems have found 
an expression in the shape of working plans. Inseparable from the 
problem of working plans is the choice of a rational rotation and 
cutting cycle. 

ROTATION. 

The gleanings in American literature treating on the choice of 
rotation from a general point of view are rather meager, outside of a 
few well-known handbooks, such as those by Recknagel,’ by Fernow,? 
and by Roth, particularly in so far as the practical application to 
our virgin forests is concerned. Recknagel * excludes financial rota- 
tion from North American forests with the following words: 

Since this method of calculating the rotation [financial rotation or that of highest 

soil rent] is suitable only to very intensive conditions, it would serve no useful pur- 
pose to elaborate it at this point. 

On the other hand, the strong influence of European forestry is 
clearly felt in the ever-recurring advice to adopt some kind of a 
financial rotation in the national forests of the United States. Kirk- 
land * is of the opinion that— 

1Recknagel, A.B. The Theory and Practice of Working Plans (Forest Organization), 235 pp. New 

York, 1913. 

2Fernow, B. E. Economics of Forestry, 520 pp. New York, 1902. 

3 Roth, Filibert. Forest Regulation, or the Preparation and Development of Forest Working Plans, 

218 pp., illus. (maps). Ann Arbor, Mich., 1914. (His Michigan Manual of Forestry, v. 1.) 

4Recknagel, A. B. Op. cit., p. 39. 

5 Kirkland, B. P. Working plans for national forests of the Pacific Northwest. Jn Proc. Soc. Amer. 

Forest., v. 6, no. 1, pp. 16-37, 1911. (Seep. 21.) 
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A rotation based on the financial rotation, possibly modified somewhat towards the 
rotation of the highest income, is no less adapted to Government forestry than to pri- 
vate forestry. 

Greenamyre ‘ advocates a financial rotation in the composite type 
of the Apache National Forest, the ‘‘rotation of greatest volume pro- 
duction being out of -question.’”’ In his specific recommendations 
for western yellow pine, Douglas fir, and blue spruce, however, rota- 
tion of greatest volume plays a far greater réle than financial rota- 
tion. Such important factors in financial rotation as soil capital, 
quality increment, and rent are neglected or only hinted at. Value 
increment and depreciation enter into his calculations in a general 
way only, evidently from a lack of exact figures. 

Barrington Moore? expresses himself strongly against the adoption 
of a financial rotation. 

It would be out of place in this paper to enter into a discussion of 
the possibility at the present time of fixing a rotation of greatest 
income or a financial rotation more deeply than to point to the 
immense difficulties encountered as soon as we try to substitute actual 
values for the factors entermg into their computation derived from 
experience in our own country. We lack at the present time the very 
fundamentals on which to base the determination of highest forest 
rent or highest soil rent. 

The Forest Service has, in full realization of the uncertainty of 
almost all factors which would or should enter into a financial rota- 
tion formula, adopted, for the present at least, a tentative silvicul- 
tural rotation of maximum-volume production. 

The factors entering into the determination of silvicultural rotation. 
or of greatest volume being more easily accessible, it is quite natural 
that American forestry should show a tendency toward its applica- 
tion, as shown in a number of published and unpublished working 
plans. 

Attempts at fixing some kind of a rotation age are found in several 
publications. Woolsey * tentatively proposes a rotation of 200 years 
for yellow pine without giving a basis for the choice of any particular 
system of rotation. 

Barrington Moore? says that on the Plumas National Forest ‘‘the 
rotation should theoretically be that of maximum-volume produc- 
tion. The use of a financial rotation by the Government, in a region 

1 Greenamyre, H. H. The bon poste trpe on the Apache Nations i] Forest. U.S. Dept. Agr., Forest 
Serv. Bul. 125,32 pp., 4 figs., 1913. (See p. 30.) 

2Moore, Barrington. The essentials in working plans for national forests. In Proce. Soc. Amer. Forest., 

vy. 6, no. 2, pp. 117-128, 1911. (See p. 126.) 

*Woolsey,T.S. Western yellow pine in Arizona and New Mexico. U.S. Dept. Agr., Forest Serv. Bul. 

101, 64 pp., 11 figs., 4 pls., 1911. (See p. 51.) 

‘Moore, Barrington. Chapman’s method of studying yield, p. 93, 1913. To accompany forest plan, 

Plumas National Forest, district 5. Appendix (continued), Silviculture. (Unpublished. Furnished by 
courtesy of the U.8. Forest Service.) 
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capable of producing large saw timber, can not be justified. * * * 
It would probably be better to fix the rotation at the period during 
which the rate of volume production is greatest or shortly after it, 
provided this is long enough to give the most valuable product.” 
Munger ! comes somewhat closer to a consideration of the financial 

factors for a rotation of Douglas fir in pure even-aged stands in the 
Pacific Northwest. 

From the quotations given, one fact stands out clearly: We are still 
groping more or less in the dark where choice of rotation is con- 
cerned, and we are even lacking the fundamentals upon which to 
base the principles to govern us in making a proper choice. It also 
appears that in many cases the term ‘‘actual felling age’’ should be 
substituted for rotation. Rotation in itself signifies return or succes- 
sion in a series. Fernow ? has warned, as early as 1905, against mix- 
ing up ‘‘actual felling age, the time when a stand is actually cut or to 
be cut, and normal fellmg age (rotation), the time when in a scheme 
of continued management it is proposed to have it cut again and 
again—a mere standard time. Few stands are cut in the age of the 
rotation determined for the forest as a whole.” Where a ‘‘rotation”’ 
of yellow pine, for instance, of 200 years is advocated, it is evident 
that this can not be meant to constitute the fixed period at which 
yellow pine should be cut again and again in the future. It is really 
the actual felling age, the time when a given stand of yellow pine is 
actually to be cut in the future, not a succession of 200-year periods. 
The rotation itself will be much shorter, as European experience has 
shown us. Moreover, it is more than doubtful whether our successors 

in 200 to 400 years will pay much attention to the rules we may try to 
lay down for so remote a future. 

CUTTING CYCLE. 

The impossibility of predicting with even a modest degree of proba- 
bility what will happen in the future and of anticipating changes in 
conditions of an economic nature is responsible for the vagueness with 
which the question of fixing definite cutting cycles is treated. Tenta- 
tively, cutting cycles of about 50 years have repeatedly been advo- 
cated for uneven-aged stands (mixed and pure) under the selection 
method, as a policy to be followed on virgin national forests. If 
present economic conditions should prevail in the next 50 years—that 
is, if the demand for timber should continue to fall far short of the 

actual annual increment—it would hardly pay a lumbering concern 
of the future to extend its operations to cut-over areas before 50 to 
60 years had elapsed. Even then it seems doubtful whether the 

1Munger,T.T. The growth and management of Douglas fir in the Pacific northwest. U.S. Dept. Agr., 

Forest Serv. Circ. 175, 27 pp., 4 figs., 1911. 

2Fernow, B. E. Forest terminology. Jn Forestry Quart., v. 3, no. 3, pp. 255-268, 1905. (See p. 264.) 
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amount of timber contained in the few overholders left as seed trees 
and in individuals at or just below the diameter limit established in a 
first cutting would prove attractive to purchasers of the future, pro- 
vided always no change in the lumber market should take place. 
The diameter limit now fixed on many national forests may be said 
to be about 12 inches, varying somewhat with the species and local 
conditions. Few trees below this diameter will reach such dimen- 
sions in 50 years as to form a merchantable stand, judged by our 
standards of to-day. 

If it is unwise blindly to take over principles and policies developed 
and more or less accepted in countries with old-established and far- 
advanced forestry and apply them to the first stages in the organiza- 
tion of our virgin forests, the study of the history of the forestry 
movement and development in other countries can not but be of the 
greatest practical value. We are justified also in assuming that the 
history of forestry will repeat itself and that forestry in all countries 
with large virgin or practically virgin forests in touch with the gen- 
eral market will run through the same phases of development as it 
did during the last centuries in central Europe, but at a very much 
faster pace, owing to the enormously enhanced facilities of transpor- 
tation and marketing and the rapidly increasing demand for timber. 

If this be true, a cutting cycle of about 50 years may prove too 
long. To judge from the development of timber values in Europe, 
our once cut-over stands should prove attractive in a shorter period. 

In determining the duration of cutting cycles, it is reasoned that 
the accessible virgin timber in the national forests should be cut once 
before operations return to the first areas logged over. How much 
time this first culling may consume we have no means of telling. It 
should be remembered, however, that the system naturally present- 
ing itself is that of selection cutting, and although there is a decided 
tendency toward heavier marking approaching clean cutting,- this 
latter should be taken cum grano salis. Actually, the reproduction 
left includes all individuals up to and sometimes beyond 12 inches 
diameter breast high; that is, trees that have reached a considerable 
age and that in 50 years will have grown to what would be classed in 
European forestry as veterans. 

CUMULATIVE RISK. 

In fixing long-term cutting cycles, a most important point has not 
been sufficiently emphasized, namely, the “cumulative risk’ from fire, 
windfall, frost, and so-called deterioration to which a given stand is 
exposed during so long a period. The longer the cycle the greater 
the ratio of risk. The unparalleled development of fire protection 
in the national forests of the United States, it is true, promises fairly to 
exclude actual destruction from fire on any largo scale; but, as long as 
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there will be fires from unpreventable sources (lightning), the risk in 
extended cutting cycles increases from year to year with the growth 
in value of the stand. The shorter the period in which a merchant- 
able stand can be produced and turned into cash the smaller will be 
the risk of loss 

Loss from adi is inevitable in many localities as a direct con- 
sequence of selection cutting. It is clear that the cumulative risk 
of a longer cycle is far in excess of a shorter one. Evidently, devas- 
tating windstorms are more likely to occur during a period of 50 
years than during a shorter one. Moreover, the loss in cash value, 
even in single trees, from windfall is bound to be heavier in the older 
stands. The larger, bulkier, and therefore the more valuable the 
tree, if sound, the more it is exposed to windfall. Falling trees in 
brushing against their standing neighbors not infrequently cause 
more or less serious wounds by bruising or tearing off the bark. 

The greatest risk, however, involved in the long cutting period is 
from ‘‘deterioration,”’ so called. 

In nature a steady process of elimination goes on. Of thousands 
of seedlings springing up together in dense growths, comparatively 
few reach sapling size, very few grow into poles, and fewer, even, to 
standards. This natural thinning through competition in the fight 
for soil, food, and light is furthered by various dangers to which the 
young plants are exposed, such as from certain insects, foliage and 
twig diseases, injury from mammals, snowbreak, frost, and drought. 
Later, the surviving members of the stand are confronted with dangers 
from the same and other sources, such as suppression, lightning, in- 
sects, frost, and decay. The elimination of the weaker members 
effects a selection of older, well-established individuals, some of which 
may still suffer from the competition of their thriftier neighbors, but 
are not forced out of the community, or, to use Fernow’s! well- 
chosen terminology, trees which are ‘‘oppressed,”’ not suppressed. As 
long as improvement cutting on a larger scale on the national forests 
is impossible, the percentage of oppressed trees will depend upon the 
length of the cutting cycle. Both these oppressed trees and their 
more favored companions are exposed to dangers from which their 
earlier life was free. 

Frost does a good deal of damage; here we are less interested in 
the damage done to the foliage or to the bark than in those more or 
less long cracks in the wood which are caused by very low tempera- 
tures. In cold weather the wood cylinder shrinks more in a tan- 
gential than in a radial direction. Particularly at sudden low 
temperatures, when the volume of the outer layers decreases rather 
suddenly while the inner layers are still free from frost and have 

1 Fernow, B. E. Forest terminology. Jn Forestry Quart., v.3,no.3, pp. 255-268, 1905. (See p. 266.) 
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shrunk but little, differences in internal tension will cause the outer 
layers to split vertically. With rising temperature the frost crack 
closes. Not always is the bark able to stretch sufficiently over a 
frost erack. Often the bark tears open, and if low temperature 
occurs again and again, the cracks will not be able to heal over and 
will remain open for many years, giving the air access to the heartwood 
and incidentally allowimg spores of wood-destroying fungi to ger- 
minate and infect it. Even if no infection takes place, these frost 
cracks very seriously impair the value of the timber. The older and 
bulkier the tree the greater is the danger of frost-crack formation. 
The risk naturally increases with the length of the cutting cycle. 
Infection, of course, can take place only through open frost cracks; 
internal frost cracks, besides impairing the value of the timber, can 
not be without influence on the chemistry and physics of the wood. 

Although lightning occasionally strikes the smaller trees, even 
poles and saplings, it is to be expected in the nature of things that 
taller trees will be more exposed to injury from this cause. Very 
little is known, so far, as to the actual damage done by lightning in 
our forests. Destruction of individual trees has been frequently 
reported, and Plummer’ gives a series of illustrations of injury to forest 
trees from lightning. He treats, however, only of those very gross 
cases in which even the least educated eye will recognize the cause 
of the injury. 
We know through Robert Hartig’s? classical investigations, which 

were continued by Von Tubeuf, that destructive lightning is rare 
in comparison to the overwhelmingly ereater number of cases of 
lighter injury from lightning, varying from more or less large wounds 
visible on the outside of the tree to the small and insignificant local 
killing of parts of the cambium and of the living bark which can 
only be detected by careful dissecting. 

The symptoms of lightning injury in our forest trees are easily 
recognized from Hartig’s excellent descriptions. They are particu- 
larly common and conspicuous in white fir. 

For practical purposes, we have to consider here only those forms 
of lightning injury which in some way endanger the life, the health, or 
the commercial value of the tree; this will include not only actually 
destructive cases, but also very large numbers of lesser injuries. 
The accumulation of risk during a long-time cutting cycle becomes 
self-evident, particularly in view of the fact that the danger from 
lightning inereases quite out of proportion to the increase in height 
of the tree and the deve lopme nt of the 1 root system. 

1p Plommer, F.G. Lightning in relation to forest fires. U.S. Dept. Agr., Forest Serv. Bul, 111, 39 pp., 

16 figs., 1912. 

2Hartig, Robert. Untersuchungen tiber Blitzschliige in Waldbiiumen. Jn Vorstl. Naturw. Ztschr., 

Jahrg. 6, 1897, Heft 3, pp. 97-120; Heft 4, pp. 145-165; Heft 5, pp, 193-206. 83 figs. 
Hartig, Robert. Neue Beobachtungen tiber Blitzbese hidigune der Biiume., Jn Centrbl, Gesam, 

Forstw., Jahrg. 25, 1890, Heft 8-9, pp. 360-051, fies. 47-71; Heft 12, pp. 524-544, figs, 81-110. 
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Although young trees are also exposed to the attack of insects, it 
is clear that a colony of bark beetles will prove far more injurious 
in killing a merchantable tree than in killing a small pole. Moreover, 
certain insects seem to have a predilection for larger sizes. The 
probabilities of attack increase with the length of the cutting cycle. 
Besides, the older the tree and the more it has been exposed to 
wounding the more liable does it become to attack by wood-boring 
insects which materially reduce the value of the timber. 

The timber contained in trees killed by lightning, as long as they 
are not destroyed, and in those killed by bark beetles may be utilized, 
and, with increasing timber values, will be utilized before they 
deteriorate. 

The few veterans which have withstood the many dangers of earlier 
life do not go on living forever; they finally succumb like the rest. 

It is still an open question whether forest trees are theoretically im- 
mortal and die only through the devastating influence of severe 
storms, lightning, insects, certain diseases caused by fungi, such as 
Armillaria mellea and Fomes annosus, or because the root system of 
the veteran finally has exhausted all available resources of the soil 

within its reach. As we are interested here only in the future of cut- 
over areas in relation to the length of the cutting cycle, it is unneces- 
sary to enter into a discussion of this question. The cutting cycle for 
any one species will in all probability never be long enough to raise 
individual decadence from old age to the rank of an influencing factor. 
We should bear in mind, however, that individual decadence is not 
in itself deterioration unless decay sets in. 

The importance of the reduction in the timber value of the tree 
through the agency of fungi, on the other side, can not be overempha- 
sized. This reduction in timber affects either the prospective timber 
values—that is, the increment—or the present stock, or both. In the 
first case, the fungi in question (mostly Pyrenomycetes and rust fungi) 
inhabit living tissues of the foliage or of the young bark. The con- 
tinuous drain on the assimilates of the foliage either in the leaves 
proper or on their way down through the bark is evidenced by a 
decrease in increment of the tree, which in long cutting cycles will 
represent a very considerable loss in timber values. In other words, 
trees affected with foliage or bark diseases will be far from yielding the 
timber we might expect from sound trees. It must be mentioned 
that losses in prospective values are not alone due to fungi; mistle- 
toes and leaf-inhabiting insects are responsible for enormous deficits 
in yleld. The economic réle of the fungi, mistletoes, and leaf-inhab- 
iting insects in our virgin forests is highly important and will remain 
so for a long time, on account of the difficulties connected with their 
control and even more on account of our very limited knowledge con- 
cerning their life histories and specific action. More intensive studies 
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on the members of this group must be left to the future. At the 

present time we are more interested in the preservation of our actual 
timber, including such values as will be formed in the near future. 

Actual timber values are seriously endangered by wood-destroying 
fungi, all of which belong to the Hymenomycetes. With the exception 
of a very few (Armillaria mellea, Fomes annosus), which in attacking 

living roots first cut down the increment of their host and then invade 

the wood of the bole, they all inhabit the heartwood and generally 
leave the sapwood intact. As the principal timber values are stored 
in the heartwood, the enormous damage they are able to cause is all 
the more in evidence. All of these fungi are adapted to given hosts 
or groups of hosts; these groups are seldom very large. Polyporus 
amarus, for example, the cause of the extremely destructive heart 
rot of Libocedrus decurrens, can not grow, as far as is known, inany 
other host species. Trametes pint, on the other hand, attacks a 
number of pines, Douglas fir, and other conifers. The composition of 
the stand, as well as the representation of species, is therefore an im- 
portant factor in the ecology of these fungi. Only those fungous 
spores which land on trees of the species to which they are adapted 
have a chance after germination to enter into the tree. 

Being strictly heartwood inhabiting, these fungi, with the excep- 
tions mentioned above, can, of course, only attack trees which already 
have formed heartwood. But as they are unable to penetrate the 
bark, they are harmless unless their spores are carried on to some 
wound cr opening (branch stubs) in the protective skin represented 
by the bark. The longer the host is exposed to wounding, the greater 
will be the chances for infection. 

As might be expected, therefore, the losses from decay in standing 
living trees are enormous in virgin forests. Even in the best managed 
forests of Germany losses from decay are heavy. Moller,! in figuring 
the damage done by Trametes pini in. the pine forests of the Prussian 
Government, arrives at the astounding figure of more than 1 million 
marks (about $250,000) annual loss from this source alone. In the 

period from 1905 to 1908 the Prussian Government spent $87,480 in 
the control of Trametes pini in its pine forests.2 In 1914 this sum had 
increased to about $120,000.* 

In American literature no reliable figures are available relating to 
the annual loss from decay in standing timber in virgin forests. 
Such figures can be obtained only by exact studies on representative 
areas, the methods of which the writer has been trying to work out 

1Moller, A. Uber die Notwendigkeit und Méglichkeit wirksamer Bekiimpfung des Kiefernbaum- 
schwammes Trametes pini (Thore) Fries. In Ztschr. Forst- u. Jagdw., Jahrg. 36, 1904, Heft 11, pp. 677- 

715, pls. 4-5. 

2Moller, A. Der Kampf gegen den Kiefernbaumschwamm, Jn Ztschr. Forst- u. Jagdw., Jahrg. 42, 

1910, Heft 3, p. 133. 

#MOller,A. Der Kampf gegen den Kiefern- und Vichtenbaumschwamm, Jn Ztschr, Vorst- u. Jagdw., 
Jahrg. 46, 1914, Heft 4, pp. 193-208. 
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during the last few years. In reason, all figures relating to loss in 
timber from decay, insects, lightning, etc., should apply only to such 
forested areas as are accessible at present or which will be in all 
probability accessible in the not too remote future. Inaccessible 
stands, whatever their protective value, do not represent timber 
values, and it is obviously wrong to include them in any estimate 
of the damage done to our timber stock on hand. 

The rate of progress of decay in the individual tree is altogether 
unknown beyond vague guesses. 

Hartig + has tried to figure the rate of growth of the mycelium, for 
instance, of Homes igniarws. Moller” has made an attempt to figure 
the rate of growth of Trametes pina and resulting decay in Pinus 
silvestris from actual measurements in artificially infected trees. It 
is clear that unless such experiments are carried over a great many 
years, only the rate of growth of juvenile fungus plants starting from 
the infection can be measured, which can not be taken directly as a 
guide for figuring the growth of the older or mature fungus plants. 
Besides, the experiment is based upon the assumption that the 
fungus, after once having gained access to the interior of the tree, is 
independent of possible individual differences of its substratum, or, 
in other words, that the rate of growth is a fixed factor, irrespective 
of individual properties of the heartwood. This assumption has no 
solid basis. The rate of growth of the fungus plant, and therewith 
of decay, is undoubtedly one of the most inaccessible chapters of | 
forest pathology, on account of the difficulty in finding a stable point 
of issue. There is at present no reliable method known of deter- 
mining the actual extent of decay in the standing living tree. In- 
direct methods are the only means presenting themselves to-day; 
they leave much to be desired with regard to accuracy and can not 
be expected to yield results unless carried on over a long period. 

What we do know is that decay in standing living timber from 
heartwood-destroying fungi causes very heavy losses and that decay 
is progressive. Sporophores develop on decaying trees, and the dis- 
ease spreads through spores from one tree to other individuals of the 
same and sometimes of other species. Moreover, the decay starting 
from an incipient infection progresses in the heartwood of the in- 
dividual tree until its most valuable lumber is destroyed. Decay 
being progressive, the cumulative risk from this source in long 
cutting cycles is therefore far greater than in the case of lightning or 
other injurious agents. 

Unlike insects, heartwood-destroying fungi have few or no natural 
enemies; there is no such thing as ‘“‘biological control” of decay. , 

1 Hartig, Robert. Die Zersetzungserscheinungen des Holzes der Nadelholzbaume and der Hiche... p. 116. 

Berlin, 1878. 

2MOller, A. Der Kampf gegen den Kiefernbaumschwamm, Jn Ztschr. Forst- u. Jagdw., Jahrg. 42, 

1910, Heft 3, pp. 129-146. (See p. 145.) 
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- PERIOD OF TRANSITION. 

American forestry stands now at the very beginning of a period of 
transition from the handling of virgin forests to actual forest regula- 
tion. The most urgent problem, therefore, consists in how to take 
care of our forests as we have them, with all their defects, with in- 
dividual decadence and decay, and to leave them to future genera- 
tions in as favorable a state as possible, judged by our very limited 
insight of to-day. At the present time the only means at the disposal 
of the Government to carry out any plans in forest regulation based 
upon what appears to us as sound silviculture is through timber sales. 
The Government does not and can not cut its own timber. It is 
therefore entirely dependent upon a highly variable outside factor 
with regard to the most important part of its silvicultural work, a 
factor over which it has but little control. All attempts at the regu- 
lation of yield must then be concentrated on timber-sales areas. A 
comparison between the area actually cut over annually and the 
total national-forest area that may eventually become accessible to 
logging operations will show the severe hardship under which the 
Government is forced to work. Moreover, timber sales do not 
always occur where they are most needed from a silvicultural point 
of view, nor do they always cover the entire natural units upon 
which it is desirable to prepare for a system of regulation. A com- 
prehensive system of regulation on a larger scale following natural 
units is out of the question as long as the Government is not in a 
position to do silvicultural work on its own land where it is most 
needed. 

The aim of the Forest Service at the present time consists less in 
how to do the greatest amount of good to future generations than in 
how to do the least harm and at the same time to do justice to our 
present-day conditions. Instead of exhausting our energies in sterile 
speculation of what might happen in 100 to 200 years from now, there 
is a strong tendency toward applying them first to the analysis of the 
most urgent needs of to-day and then to the exact and painstaking 
study of all the innumerable factors which enter into a comprehensive 
plan for the future structure of American forestry. It is well to 
remember that so far, not even the methods leading to the majority 
of such studies are worked out. The necessity of taking care of our 
present-day timber supply and of providing for the future in an exten- 
sive rather than intensive way has found strong expression in Chap- 
man’s* “American Method,” where regulation is based not only on 
present volume and annual growth, but also on the “actual condition 
and amount of timber in the different age classes, with approximate 
knowledge of the behavior and condition of the age classes for an 

'Chapman, H. H. Coordination of growth studies, reconnaissance and regulation of yield on national 

forests. In Proc, Soc. Amer, Forest., v. 8, no. 3, 1913. pp, 317-326, (See p. 423.) 
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extensive future period.” If “‘condition”’ is defined as state of health, 
not only as far as thriftmess of growth is concerned, but also with 
special regard to degree of merchantability as influenced by decay, 
the condition factor becomes a subject of pathological study.. 

Condition of the timber we hope to raise for the future, in the 
definition as given above, has a strong bearing on the possible 
regulation of yield. There can be no sense in figuring cutting 
cycles or rotation for future generations to follow unless we assume 
that our successors will find the area we have cut over covered 
with a stand not only apparently but really merchantable; in other 
words, with timber that is not rendered valueless by decay. The 
most ingenious speculation as to future yield is without any value 
whatever unless we have some way of figuring how long the steadily 
increasing but admittedly perishable timber stock can be left in the 
forest before it is liable to destruction by fungi. 

The most important problem before us, therefore, is the determi- 
nation in definite values of the condition of timber stock, present and 
future. 

CONDITION OF TIMBER STOCK. 

The condition of the timber as a factor in regulation may be 
expressed as the relation of the volume of timber destroyed or rendered 
unmerchantable by injurious agencies to the ideal volume of merchant- 
able timber; or, in so far as forest regulation is interested not merely 
in the present but in the future, as the relation of the mean annual 
total loss to the mean annual increment. 

It has already been pointed out that the concept of the relation of 
the mean annual total loss to the mean annual increment is without 
any value whatsoever as long as both factors are unknown. We are 
beginning to know in a small way something about the mean annual 
increment of certain species in certain types of some of the national 
forests. We are still completely ignorant as to the influence that the 
only silvicultural act of any importance open to the Forest Service, 
that is, cutting on timber-sales areas, will have on the increment of 
the remaining trees. This knowledge will come in due time. The 
value of the total-loss factor is altogether unknown. In order to 
attack this problem it is necessary to analyze it, to reduce it to its 
several components, and to study each in its turn. By synthesis the 
total loss can then be computed and the true relation to increment 
determined. 

TOTAL LOSS. 

The analysis of total loss already given shows that its components 
are known, but not their values. Of all these components the most 
important, the one that has the strongest bearing on the value of the 
stock of timber at hand, is loss from decay or heart rot caused by a 
group of heartwood-destroying fungi. Very young trees are not 
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susceptible to heart rot. No heart rot is possible before heartwood 
is formed. Unfortunately, we do not know anything about the 
formation of heartwood in our American species with relation to the 
age of the tree. The younger trees, while at present immune, will, 
in growing up and after formation of heartwood, become just as subject 
to heart rot as are their older companions. It is, then, of prime 
importance to know at what age living trees of a given species become 
particularly liable to attack from the one or more heartwood-destroy- 
ing fungi that use their heartwood as a source of food. It is, further, 
of the utmost importance to know whether there are any conditions 
in the tree or outside of it that exert an influence over the develop- 
ment of the fungi once they have gained access to the heartwood 
of a tree to which they are adapted. 

Beyond general statements to the effect that overmature trees do 
deteriorate from heart rots, very little information is to be gathered 
from American literature concerning the average age at which certain 
tree species become liable to attack from heartwood-destroying fungi. 
Greenamyre! mentions that in the Apache National Forest the 
decay in Douglas fir ‘‘no doubt largely offsets the growth” after the 
age of 210 years is reached. 

Munger? gives a little more specific information: 

The amount of decay found in living Douglas firs up to the time they are 150 years 
old or so is very small, but in mature and overripe timber there is a great deal of 
defect due to decay. . . . Douglas fir trees resist infection from fungi well until 
they become mature, when, because of the opening up of a stand, breakage, and scars 
due to the action of the elements and of fire and insects, and also because with ad vanc- 
ing age their resistant power becomes less, they offer entrance to fungi. 

It is not clear from the context whether Munger’s figures are an 
estimate or are based on actual methodic investigation and measure- 
ments. 

Findley Burns,? in speaking of conditions on the Crater National 
Forest, gives the following information: 

Many of the older Douglas firs are affected by a dry rot. . . . White fir is especially 

susceptible to decay, and many trees above 40 inches in diameter on the forest are so 
rotten as to be valueless, even for cordwood. 

In the latter case, age is supplanted by diameter, which answers 
perfectly well if diameter invariably corresponds to age. 

Barrington Moore and R. L. Rogers‘ incidentally give some 
interesting notes on the age of infection of balsam fir, which on the 

1 Greenamyre, H. H. The composite type on the Apache National Forest. U.S. Dept. Agr., Forest 

Serv. Bul. 125, 32 pp., 4 figs., 1913. (See p. 31.) 

2Munger,T.T. The growth and management of Douglas fir in the Pacific Northwest. U.S. Dept. Agr., 

Forest Serv. Circ. 175, 27 pp., 4 figs., 1911. (See p. 10.) 

4 Burns, Findley. The Crater National Forest. U.S. Dept. Agr., Forest Serv. Bul. 100, 20 pp., 4 pls., 
1911. (See p. 12.) 

* Moore, Barrington, and Rogers, R. L. Notes onbalsam fir. Jn Forestry Quart.,v. 5, no. 1, pp. 41-50, 

1907. 
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area investigated was 50 years in pure stands and 85 years when 
mixed with hardwoods. They speak of butt-rot only, without 
specifying the cause; unfortunately, the numerical basis from which 
their figures are derived and their methods are not given. 

The bearing on management of the age at which decay becomes a 
seriously damaging factor is very rarely realized. 

Clapp,' in speaking of incense cedar and white fir, clearly recognizes 
that where these ‘‘inferior’” species are also defective, ‘‘an attempt 
should be made, at least in selection stands, to reduce their rotation 
to one which will produce sound timber.”’ 

In a recent article, D. T. Mason ? advocates a rotation of 100 years 
for western white pine, on the ground that this species on the average 
gives a maximum yield at this age and that from about the same age 
fungi, and particularly insects, generally succeed in domg a large 
amount of damage. 

It would serve no purpose to continue quoting the few and scat- 
tered notes on the relation of age to decay, of a similar indefinite 
nature found in American literature. By way of consolation, it may 
be said that foreign literature does not abound very much more than 
our own in definite information regarding this pomt. Although 
the importance of the age at which forest trees are most liable to 
attack from heartwood-destroying fungi is frequently himted at in 
German literature, Martin ® is the only German forester who, to the 
knowledge of the writer, has given more than a cursory discussion 
of the relation of this age to rotation. In speaking of the immense 
damage done in Prussian pine forests by Trametes pint, he attempts to 
show from somewhat meager material how the increase in loss from 
this cause should lower the rotation. 

All computations of the amount of decay in German forests must 
necessarily be incomplete, since from an early age all undesirable 
individuals, including, as a matter of course, all trees with visible 
signs of decay, are eliminated in improvement cuttings. The result 
is a stand of a comparatively high degree of soundness. Even in 
such stands Martin finds (p. 688) that mm a given district the per- 
centage of decay in wood good for fuel only in the 100-year class was 
11, in the 120-year class 22, in the 130-year class 31, in the 140-year 
class 37, and in the 160-year class 42. He points out that in unsound 
stands the felling age must be lowered in order to secure the maximum 
income. Martin * again discussed similar ideas in 1910. 

1Clapp, E. H. Silvicultural systems for western yellow pine. In Proc. Soc. Amer. Forest., v. 7, no. 2, 

pp. 168-176, 1912. (See p. 175.) 

2Mason, D. T. Management of western white pine. Jn Proc. Soc. Amer. Forest., v. 9, no.1, pp. 59-68, 

1914. 
3Martin. Der Einfluss des Baumschwammes auf die Umtriebszeit der Kiefer. (Kritische Vergleichung 

der wichtigsten forsttechnischen und forstpolitischen Massnahmen deutscher und ausserdeutscher Forst- 

verwaltungen.) Jn Ztschr. Forst- u. Jagdw., Jahrg. 35, 1903, Heft. 11, pp. 685-690. 

4Martin. Die Umtriebszeit der Kiefer in den Staatsforsten von Preussen, Bayern, Elsass-Lothringen, 

Hessen und Anhalt. Jn Forstw. Centrbl., Jahrg. 54, 1910, Heft 7, pp. 363-387. 



FOREST PATHOLOGY IN FOREST REGULATION. 19 

Méller? touches upon the same point in a general way, without 
trying to give the problem a more solid basis by exact material. 
The following sentence is worth quoting: 

Whilst the mean annual increment of the stand is slowly decreasing, the mean 
annual increment of decay is steadily on the increase. 

Here is the clue to the proper silvicultural valuation of cutting 
cycles or rotation on a pathological basis. The time at which a tree 
or a stand is to be cut may range from a comparatively low age to 
the age of maximum production of lumber, according to the special 
needs the forester has in view; but the upper limit of this range 
should not lie beyond the period at which the gain from increment is 
offset by loss from decay, irrespective of the ideal amount of timber 
a sound tree or stand might produce under favorable conditions. 
Not to cut a tree or a stand in which increment is offset or exceeded 
by loss from decay, where cutting is possible, constitutes an unsilvi- 
cultural act. Gilman? informs us that silver fir in the Black Forest, 
Baden, Germany, ‘‘is unable to stand a long rotation, for after 100 
years the per cent of rotten timber increases greatly.’’ Here, the 
influence of loss from decay on rotation is clearly shown; but it is to 
be noted that the loss factor is derived in a purely empirical way and 
is not based on exact studies. Hemmann® has published some 
interesting and exact studies on the damage done by Trametes pina 
in Scotch pine in a small area under regular management; that is, 
where the disease was partly eliminated by improvement cuttings. 

All this somewhat scanty European material, valuable though it 
undoubtedly is for transatlantic forestry, is of very little help to us. 
What holds good for the managed forest raised in a century of careful 
nursing can not serve for more than a clue in genuinely or practically 
virgin forests, whether they be located in the United States, in 
Canada, in Chile, in India, or in Siberia. Again we are confronted 
with the necessity of working out our own problems in our national 
forests. 

INFERIOR SPECIES. 

Most of the timbered parts of the national forests, especially in the 
West, are practically virgin, seriously injured by fire, composed of 
even-aged or many-aged stands, and generally of more than one 
species, which are more or less exposed to heart rot caused by one 
or more specific fungi. 

iMoller, A. Uber die Notwendigkelt und Moglichkeit wirksamer Bekimpfung des Kiefernbaum- 

schwammes Trametes pini (Thore) Fries. Jn Ztschr. Forst- u. Jagdw., Jahrg. 36,1904, pp. 677-715. (See 
p.712.) 
2Gilman, E.C. V. Forest types of Baden. In Forestry Quart., v.10, no. 3, pp. 440-457, 1912. (See 

p. 452.) 

*Hemmann. Uber den Schaden des Kiefernbaumschwammes. jn Allg. Forst- u. Jagdztg., Jahrg. 81, 

pp. 326-341, 1905. 



90 BULLETIN 275, U. S. DEPARTMENT OF AGRICULTURE. 

A systematic study of the relative position occupied by the heart- 
rot factor in the economy of the forest presupposes a knowledge of the 
morphology and biology of the specific fungi attacking the species of 
which the forest ismade up. Morphologically, most fungi of economic 
importance are well known; biologically, there is much left to be 
learned. The susceptibility of each host species to specific attack, 
the age at which a given species becomes liable to attack by the 
fungi adapted to live on it, the age at which a given species is liable 
to suffer appreciable loss from this source, the relation of accessory 
factors in the tree and outside of it to fungus growth, the relative 
loss caused by each fungus in its specific host—all these are funda- 
mental problems which must be solved for every important fungus 
on every commercial species of our forest trees. So far, no definite 
and clear, comprehensive answer can be given to any one of these 
questions. 

In determining upon a suitable starting point in the overwhelm- 
ingly large amount of work before us, the question is that of deciding 
where such work is most needed at the present time. 

Leaving out of consideration such species as bigtree (Sequoia 
gigantea), which is never cut in national forests, and redwood (Sequoia 
sempervirens), which is hardly represented in national forests, the 
commercial timber of the national forests in the western part of the 
United States is composed of coniferous trees, such as pine, larch, 
spruce, fir, Douglas fir, hemlock, incense cedar, and western white 
cedar. They constitute the goods the Government has to offer for 
sale. Of these the pines cause least trouble. Pine lumber is eagerly 
sought and pays good prices; moreover, the loss from decay is com- 
paratively small. In Government timber sales there is never any 
difficulty about pine timber; the more the Government has to sell 
on a given tract the better. Not so with the so-called “inferior 
species.”’ 

The term ‘inferior or undesirable species,’’ as it is generally applied, 
is originally not a technical one. It is meant to designate those more 
or less heavily represented commercial species which suffer from a 
distinct prejudice on the part of the purchaser. If we could grow 
sound incense cedar, for instance, there would be a ready market and 
a good price for every foot, board measure, of it that the Government 
could offer on timber sales. Distinction should be made between 
species which actually yield technically poor lumber, even if sound, 
and species, on the other hand, which when clear and sound yield 
valuable material, but which are in general underrated by the pur- 
chasing public on account of the extraordinary prevalence of decay. 
An example of the first class is eastern hemlock. An example of the 
second class is incense cedar, which, although of excellent quality 
when sound, suffers from a very bad reputation among lumbermen, 
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because it is so very commonly rendered useless by dry-rot or pin- 
rot. The numerically and economically most important species of 
the accessible merchantable national forests in southern Oregon and 
California are sugar pine, Jeffrey and yellow pine, Douglas fir, white 
fir, and incense cedar. To these may be added, for certain localities, 
lodgepole pine, red and Shasta firs, western larch, Sitka spruce, 
western hemlock, and western red cedar. Of the six main species, 
all three pmes command good prices. They are comparatively free 
from heart rot. White fir and incense cedar are in general so badly 
defective that, as Clapp! states, they are “under present conditions 
almost a drug on the market.’’ Douglas fir stands in a class by 
itself. The value of its timber is well known; in fact, it competes 
with pine timber as far as quality for many purposes is concerned. 
On the other hand, Douglas fir is in a far higher degree susceptible 
to the attacks of several heartwood-destroying fungi, and, although 
it is not classed among the inferior species, the very prevalence of 
decay makes it less desirable than the pines, from a silvicultural 
point of view. 

Incense cedar and white fir are frankly classed as inferior. Whether 
this view is correct or not, we must reckon with it as a powerful factor 
of influence in all timber sales where these species occur. They are 
the lower grade by-products of the factory, the production of which 
can not be stopped; it goes on in spite of what we may wish or what 
we may do. The logical conclusion appears to be, then, to concen- 
trate all efforts on detailed and comprehensive studies of the properties 
of these by-products, desirable or undesirable, and to incorporate 
the results in a rational system of management, rather than to attempt 
to stop their production. The attitude of American foresters toward 
these and similar species is undoubtedly changing. There was a 
time when they were considered little better than weeds, to be gotten 
rid of as soon as possible and to be kept out of the forest wherever 
possible. This concept is giving room more and more to a considera- 
tion of how best to regulate the unavoidable reproduction of both 
species and how best to utilize the timber they produce. 

The so-called inferior or undesirable species have their very definite 
place in the ecology of the mixed forest, and many examples could 
be cited from European experience of the disastrous results of an arti- 
ficial change in representation of species and reduction of the mixed 
stand to a pure stand composed of an apparently more desirable 
species, without due consideration to the local soil and climatic condi- 
tions. Greeley” seven years ago expressed the opinion that ‘‘it is 

Clapp, E. H. Silvicultural systems for western yellow pine. Jn Proc, Soc. Amer. Forest., v. 7, no. 2, 

pp. 168-176, 1912, (See p. 175.) 

2Greeley, W. B. A rough system of management for forest lands in the western Sierras. Jn Proc. Soc, 

Amer. F orest., v. 2, no. 2, pp. 104-114, 1907. (See p. 112.) 
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both impossible and undesirable to eliminate these species altogether.” 
He specifically names white fir and incense cedar. Their ageressive- 
ness makes it impossible to eliminate them, even if this were desirable. 
But more than one species, not so many years ago considered inferior, 
has now come into its own. The history of the lumber markets of 
Europe and our own country shows conclusively that with closer 
utilization necessitated by the growing scarcity of timber, the value 
of lower grades, as well as of so-called inferior species, is advancing 
more rapidly than that of upper grades or more valuable species. In 
the case of incense cedar this evolution may be watched at the present 
time. Up to avery short time ago incense cedar was “‘almost a drug 
on the market;’’ now even very short logs when sound are utilized for 
pencil wood and priced accordingly. 

Concentration of study on the inferior species, therefore, promises 
the most immediately applicable results. 

METHODS OF INVESTIGATION. 

CHOICE OF SPECIES AND SITE. 

Forestry is not interested primarily in the morphology and life 
history of a given heartwood-destroying fungus. Suchstudies, though 
indispensable and of the highest value, belong to an altogether differ- 
ent realm of science. The forester thinks in terms of trees, not of 
fungi; he concentrates on timber species to be protected or utilized, 
not on parasitic organisms, however interesting they may be from a 
mycological point of view. If forest pathology is ever to be of any 
value to practical forestry, all work and all conclusions must be 

_ focused on the tree, the species, as a producer of timber values and as 
a member of the forest community. 

The fact that the same species may be subject to serious loss from 
several fungi and that the same fungus often works differently in 
different host trees complicates the difficulties naturally connected 
with all work for which a basis first had to be constructed. Partly 
for this reason, the writer first worked on incense cedar, which, so far 
as known, has only one heartwood parasite, Polyporus amarus. The 
studies described in the following pages were concentrated on white 
fir, because its management presents, perhaps, the most embarrassing 
problem of to-day on the Pacific coast and because, in by far the greater 
number of cases, serious loss is caused by one fungus only, Echinodon- 
tuum tinctorvum. 

After deciding upon the species to be investigated, the choice of 
the sites for the study becomes the main question. One single type 
will probably yield interesting clues, but the result can not with impu- 
nity be applied to all sites and types within the range of the species. 
It is clear that studies within what might be termed the merchantable 
range of the species must be most important from a practical point of 
view. But inside of the merchantable range the species is subject to 
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so Many varying conditions with regard to soil, climate, admixture of 
the species, and representation that here again typical areas must be 
chosen for independent studies. The more diversified the types 
studied and the greater the number of trees per type and in the aggre- 
gate, the more reliable will be the results. 

The choice of the particular area to be studied is, of course, impor- 
tant. The unit of study should be representative, typical for the 
larger unit. In general it will not be difficult, with some care, to make 
the proper choice. 

The result of the writer’s studies, still unpublished, on the critical 
age of incense cedar served to work out the methods which should be 
applied in a modified form to the at present more important investi- 
gations on white fir. European precedent could not be used; Martin, 
Moller, and Hemmann worked on managed forests. New methods to 
suit our conditions had to be evolved. 

The only satisfactory result could be expected from careful dis- 
section and analysis of as large a number as possible of trees of dif- 
ferent ages. Unlike other investigative work, studies of this kind 
can not well be carried out on timber-sales areas where the actual 
felling and bucking of the trees is done by the purchaser. The 
purchaser is none too willing to cut trees containing rot unless he is 
compelled to do so; much less does he care to buck such trees, which, 
after all, are the ones from which we must expect most valuable 
instruction. He is not obliged to cut trees below a certain diameter 
limit, which, of course, can not be left out. All this is particularly 
true for the so-called inferior species, the handling of which often 
comes so near being a loss to the purchaser that any additional cost 
would work a distinct hardship. For the same reason it is impos- 
sible to have the trees on timber-sales areas bucked in odd log lengths, 
as dictated by the irregular and varying extent of the decay. As 
will be seen, a few of the notes used for this study are incomplete, 
because they had to be taken in connection with timber sales. 

It becomes necessary, therefore, to carry on investigations of this 
kind on representative areas chosen for the purpose and to have the 
systematic cutting and dissecting of the trees done by crews, involv- 
ing much work and a large expenditure. This way of handling the 
problem has proved to be the only feasible one; and, as long as 
immediate results may be expected, which if properly applied must 
lead to very considerable savings as well as to progress in silvicul- 
tural management and forest regulation, the expense and work seem 
to be justified. 

FIELD METHODS. 

Before the actual felling begins, notes are taken first on the larger 
forest unit of which the area to be studied forms a part, such as eleva- 
tion, climate, water table, soil in general, history (lightning and 
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forest fires), composition, representation of species, ground cover, 
possibilities of future logging operations as a first step toward regula- 
tion, and local valuation of the species; more detailed notes of a 
similar nature then describe the particular type and stand which is 
the object of the study. 
When a new species is to be studied, trees of all sizes and all con- 

ditions must be cut. It is absolutely necessary constantly to guard 
against picking out trees either because they appear sound or because 
they are liable to contain decay. According to the attitude of mind 
of the investigator there will always be a tendency, conscious or sub- 
conscious, to think of the final result and accordingly to choose par- 
ticular trees for fellmg. The personal factor must necessarily 
influence the result of the equation and can not be warned against too 
emphatically. 

Correctness and accuracy in detail are the basis of any scientific 
work worthy of the name. Where the one chief aim is to substitute 
reliable figures for guesswork, to establish facts, from which con- 
servative interpretation may derive certain working rules, observa- 
tions and measurements can not go too far in detail and exactness. 
On the basis of experiences in the incense-cedar studies, a printed 
sheet was prepared, to be used in a loose-leaf binder of pocket size, 
in which a set of standard notes was to be entered. Each sheet 
contains the notes for one tree only. 

The first notes to be taken on a tree chosen for analysis are general; 
they are taken before the tree is felled. Slope, exposure, soil com- 
position, and moisture are taken for the individual tree; the next 
notes concern the outward appearance of the tree, crown class, as 

far as can be determined, condition of the bole, whether forked or 
leaning, presence and degree of fire scars, resin flow on butt or bole, 
swellings, sporophores of fungi, condition of the crown, development 
and state of health; im short, all notes that can and should be taken 
from the standing tree. During this time an assistant takes the 
diameter breast high and sets the fellers to work. The notes on the 
bole and crown are completed when the tree is down. They concern 
the presence of mistletoes or needle diseases, witches’-brooms of any 
kind, their number and relative importance, presence and extent of 
lightning injury, condition of top, and similar data that might havea 
bearing on the pathology of the species. It goes without saying that 
the tree is felled at the regulation stump height of 18 inches, never 
higher unless absolutely unavoidable. The assistant now measures 
the height of the tree from the ground and counts the age at the 
stump. This, of course, does not give the true age; but instead of 
adding, more or less at random, a small number of years corresponding 
to the height of the stump, it seems advisable to accept the count 
at the stump as the age. The fewer the figures based on an estimate 
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that are included in our computations, the narrower will be the 
margin of error. Besides, in practical work, the age is generally 
counted at a stump height of 18 inches, and, since for all purposes of 
management we have to deal with the standing tree where diameter 
is the only indicator of age, it is of little importance whether the age 
counted is absolute, within narrow limits, as long as all figures are 
directly comparable with each other. Moreover, in practice it is 
impossible to have all trees cut at exactly 18 inches. With the 
sreatest of care, the stump height will vary. It is an easy matter, 
where desired, to add a number of years corresponding to stump 
height assoon as reliable figures, which now are lacking, are obtainable. 

The limbs and branches are now lopped off and the brush piled for 
burning. 

In the bucking of the bole some judgment should be used, guided 
by the object of the study. We want to find all traces of decay in 
the bole and take exact measurements of them. Obviously, then, 
the aim of the dissection must be to open up the tree in such a way 
that no decay can escape the observer. It would not do, therefore, 
to buck all trees in even log lengths of the usual commercial measures. 
A straight, clean bole without any blemish whatever is bucked in 
16-foot logs, which then are individually split; this will, as a rule, 
bring out any hidden decay. Both the cross sections at the opened 
surfaces of the split wood must be searched very carefully for any 
abnormal sign. This makes full knowledge of the properties and 
aspect of the normal wood a prerequisite. In the beginning, there- 
fore, it is advisable first to study very closely the sound, normal wood 
of the species, until the operator is able to detect at a glance and 
automatically any deviation from the normal. The success of the 
study hinges upon the development of personal skill in judging wood. 
In order to prevent the dulling of this sense during the course of the 
work, check studies of perfectly sound wood will prove very bene- 
ficial. Any slight real or apparent deviation from the normal in 
physical properties or aspect, particularly in color, must be followed, 
of course, to its source. 

Trees without any blemish are rare; generally there is either some 
irregularity in form, fork, unusually heavy branching, or there are 
sporophores of fungi, badly healed-over branch stubs, swellings, de- 
pressions, catfaces, fire scars, lightning scars, or frost cracks and frost 
ridges. In choosing the proper places for bucking, it is generally 
advisable to start at the most salient malformations or defects; they 
will often lead to the focus of decay, if there is any. In case of fail- 
ure, the less prominent defects are investigated, and so on down the 
line until there is no doubt left that no decay is present in the bole. 
Particular attention must be given to branch stubs, which, by extend- 
ing through the sapwood to the outside of the tree, offer an easy 
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entrance into the heartwood. After infection has taken place in 
this manner, the mycelium grows in the heartwood. Before sporo- 
phores are formed it is often impossible to locate the presence of 
the mycelium in the tree. This is particularly true for quite young 
fungus plants, and the possibility that the begmnings of decay 
may be hidden in a log, both ends of which are perfectly sound, 
must ever be present in the mind of the operator. It is impos- 
sible, except by mere chance, to detect the very first stages in the 
field. As soon as the fungus plant, the mycelium, has reached a 
certain stage of development, represented by visible alterations of 
the wood, there is no excuse for overlooking it. As a rule, the oldest 
part of the focus of infection shows the strongest evidence of 
fungus growth expressed in what we call decay. Decayed stubs 
are a valuable index as to decay in the tree, although there are cases 
where, for unknown reasons, the infection does not, or only very 
slowly, result in more extended decay. Duesberg ' has advocated the 
location of infected trees by the presence of diseased branch stubs. 
Such decayed branch stubs may also correspond to that stage of 
development of the mycelium just before the formation of sporo- 
phores through the stub takes place. In this case also decayed 
branch stubs will be most valuable in detecting heart rot in the bole. 

If decay is found, it is followed throughout its entire extent by 
splitting the logs with wedges and with the ax. To avoid this often 
very tedious and time-consuming work, splitting with black powder 
has been tried, with rather unsatisfactory results. In partly decayed 
logs the splitting is very irregular, and the wood surfaces are badly 
stained and blackened, the stain generally interfering with the inspec- 
tion of the wood. When the full extent of the decay is determined, 
notes are taken on the character of the discoloration or decay and on 
the stage of development, and the extent is carefully measured. For 
studies of this kind it will often be sufficient to note the extent in 

~ length in linear feet, under the assumption that in low-priced species 
any lumber that might be cut from an affected part of the bole will 
not pay for its transportation to the mill. In higher grade species 
the lateral extent must always be considered. 

This complete and detailed dissection usually allows the tracing of 
the decay to some point of entrance, whether fire scar, lightning 
wounds, frost cracks, or branch stubs. The result is entered on the 
sheet. Finally, any notes not specially foreseen on the sheet are 
entered under ‘‘ Remarks.” 

As a general principle, all observations that can be expressed 
numerically must be given in figures. It is essential that all esti- 

Fruchttrigern. In Ztschr. Forst- u. Jagdw., Jahrg. 44, Heft 1, pp. 42-43, 1912. Reviewed in Forestry 

Quart., v. 11, p. 251, 1913. 
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mating should be reduced to a minimum. In order to render this 
unavoidable mmimum, which undoubtedly constitutes a source of 
error, as innocuous as possible, the operator must constantly be on 
the guard against any variations of his standard by which he is guided, 
consciously or subconsciously, and from time to time check up on 
this standard. The notes to be taken by estimate concern degree 
or grade. Soil moisture, seriousness of wounding by fire, degree of 
resin flow (whether light or heavy), condition of crown (for example, 
unhealthy color or thin foliage and the presence and degree of needle 
diseases in their bearing on the thriftiness of the tree), degree of dis- 
coloration of the wood—all these can be expressed in figures only 
with difficulty. Even if a scale of 1 to 10 is adopted for these pur- 
poses it is extremely difficult to decide whether the change of color 
of the wood under the influence of the fungus is to be classed as 6 or 7. 
The writer therefore has adopted a simpler system, which, while far 
from being exact, at least avoids gross errors and at the same time is 
graphically clear and sufficiently elastic to cover all cases of impor- 
tance. It expresses the information asked for on the sheets with the 
aid of crosses and dashes. A dash after ‘‘Fire scars,” for instance, 
js negative; there is no fire scar. One cross, x, is simply affirmative; 
there is fire injury, but it is not to be considered as serious. Two 
crosses, Xx, indicate that the fire injury is fairly bad, distinctly 
beyond the mere presence of an injury. ‘Three crosses, xxx, em- 
phasize the damage; the fire injury is unusually large and severe. By 
putting the crosses in parentheses, (x), or x (x), or by hyphenating two 
consecutive degrees, x-xx, intermediate grades may be given when . 
desirable; and finally the last grade, xxxx, can be used in very extraor- 
dinary casesfor emphasis. In general, x, xx, and xxx will answer the 
purpose. Thus, the estimate is really reduced to a simple system of 
three grades, which allows for a more constant mental reference to 
the standard. Whenever necessary or feasible, special notes or meas- 
urements are entered after the crosses. This system is also used in 
our tables. With the exception given above, all these notes are 
taken by the chief of the party. Meantime, the assistant counts the 
age and diameter at every cross section, takes growth measurements, 
measures the width of sapwood and the length of the sections, and 
records such other data as may present themselves in the course of 
the work. 

In complicated cases, drawings or notes are added on blank sheets 
bearing the numbers of the trees. 

PATHOLOGY OF WHITE FIR. 

The studies on white fir presented in the following pages are not 
meant to give definite results valid for the entire range of the species. 
They were primarily intended to develop the more practical methods 
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to be employed and secondarily to gain reliable material to be used 
in a chain of similar studies on different types, from which conserva- 
tive interpretation may derive final conclusions. They are given 
here as examples only, as illustrations of the general considerations 
presented in this bulletm. Smce making these studies, others on a 
larger scale and on different types in different parts of the range of 
white fir were carried out with improved methods during the summer 
of 1913. 
A short review of our present knowledge of the pathology of white 

fir will be of help in the discussion and interpretation of the data 
presented in this paper. 

White fir (Abies concolor (Gord.) Parry) can not be called a decadent 

species; on the contrary, it is very aggressive and possesses remarkable 
elasticity and resistance to injurious influences. Its tolerance to 
shade is well known. Not only does it survive dense shading to a 
high age but it responds readily to light and then reaches considerable 
diameter and height in perfect health, provided it has not been seri- 
ously wounded and infected. The oldest tree examined in this 
study was 258 years old; it was badly suppressed and but 67 feet 
high with a diameter breast high of 17.4 inches. In the trees tallied 
between the ages of 130 and 140 years, the diameter breast high 
varied from 8.8 to 30.7 inches and the height from 47.5 feet to 125 
feet. 

In speaking of tolerance which allows suppressed trees to reach a 
high age under the most unfavorable conditions and with a minimum 
of annual growth, the behavior of the species with relation to light 
is generally meant; but this toning down of the life functions of the 
tree, visibly expressed in growth, very often has nothing to do with 
lack of light. A tree may become suppressed to the lower limits of 
its tolerance by any agent severely attacking any of its vital organs. 
Of these, the organs of the crown are both most easily accessible and 
most sensitive; hence, the heavy damage resulting from a serious 
attack by insects devouring and killing the foliage or by leaf-inhabit- 
ing fungi. White fir is subject to a disease of the foliage caused by 
Lophodermwum nervisequium, which often kills all needles except 
those of the current year’s growth. The loss in foliage surface, and 
therefore in photosynthetic capacity, may suppress a white fir just 
as lack of light would. Witches’-brooms caused by Peridermium 
elatinum on white fir are not common. ‘They are very rarely of such 
development on the tree that they should be classed as an injurious 
factor to be reckoned with. Incidentally, it should be mentioned that 
the swellings and cankers so commonly connected with Peridermium 
elatinum on Abies pectinata in Europe are unknown in Abies concolor. 
On the other hand, very similar swellings and cankers caused on white 
fir by Razoumofskya abietina Englm. are extremely common. The 
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actual connection is readily established by either the living mistletoe 
growing out from the swellings or by the small cuplike remains of 
the stem bases. The swellings render the affected part of the bole 
unmerchantable. When they break open into what are termed 
cankers, infection by fungi very readily takes place and a focus of 
heart rot forms, very much as in the case of Peridermium elatinum 
on Abies pectinata where Polyporus hartigu and Agaricus advposus * 
commonly start from cankers caused by the rust fungus. 

The mistletoe cankers very often are the cause of white-fir stems 
breaking off in a storm, just as Peridermium cankers affect Abves 
pectinata. This mistletoe is more generally found in the middle or 
lower parts of the crown; infection takes place only on the very 
youngest twigs. 

Another mistletoe (Phoradendron bolleanum (Seeman) Coville) 

nests high up in the top. It often kills the leader; volunteers spring 
up, which are frequently killed in their turn. Considered in its rela- 
tion to the totality of leaf functions, the loss from a killing of the 
leaders can not be very serious, although it may count in combina- 
tion with other injurious agencies. The same is true for the host of 
minor parasites and injuries to which the peripheral growing parts— 
in contrast to the column of wood—are exposed. 
We have seen that the wood of the living tree itself-is generally 

immune to attack from heartwood-destroying fungi as long as it is 
protected by bark and sapwood. The few exceptions, it seems, are 
of no great importance in the case of Abies concolor. Pholota flam- 
mans is not uncommonly found in white fir and seems to take the 
place of Armillaria mellea. ‘The exact damage done is still to be 
studied. Homes annosus is not yet reported on white fir to the 
writer’s knowledge. Polyporus schweinitevi is not common on the 
species. All other fungi causing decay can not enter the living 
tree except through some opening, as far as is known at present. 

In white fir, as in other coniferous trees, small superficial wounds 
are readily covered over with resin from the bark; this natural dressing 
does not allow fungus spores to germinate or the hyphe to develop 
after germination. Now, white fir is distinctly poor in resin. Large 
superficial wounds may therefore prove to be more serious. If the 
bark is destroyed, the cambium is killed and the sapwood dries out 
and cracks. Through these cracks air gains access to the interior of 
the tree and must in some way alter the chemistry and physics of 
the heartwood. The spores of heartwood-destroying fungi lodge in 
the cracks and upon germination may find a well-prepared substratum 
in the heartwood. Fungi, like all plants, make certain specific’ 
demands as to the chemical composition, water content, oxygen, 
etc., of the substratum they live on. Given the proper temperature 

i Hartig, Robert. Lehrbuch der Pflanzenkrankheiten. Ed.3,p. 153. Berlin, 1900 
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and the species of wood on which, for instance, a fungus like Echino- 
dontium tinctorium (Indian-paint fungus), the most common de- 

stroyer of white-fir heartwood, can exist, its growth will still be 
dependent on the presence of heartwood of a certain character and 
on the water content of the heartwood. This is evidenced by the 
fact that decay is so commonly found in concentric development at a 
certain distance from the sapwood. The heartwood contains water 
in varying degrees, although it does not lift water like sapwood. 
But there is nothing surprising or irrational about the assumption 
that the water content of the heartwood will depend more or less 
on the water movement in the sapwood. The water in the heart- 
wood of conifers is found in the membranes of the tracheids, not in 
the lumina. In a normal sound tree, heartwood of a given age and 
diameter surrounded by sapwood of normal width, corresponding to 
a certain crown development, will contain approximately a standard 
amount of water. Decrease in crown activity through some cause 
or another (suppression, injury to the crown, etc.) will soon be 
expressed in a rapid progress of heartwood formation, leaving only a 
narrow strip of sapwood, through which very much less water will 
move upward to the crown than in the normal tree. We may safely 
assume that the water content of the heartwood will change to a 
certain degree with the amount of water moved upward in the sap- 
wood. The water content of the sapwood changes, furthermore, 
with age, and also with the season. Both changes must also appear, 
although in a far less degree, in the heartwood. Munch' has em- 
phasized, in a series of very interesting papers, the relation of wood- 
inhabiting fungi to the water and air content of the host tissues. 
Water-logged tissues are inaccessible to these fungi; a certain mini- 
mum of air, as Minch expresses it, must be present in the tissue in 
order to allow the development of the hyphe. 

Variations in the water contained by imbibition in the cell mem- 
branes must influence the degree of humidity of the air in the lumen 
of the cell itself; it is quite probable that this factor also plays a réle 
in the distribution of hyphe in the wood. 
What percentage of water in the cell membranes and of air in the 

lumina of the heartwood presents the optimum for the development 
of Echinodontium tinctorvwm and other similar fungi we do not know; 
but evidently there must be an optimum, a maximum, and a mini- 
mum. Any factor influencing the quota of water and air in the heart- 
wood must, therefore, be of greatimportance. Cracks in the sapwood 

1 Miinch, Ernst. Die Blaufaule des Nadelholzes. In Naturw. Ztschr. Land- u. Forstw., Jahrg. 5, 1907, 

Heft 11, pp. 531-573; Jahrg. 6, 1908, Heft. 1, pp. 32-47, 33 figs.; Heft. 6, pp. 297-323. 

Miinch, Ernst. Untersuchungen tiber Immunitét und Krankheitsempfanglichkeit der Holzpfilanzen. 

In Naturw. Ztschr. Forst- Land u. w., Jahrg. 7, 1909, Heft 1, pp. 54-75, 5 figs.; Heft 2, pp. 87-114; Heft 3, pp. 

129-160. 
Miinch, Ernst. Uber krankhafte Kernbildung. In Naturw. Ztschr. Forst- u. Landw., Jahrg. 8, 1910, 

Heft 11, pp. 533-547; Heft 12, pp. 553-569, 2 figs. 
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reaching to the heartwood admit air, and by evaporation change the 
water content of the heartwood; by oxidation, changes in its chemistry 
probably also take place. 

The change must necessarily be intensified, the more serious the 
injury. Wounds exposing the heartwood heal over very slowly, and 
the heartwood which receives all its water from the sapwood must be 
modified very markedly in its chemistry and physics, particularly in 
its water and oxygen content, by the long exposure to the air. More- 
over, from the time the injury happened until the time the wound is 
completely healed the heartwood is directly exposed to inoculation 
from spores of wood-destroying fungi adapted to white fir. Although 
the production of spores by a sporophore is enormous, by far the 
greater number are carried by air currents to places where they can 
not germinate for lack of moisture; many are intercepted by the 
natural screen (‘forest screen”’) formed by the foliage and trunks of 
uninjured trees or by trees to which they are not adapted, and only a 
very small number finally land in the cracks of exposed sapwood or 
on exposed heartwood of white fir of the proper age. Of these, again, 
a very small percentage find temperature and moisture favorable for 
germination. This explains the fact that so many trees, although 
badly wounded, are not infected. But it stands to reason that every 
year during which the heartwood remains exposed adds to the danger 
of the tree becoming infected. 
By far the deepest wounds are caused by fire. Although in white 

fir the danger in repeated fires feeding on the pitch flow following a 
first injury is comparatively slight, and although the lack of resin in 
the wood does not favor the hollowing out of the interior of the tree 
as it does in yellow pine, fire frequently causes very long wounds, which 
reach into the heartwood. 

Spores can gain entrance to the heartwood through open frost 
cracks. Low temperatures and sudden drops of temperature are 
common throughout the range of white fir. Inside of the range they 
are more or less confined to certain localities and zones. 

Lightning in white fir generally causes more or less superficial 
wounds. ‘The peculiar injuries to be traced to lightning in white fir 
present many interesting features. Here we are only interested in 
injury which might lead to the infection of the heartwood. As in 
yellow pine, lightning sometimes tears long strips of bark off the tree 
and leaves the cambium and sapwood unprotected. In such cases 
both die and dry out, with the result that cracks in the sapwood lead 
into the interior of the tree. Smaller superficial lightning wounds 
locally kill the sapwood, which is very commonly attacked by second- 
ary fungi, which do not do very serious damage. However, logs with 

lightning injury of this kind are liable to be thrown out as culls, 
although they generally contain some sound heartwood. 
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Other causes of serious wounds are comparatively rare. Occasion- 
ally a falling tree will brush off part of the bark of its neighbor. If 
the wound is large, the exposed sapwood dries out, cracks, and the 
heartwood becomes exposed. Very rarely a living tree shows signs 
of early girdling by rodents. Girdled trees as a rule are killed within 
a short time. 

With very few exceptions the entrance of the fungus into the tree 
can be traced to one or more of the wounds just discussed. Occa- 

- sionally, however, a tree showmg no wounding at all is found to be 
decayed. In such cases the only means of entrance for the wood- 
destroying organism is through knots. 

White fir prunes itself very poorly; the wood of the twigs is tough, 
hard, and resistant, and the branches do not break off very readily. 
Later, dead twigs may break off; in the cracks of the wood of the 
stubs spores of fungi may find proper conditions for germination and, 
once established, use the pin knot as a bridge from the exterior of the 
tree through the bark and sapwood into the heartwood. This is par- 
ticularly true for twigs in which heartwood formation has begun. In 
.this sense the opening afforded to fungi by a pin knot that is not 
healed over may be likened to a wound. The opening formed by the 
pin knot, however, is too small to materially influence the chemistry 
and physics of the heartwood of the tree. 

White fir is not exposed to a great number of heart-rot fungi. 
Polyporus schweimtzw is not common. Polyporus sulphureus and 
Trametes pint are rather rare. The parasitism of Momes pinicola is 
not fully established, at least not in white fir. The writer has found 
it on thrifty sugar pine in central California, where it was undoubt- 
edly parasitic in the sense of attacking the sound heartwood of living 
trees through an open fire scar and extending toward the sapwood. 
There would be no incongruity in assuming that it may also occur 
parasitically on white fir; in fact, a number of observations rather 
speak for the correctness of this assumption. 
By far the most serious danger to white fir throughout its range 

comes from Echinodontium tinctorium Ellis and Ey. This fungus 
seems to be particularly adapted to Abies concolor and does not 
appear on many other species. In California it is, though not very 
often, found on Abies magnifica shastensis and also rarely on Douglas 
fir. This fungus must therefore be considered as the chief fungus 
enemy of white fir. The sporophores are easily recognized. They 
are rather large, from 2 to 10, 12, and more inches in width (measured 
horizontally from side to side where they are attached to the tree), 
distinctly hoof shaped, with a black, dull, cracked, rough upper sur- 
face, and a lighter, grayish, level under surface, which is thickly set 
with hard, coarse spines. In young specimens the under surface is 
whitish and rather dedaloid prior to breaking up into spines. The 
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interior of the sporophore is vividly rusty red. This rusty color is 
most characteristic of the fungus and repeats itself very often in the 
decayed tissues of the host. The sporophores are never formed on 
the bark of the tree; invariably they appear from the under side of 
stubs of dead twigs or branches, and commonly the rusty color can 
be followed through these stubs or knots. As the sporophore is 
nothing but the fruiting body of the mature fungus plant living in 
the heartwood of the tree, which alone it is able to attack, every 
sporophore is a certam sign of far-reaching decay in the tree. The 
typical rot may be characterized as a strmgy brown rot. Wood in 
this stage of decomposition is brown, with rusty reddish streaks, and 
becomes distinctly fibrous and strmgy. Following the rot away from 
its maximum of development, we find wood still brown, with rusty 
streaks, but quite firm. Farther away, the brown color becomes less 
noticeable, the rusty color disappears, and finally we come to a point 
where the wood seems to be sound enough to be sent to the mill. A 
little care exercised in examination, however, will show in this seem- 
ingly sound wood the presence of small light-brownish spots and dis- 
colorations, particularly in the summer wood, intermingled with hor- 
izontal burrows, which at first glance could almost be taken for very 
shallow insect burrows. The burrows are not easily detected on a 
cross section. The small brown spots, which give the wood a faintly 
brown, mottled appearance, cause the entire cross section to beslightly 
darker than normal and discolored; but they show up very much 
more clearly in a longitudinal section. A small piece pried out of the 
end of the log with a hatchet or strong knife gives sufficient informa- 
tion about the real state of health of the log. This timber at present 
invariably goes to the mill and without doubt furnishes the lumber 
that, after bemg sawed, dries out and by becoming brittle causes the 
well-known prejudice against this species. It is often characterized 
by a peculiar sour smell and by a spongy consistency of the wood. 

Cull from decay in white fir, therefore, includes not only typical 
rot but also this discolored material, which, although not distinctly 
rotten, is already under the influence of the advance guard of the 
fungus mycelium and will become completely decayed later on. For 
this stage of incipient, or, better, latent decay, the writer proposes 
the term “‘advance rot,’’ which is used throughout this bulletin. 

DESCRIPTION OF AREAS. 

The three areas chosen for investigation are located on the Crater 
National Forest, in southwestern Oregon, all of them in the neighbor- 
hood of the Upper Klamath Lake, a large shallow basin with vast 
swamps, into which unusually large springs of clear cold water empty 
themselves. Very few streams of running water come from the 

98035°—Bull. 275—16——3 



34 BULLETIN 275, U. S. DEPARTMENT OF AGRICULTURE, 

surrounding mountains. Dense timber frames the swamps and ex- 
tends up the slopes to the mountain tops. The elevation of all three 
tracts varies from 4,150 to about 4,400 feet. Low winter tempera- 

tures and severe lightning storms are frequent in the entire region. 
Two of the tracts, the Pelican Bay Lumber Oo. sales area and the 
Odessa ranger-station tract, are situated on the west shore of the lake. 
They are about 2 miles apart and present conditions so much the same 
that they can be considered as one. | 

The Pelican Bay tract on the west side of Pelican Bay lies, as far as 
the area covered by this study is concerned, along the slopes; the 
aspect is east to northeast. That is, it is exposed to cold wintry 
winds, sweeping unbroken across Upper Klamath Lake. We may 
expect frost injury. The volcanic soil is fairly deep and loose; the 
humus layer is rather shallow. There are no rock outcrops. The 
underbrush is composed of Ceanothus, manzanita, and some chin- 
quapin. 

The Odessa ranger-station tract is far less steep than the Pelican 
Bay tract. A considerable part of it is a gentle slope, almost level. 
The general aspect is north; presumably the tract is less exposed to 
sweeping winds of very low temperature. The soil is decomposed 
lava, but richer in humus than the Pelican Bay tract. Outcrops of 
rock are frequent. There are a number of large springs in the neigh- 
borhood. The underbrush is rather dense and is composed of 
Amelanchier alnifolia, Ceanothus velutinus, with some Salix sp.; the 
ground cover consists of Ceanothus prostratus, Berberis aquifolium, 
and Symphoricarpus racemosa. 

The third tract, the Otter & Burns sales area, lies about 15 miles 
north of the north end of Upper Klamath Lake. The tract is level, 
the soil very loose, sandy, decomposed pumice, with no indication of 
rock. Under the influence of the Fort Klamath Valley with its 
swamps, the atmospheric humidity is rather high, as is evidenced by 
the rich lichen flora, Alectoria fremont being common. Thus the 
immediate surface of the soil is kept damp, and litter disintegrates 
very rapidly. ‘The humus is about 1 to 2 inches deep; the soil imme- 
diately underlying it is remarkably well drained. The rapid humifi- . 
cation in the top layers favors the development of mycorrhiza on the 
roots of white fir in surface strata. White fir seedlings show a thick 
matting of mycorrhiza, confined to the same strata of a certain humi- 
fication, and a very long taproot seeking water. Yellow-pine seed- 
lings also develop a taproot, but the mycorrhiza rootlets are found 
at a greater depth than those of white fir. They are not as closely 
bunched as in white fir and are distributed over a larger area in a 
vertical direction. The underbrush is formed by Ceanothus velutinus 
of medium density, from 4 to 6 feet high, in a uniform cover. 
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On the two tracts near the lake white fir is mixed with yellow pine 
and Douglas fir, a little incense cedar, and a very little sugar pine. 
On the Otter & Burns tract the stand is composed of yellow pine 
and white fir, with occasional lodgepole pine. 
On each tract conditions were more or less uniform, differences in 

elevation were negligible, and neither deep gulches nor steep slopes 
had to be figured with as disturbing factors. All in all, 160 trees were 
dissected and notes taken on all factors which possibly would have 
some bearing on the subject of this bulletm. In operating, the tracts 
were not clean cut; that is, not every white-fir tree in the area was 
felled and examined, since it was not the object of the study to estab- 
lish a cull per cent for that particular region. 

The data obtamed are from selected trees. On the Pelican Bay 
Lumber Company’s sales areas the trees, of course, had all been 

marked by the Forest Service officers in charge; on the Otter & 
Burns sales area some trees were marked, and others were felled inde- 
pendently of marking. On the Odessa ranger-station tract all trees 
examined were felled for our special purpose. The representation of 
trees of different ages, diameter, and height classes on the three tracts, 
therefore, is not expressed correctly by the number of trees examined 
on each tract. 

LOCAL PATHOLOGY OF WHITE FIR. 

The pathology of white fir in the Upper Klamath Lake region is 
comparatively simple. Of injurious factors of an inanimate nature, 
fire, ightning, and frost are common. 

Very few species of fungi inhabiting living white fir are found on 
the three tracts. As we are mainly interested in the pathology of the 
the wood, the occasional occurrence of Peridermium elatinum and of 
Lophodermium nervisequium becomes an entirely negligible factor. 

Of heartwood-destroying fungi in living white fir, Echinodontium 
tinctorvum is by far the most common, and sporophores are numerous. 
About 75 per cent of all cases of decay were due to this fungus. 
Occasionally decay may with some certainty be traced to Fomes 
pinicola. In one case a sporophore of an Irpex was found in the 
decayed hollow of the trunk. Trametes pini is missing altogether, 
though found occasionally on neighboring sugar pine. Decay caused 
by Polyporus schweinitzi was found in several cases, never with 
sporophores. 

In other cases the decay was too indefinite to allow an identification 
of the fungus causing it. This is particularly true for the many cases 
of localized advance rot connected with scars from diffused lightning. 
The preponderance of Echinodontium tinctorium, especially in con- 

nection with really damaging decay, is so marked that in this study 
all important cases of decay are considered to be caused by this 
fungus. 
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A study of the fungi destroying down timber lies beyond the scope 
of this bulletin. The only practical aspect of their activity les in the 
fact that down timber, limbs, branches, twigs, and needles are decom- 
posed very rapidly. 

It is evident that all the poimts discussed in the preceding pages 
must be kept in mind in taking field notes. But this is not sufficient. 
Work of this kind has very much the character of an exploration; 
surprises and discoveries are possible at any point of the road, and it 
is therefore indispensable constantly to be on guard im order not to 
overlook any phenomenon worthy of observation. 

TABULATION OF DATA. 

The next step is proper tabulation of the data obtained. The three 
tracts were so close together and conditions so similar that they were 
considered as one, and all notes were combined. Separate interpreta- 
tion of the notes of each tract showed differences only in detail. The 
procedure was as follows: 
A first table was compiled from the field notes giving all important 

data as well as all such data which might have a bearing on the 
subject of this bulletin. As we are particularly interested in the 
problem of the relation of age to infection and subsequent decay, a 
second table gave the same notes arranged progressively by the ages 
of the trees examined. This table formed the basis for further 
operations. 

The youngest tree dissected was 60 years old, and it is the first to 
show decay (Table 1). The possible age limit of infection is therefore 
at least 60 years; it is probably lower. But in practical forestry we 
do not seek an answer to the question of the earliest age at which a 
tree might become infected, interesting as this is from a mycological 
point of view, but, rather, from what age may we with reasonable 
certainty assume that serious decay becomes so prevalent as to 
distinctly impair the merchantability of the timber. 

The tree in question has a diameter breast high of 10.1 inches; it is 
44 feet high. A healed-over broad scar still visible externally at 2 to 
8 feet above ground corresponds to an internal scar, reaching from 2 
to 10 feet, and was probably caused by hghtning. The injury happened 
22 years ago and was distinctly superficial; the deterioration, in the 
form of a slight discoloration of the sapwood, follows this scar only, 
without extending any farther into the wood. This superficial dam- 
age does not render the affected logs unmerchantable. For practical 
purposes, therefore, such cases may be disregarded; they are negli- 
gible. In the interpretation of our material, the character and the 
degree of the damage must be considered with special relation to their 
bearing on the merchantability of the lumber. Not only the extent 
in longitudinal direction but also the distribution of the decay over 
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the cross section enter into the valuation of thisfactor. In the present 
study, the lateral extent of decay, the distribution over the cross 
section, was estimated, as it is in practical scaling. Actual measure- 
ments are difficult to take, on account of the immense variability of 
the decay. In Table I, decay which neither in lateral extent nor in 
degree was considered sufficient to seriously injure the merchanta- 
bility of the part affected was marked as negligible. The longitudinal 
decay was taken in linear feet, and the entire length was considered as 
affected, in order not to complicate the computation too much. We 
must distinguish between superficial decay of the sapwood and the 
more serious decay of the heartwood. Figures of superficial decay 
of sapwood are given in brackets (Table I, column 5). 

The next trees are sound. A negligible decay occurs in a tree 73 
years old. Its diameter breast high is 11.2 inches; its height 58 feet. 
The light decay started from an internal scar, caused by fire 23 years 
ago and healed over in 5 years, but it remained in close proximity 
to the scar without spreading. Again, a number of sound trees fol- 
low. Then the first more serious decay appears. 

The tree in question is 84 years old, its diameter breast high only 
8 inches, height only 45 feet. Both fire and lightning have played 
havoc with this individual. An open scar extends from the ground 
21 feet up the bole. The tree is quite evidently not in good health, 
the sapwood is very narrow, and the crown is lopsided and very short. 
Even in this case the decay follows more or less the open scar, but it 
is sufficiently serious to cull the affected parts in so small a tree; in a 
larger and thriftier one the damage would be called more or less local 
and a nominal deduction made in the scale. From a lumbering point 
of view this tree may be disregarded. 

So far, all trees considered had been either thrifty or not very 
seriously wounded. Here we have an obviously suppressed, un- 
healthy, and badly wounded tree; it presents at the same time the 
first case of decay that is not to be called negligible. The following 
trees are sound; then follows a negligible trace of decay in an 86-year- 
old tree, badly suppressed (diameter breast high 4 inches, height 13 
feet), grown in dense shade, with a remarkably small crown and with 
a healed-over frost crack, but no other wounds. After several sound, 
fairly thrifty trees follows a tree 87 years old, badly suppressed 
(diameter breast high 7.8 inches, height 39 feet), with a very short 
crown, wounded badly by fire and lightning (open scar from ground 
to 18 feet), and with decay following more or less closely the open scar. 

From these and the following trees, it appeared possible that with 
increasing age the crown class, or rather the degree of suppression and 
dominance, played a réle with regard to the extent and seriousness of 
the decay. Preliminary studies on incense cedar had given the same 
indications. It seemed desirable, therefore, to express this degree of 
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suppression and dominance by a figure which would allow direct com- 
parison between trees of the same age. Height alone would be mis- 
leading. Volume table figures can not be used, since they are based 
on sound normal trees. The relation of height to diameter breast 
high, expressed in total volume, was thought to be a safer index. 
The object bemg to obtain directly comparable figures by ages and 
not the exact volume, the tree was considered as a perfect cone over 
the stump, at which we had taken the ages. From somewhat scanty, 
but individually reliable notes, the diameters at the stump (diameter 
outside bark 18 inches) were obtained, and from these and the height 

the volume of the cone in cubic feet was computed. 

Taste I.—Fundamental data on the pathology of the white fir. 

Volume (cubic feet). 

Of rot, in- 
No. of tree. Age. Average | cluding ad- Character of wounds. 

For each | for trees | vance rot 
tree. of same | (percent- 

age. age of total 
volume). 

1 2 3 4 5 6 

60 11.3 15(?) 1 [34.2] | Lightning. 
69 25.1 19 — Leader healed in. 
71 11.8 20 _ No wounds. 
72 18.8 20 — Very slight lightning. 
72 Tet 20 — No wounds. 
73 18.5 20.3 12.7 | Fire; healed. 
76 23.0 21 — Lightning. 
78 12.4 21.3 _ Very little lightning. 
80 31.4 23 — Do. 
81 45.5 24 _— Several scars. 
82 29:9) 24.1 — Lightning (?). 
84 44.4 24.6 — No wounds. 
84 8.9 24.6 82.8 | Fire, open; lightning. 
84 25.6 24.6 — Little lightning. 
85 Te) 25 = No wounds. 
86 33.7 26 -- Little lightning. 
86 6.3 26 | Negligible. | Frost ridge. 
86 22.8 26 — No wounds. 
87 13.3 26.5 _— Ligthning. 
87 27.1 26.5 = Very little lightning. 
87 6.8 26.5 82 Lightning with fire. 
87 9.6 26.5 — Fire; healed. 
90 30.1 29 19.9 | Fire, healed; lightning. 
92 128.1 30 — No wounds. 
92 10.2 30 — Very little lightning. 
94 44.8 31 _— Fire, open; lightning. 
96 38. 1 32.5 [4.53]| Fire, open. 
96 32.9 32.5 — No wounds. 
96 25.1 32.5 55.3 | Fire, open. 
96 PAs a 32.5 13.5 | Lightning. 

101 46.5 37 —_ Do. 
102 22.3 38 16.8 .| Fire, open. 
103 34.2 39 61 Fire; lightning. 
103 35.2 39 = No wounds. 
104 25.5 40 [2.39]| Lightning. 
104 25.5 40 71.8 Do. 
104 68.2 40 47.6 | Old girdling; lightning. 
105 20.7 41 43.5 | Fire, open. 
105 90.3 41 _— No wounds. 
105 32.2 41 — Do. 
105 58 41 — Do. 
105 52 41 _ Do. 
106 29 42 46.9 | Fire, open. 
106 48.3 42 Traces. | Lightning. 
107 17.0 43 45.5 | Falling tree. 

1 The use of brackets ([ ]) in column 5 indicates superficial decay of sapwood. 
2 The letters a and b indicate two distinct foci of decay in the same tree. 



FOREST PATHOLOGY IN FOREST REGULATION. 

Taste I.—Fundamental data on the pathology of the white fir—Continued. 

Volume (cubic feet). 

. Of rot, in- 
No. of tree. Age. Average | cluding ad- 

For each | for trees | vance rot 
tree. ofsame | (percent- 

age. age of total 
volume). 

1 2 3 4 5 

107 40.6 43 [92. 2] 
107 39.6 43 _ 
107 65 43 = 
107 55.0 43 [9. 12] 
108 61.2 44 — 
109 33.8 45 = 
110 30.0 46 68.5 
110 47.7 46 = 
110 14.7 46 _— 
110 72.6 46 58.7 
110 24.8 46 = 
110 26.8 46 = 
111 32.1 47 23.7 
111 14.6 47 — 
112 66.2 48 42.9 
112 40.8 48 42.1 
112 40.7 48 51.5 
113 25.7 49 [23.9] 
114 30.3 50 = 
116 ile Y/ 52 [Trace.] 
116 36.3 52 4 
118 11.5 53.5 — 
118 20.5 53.5 — 
119 89.5 54 = 
119 37.6 54 100 
121 18.9 56 — 
122 46.3 57 = 
123 39.5 58 89.0 
123 18.5 58 [8. 8] 
123 21.8 58 77 
124 141 59 29.0 
124 21.3 59 60.0 
124 30.5 59 Negligible. 
125 53.5 61 _— 
125 125.5 61 58.1 
126 42.7 62 82.1 
129 85.6 65 80.3 
130 32.8 66 77.5 
130 52.3 66 32.4 
131 14.3 67 93.7 
132 87.4 69 _ 
132 256.5 69 _— 
132 98.2 69 65.3 
133 90.2 70 34.6 
133 26.4 70 = 
134 28.8 71 21.8 
135 55.1 73 42.0 
135 83.2 73 60.7 
136 9.9 74 95.6 
136 108 74 _— 
136 86.4 74 76.9 
137 49.1 76 _— 
137 33.6 76 85.3 
138 77.4 7 _ 
138 76.3 78 —- 
140 54.4 80 96.4 
140 187.0 80 -- 
140 20.6 80 132.7 
140 24.3 50 100 
140 50.4 80 co 
140 28.2 80 00 
140 136.5 80 133.5 
14] 61.1 82 00 
143 35.0 86 61.2 
144 235.5 87 _ 
146 94.5 90 [27.7 
146 30.0 90 88] 
148 135.5 94 70 
148 154 94 —_ 
149 34.1 96 60.1 
150 66.5 97 _- 

Character of wounds. 

Lightning. 
Little lightning. 
No wounds. 
Frost erack. 
No wounds. 

Do. 
Fire, open. 
No wounds. 
pie oe 

0. 
Little lightning. 
Very little lightning. 
Fire, open. 
Fire; little lightning. 
Twin healed in; frost crack. 
Fire, open; lightning. 
Frost crack. 
Fire, open. 
Fire; lightning. 
Fire, open. 

Do. 
N g wounds. 

Fire. 
Fire; lightning. 
Lightning. 
Little lightning. 
Frost crack. 
Lightning. 
Fire, open. 
Fire 
Frost erack; lightning. 
Fire, open; lightning. 
Lightning. 
Fire, open. 
Frost crack. 
Fire, open; frost crack. 
Lightning. 
Fire, open. 
Frost crack. 
No wounds. 

Do. 
Frost crack. 
Fire, open. 
Lightning. 

Do. 
No wounds. 
Fire; frost cracks; lightning. 
Frost crack. 
No wounds. 

Do. 
Do. 

Lightning. 
Do. 

Frost crack. 
Fire. 
No wounds. 
Lightning. 
Lightning, severe. 
Lightning. 
Fire, open; lightning. 
meee open. 

do, 

Falling tree; frost crack; lightning. 
No wounds. 
Vire. 
Frost crack; lightning. 
Frost crack. 
No wounds. 
Vire, open. 
No wounds, 
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TaBLe I.—Fundamental data on the pathology of the white fir—Continued. 

. Volume (cubic feet). 

Of rot, in- ; 
No. of tree. Age. Average | cluding ad- Character of wounds. 

For each | for trees | vance rot 
tree. of same | (percent- 

age. age of total 
volume). 

1 2 3 4 5 6 

Dt tae ah nes ay mdb Ss 156 123.5 97 81.5 | Frost crack. 
TITER ge Si rare ta Ns hg ie ei, 150 45.6 97 55.5 | Fire, open; lightning. 
Teh pS TES OURO. 2 150| 112.5 97 68 Do. 
1 Va Red bee lee anes IES a 151 16.6 99 41.3 (2) 
BO rae eee ana ea Focal ate 152 192.5 101 58.1 | Frost crack. 
OS st Re A a aE ee 152 75 101 15.7 Do. 
TR ea ea 155 235 107 63.2 | Fire, open. 
PMD ACES eR ABS UT MT 155 121 107 36.2 Do. 
U7 re he SR ers ae a 155 37.7 107 Negligible. | Lightning. 
Bos tee epee een 156 380 109 36.5 | Fire; frost crack. 
Oka al el re SO IE at 156 96.5 109 32.8 Do. 
Dee tGiae a kL oe ana 159 152.0 109 — No wounds. 
SD epee Se RNA Eh AL A ie UST 160 224.5 116 73.7 Fire, open. 
QB Ne SL IS OA ee PEE ha 160 26.8 116 98.5 Fire, open; lightning. 
VAS Rees ere ane seek poe 161 68.6 118 — Lightning. 
BUCY Pe Pe 8 ten a a ls 161 68.2 118 89.4 | Frost crack. 
DGPS RSA eee 162 38 121 = Lightning. 
Ari ote STs Os EL Ee ORE 163 122.5 123 — Notes ESI 
pod eg area ye as a a eee 163 106 123 82.9 Fire, open 
CoN gy ef LN A A 164 417 125 25.5 | Frost crack (healed); lightning, 
Be Re ee ee Pe ANSE a 165 (2?) 127. |Incomplete.| Fire, open. 
DU ee se een screen nmns 165 128.5 127 53.4 Fire: lightning. 

166 57.2 129 (?) Notes missing. 
166 171.5 129 — No wounds. 
168 179 134 — Fire. 
169 291.7 136 6.8 | Fire; frost cracks. 
170 328.5 138 53 Fire. 
170 121 138 87.4 | Frost crack. 
170 123.8 138 67.2 No wounds. 
175 68.0 150 47.1 | Fire, open. 
175 68.0 150 16.4 Lightning. 
178 212.7 158 — Frost crack. 
178 127.7 158 [5.1] | Lightning. 
180 133 164 16.7 | Fire, open. 
183 | 100 [166] 39.5 | Lightning. 

1 Sa ee as SD 185 148.3 [166] = No wounds. 
CO) Sal a ASL EN ied 185 100.5 [166] 53.6 | Fire, open. 
LORE ees Coen me 186 42.85 [166] = Lightning. 
GG ay Se ee ee 189 64.4 [168] — Frost ridge; lightning. 
SOMMERS USA RE CREAR. 191 | 546 [168] 52 Fire. 
SOP meee Sica haem meu nee 192 110.7 [170] 95.5 | Fire, open; frost cracks. 
ARRAS no BAS ie APD 200 115.7 {180} | Negligible. | Frost crack. 
1s Ans a Ae eI ee 200 26.0 [180] 100 Fire, open; lightning. 
(LBS SASS SA ae 221 196 [190] 100 Frost crack; lightning. 
Est bis Ss As bs ofa e Oea o 232 235 [200] 71.3 | Lightning. 
La eise tse ee cee nice n ele 258 46.7 [220] [100] Fire, open; frost cracks; lightning. ~ 

These volumes are, of course, not directly comparable with each 
other; they have a meaning only when individually compared with 
normal volumes for the same age. It was necessary, therefore, to 
curve data collected on normal trees, such as were selected for vol- 
ume tables in larger numbers on the same area. The most reliable 
portion of this curve lies between 80 and 180 years. The relation of 
the actual to the average volume of trees of the same age we may 
use as an index of suppression or dominance of the individuals in 
question. 

The volume of the decayed part of the bole was fieurad as the 
affected part of the cone. But instead of giving the decay simply m 
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cubic feet, making constant reference to the total volume of the 
tree necessary, the volume of the rot was expressed in percentage of 
the total volume. Advance rot—that part of the wood already under 
the influence of the mycelium—is included. It must be kept in mind 
that all figures given under this heading (column 5) are therefore 
likely to be high. To be on the conservative side, all measures of 
decay were taken very carefully, and im all cases where there was 
any possible doubt the uncertain part was measured as decay. But 
since the same procedure was followed consistently the results are 
directly comparable. 

Table I gives us our working material in figures. Column 1 shows 
the individual number of each tree from the field notes and is given 
only for convenience of reference, the trees being arranged in the 
order of their ages (column 2). Column 3 shows the actual or total 

volume in cubic feet of each tree, considered as a perfect cone. 
Column 4 gives the volume in cubic feet for the average tree of the 
same age. Column 5 shows the volume of rot (including advance 
rot) in cubic feet expressed as a percentage of the total volume of 
the tree. Column 6 shows the character of the wounds. 

CONDENSATION OF DATA. 

It proved difficult to interpret intelligently this mass of figures. 
If there existed any relation between decay and possible influencing 
factors, it certainly did not appear very clearly from this table. 
It became necessary to simplify and condense the material. 

Instead of expressing dominance or suppression by the relation 
of the actual to the normal volume in figures, the system of crosses 
described above for the field notes was used. Three classes were 
adopted—dominant, intermediate, and suppressed: Those volumes 
which came closest to the average were considered intermediate 
and entered in the table with one cross, which expresses the affirma- 
tive; a dash signifies negation. In the intermediate class therefore 
there can be not more than one cross. The deviation from this 
average shows in the two other classes, and as here all degrees are 
possible, the degree of suppression or of dominance is shown with one, 
two, or three crosses. Thus, three crosses under ‘‘Dominance’’ 

mean that the tree is as far beyond the average as is possible in that 
locality. On the other hand, one cross under ‘‘Suppression’’ means 
that the tree is decidedly suppressed, two crosses that it is badly 
suppressed, and three crosses indicate the highest degree of sup- 
pression. ‘This classification is admittedly arbitrary; it seemed to 
answer the purpose, however, and has so many advantages, with its 
possible grades and its graphical clearness, that it may be retained 
until some better method is devised. (Table II, columns 3, 4, and 5.) 
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To reduce the figures in column 5 of Table I to simpler symbols 
was more difficult. Here the entire affected part of the cone for 
practical purposes was considered as cull, including the sapwood. 
In reality, there are, of course, all gradations from a slight discolora- 
tion of the sapwood following a long lightning scar or a number of 
smaller scars to complete destruction of the heartwood by decay. 
In order to simplify this column and to bring out more forcibly its 
relation to influencing factors, the writer tried to reduce the percent- 
age figures to ratings, applying the system of crosses used throughout 
this study, taking mto account not only the volume percentage of rot 
in cubic feet, but also the character of the injury with regard to the 
degree of rottenness. Thus, one cross in parentheses, (x), signifies 
slight and negligible local discoloration; one cross (not in parentheses) 
shows distinct rot, but affecting not more than about one-third of 
the tree; two crosses, about two-thirds of tree affected; three crosses, 

more or less of the entire tree affected. In each case, the character 
of the decay as indicated by the detailed field notes was given due 
consideration. This explains apparent discrepancies between decay 
rating and decay volume in the percentages in Table I, where the 
affected part of the bole was considered as cull for the entire length 
of the decay. In decay rating, the actual loss in merchantability 
was expressed according to the character of the rot and its extent. 
This valuation of the decay, it is true, is necessarily somewhat arbi- 
trary. Itis really the condensation of carefully taken field notes and 
measurements and must serve until a more satisfactory method can 
be found. Where general relationships only are concerned, as in 
this case, our symbols may be sufficiently correct, provided they are 
based on exact figures and reliable field notes. (Table II, column 6.) 

In order to insure a higher degree of reliability for the decay-rating 
symbols, the operation was repeated some time later without con- 
sulting the results of the first. With insignificant exceptions, both 
ratings were identical. 

In much the same way the character and degree of wounding was 
reduced to a system of crosses. Plainly, this can be done only from 
field notes, which were generally amplified by actual measurements 
of the size and extent of the wound. The chances of inoculation 
offered by a wound decide its rating. That deep wounds, particu- 
larly such as have remained open for a longer time, are rated higher 
than small superficial injuries, soon healed over, is self-evident. The 
system of crosses is the same as heretofore explained. (Table II, col- 
umn 7.) 

The next column (Table II, column 8) indicates the means whereby 

the fungus entered the tree, as evidenced by the analysis. 
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Taste I1.—Condensed data on the pathology of the white fir. 

Degree of dominance or 
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Remarks. 

10 

Negligible; advance 
rot. 

Negligible. 

Advance rot. 

Negligible. 

Advance rot. 
Do. 

Advance rot. 
Open 22 years. 

Advance rot. 
0. 

Almost completely 
girdled 82 years 
ago; wound open 
31 years; mostly 
advance rot. 

Negligible. 
Advance rot. 
Advance rot local- 

ized in scars. 

Negligible. 

Mostly advance rot. 

Rot following two 
very long open 
sears. 

Advance rot. 

Very slight advance 
rot. 

Slight advance rot. 
Do. 

Little typical rot. 
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Tasie Il.—Condensed data on the pathology of the white fir—Continued. 

Degree of dominance or 

Decay | Wound] Infection traced 

of suppression. 

He: a 

v ge. rating. | rating. 
set Domi- ee Suppres- 

nance. | “sie. sion. 

1 2 3 4 5 6 7 

97) 116 _— —_ xXx — XOX 
109 | 116 — —_— xx x 30x 
98 | 118 — — 3.0.0.0 0 MAME — 

140} 118 — = b.0-0. <a) ial PSDP ne 4 (x) 
40} 119 xx —_— ae CP Es D:0:¢ 
74| 119 —_ — xx x Xxx 

Tats |i ai —_ — EXSRSRA AC Meter eee x 
150 | 122 — — oa) Kanleanenes — 
58 | 123 _ —_— xX xx xx 
69 | 123 — = KOXSKS — Xs 

154 | 123 _ — Xxx BKK 2.G.076 
Se As | eXeXoxs — —_— re XeKe 
56 | 124 —_ — xxx x xx 

113 | 124 _ —_— SKSXS — SOx 
33 | 125 _ — > Nee el es 5 4 x 
Al IGY ||. s0-0:¢ — — TOL EXSKeRs 
60 | 126 —_ _— BOX 30.05 xx 
79 | 129 ox — — XXX SXOKSKS 

54] 130 — — ROKSK: XX Xxx 

63 | 130 — —_— XoKs xx SXOXENs 

65] 131 —_— — XxX XK 20. 
Waletse XSXs — SS REE cee — 
atl)|} TEP} jo-!o:< — verte Hae eH — 
49} 132 2.0.6 — — PXSKeR: xx 

42 | 133 xx — — x RORSKs 
112 133 — —_ 2.0.0: Gaba | Be plaids 8 xx 
53} 134 — _— XXX aXe Xe 
28 135 —_— — RK Ee — 
gy |) lays) ae — — EXSKs XXX 

26 | 136 _ — EXoNOKs XXX ExaKG 
16 | 136 xx — ei | see meee — 
48 | 136 —_ xe _ XXX —_ 
1 137 — — SHER MIE Ss Lee — 

50} 137 — — XxX XXX x 

2 138 — x he Saacass a xX 
15} 138 — Xs ne ee & 3x 
6} 140 — — pXoKeKs xXxXxX KK 
C\ T4070) x —_— A ee —_— 

70 | 140 —_— —_— 20.0.6 X FOX 
119} 140 _ _ xxx KORN Xxx 
153 | 140 —_— — ©. Cy | mney Eh x 
155 | 140 — — 010K XXX XxX 
43} 140 XX: _— — 28 XXX 

156} 141 —_— _— iXSKO XXX b:0:0:¢ 
61} 143 _ _— EXSXER: xX xX 

IDk iP IEE) s-o-0-< —_— Rae eso sae = 
4 146 _— x — Xs xx 

106 | 146 — _ xXx xx b:0:0.¢ 

5} 148 xx —_— —_ xx BXOKs 
35} 148] xxx —_ tees Ee ss — 
92} 149 —_ —_— xxx XK DOOe 
10} 150 — — 2:0 eee ee — 
25 | 150 xx — _ 20:0: 30.0: 

114} 150 — — xxx xX XXX 
157 | 150 x: — _ xx xxx 
151 | 151 _— — XXX xx xx 

Fire, open. ...-- 

Fire (2), with 
lightning. 

Frost crack..... 

Tose cracks = 
Fire; lightning. . a 

Fire, open....-- 
Frost crack... ..- 
Fire, with frost 
crack. 

Lightning.....-- 

ire openas- ane 

Frost crack. ....- 

Frost crack. ..-. 

Hire Tope = ss 

Fire, with frost 
crack. 

Frost crack. ...-. 

knots. 

Pa Gore ee 

Frost crack - 
wounds from 
falling tree. 

Peuining and 
frost. 

Frost crack. .... 

Mire} openweeeaes 

Frost crack. .... 
Fire,open....- 
mer ea donee 

Appar- 
ent 

condi- 
tion of 
crown. 

bd bd Rd Pd Bd dd 

Remarks. 

10 

Negligible. 
Mostly advance rot. 

Advance rot. 

Much advance rot. 
Advance rot; negli- 

gible. 
Very long scar. 
Little advance rot. 
Advance rot. 

Much advance rot. 
Sporophore. 
Two very bad burns 

held open by frost 
crack for 85 years; 
sporophore. 

Much advance rot; 
young sporophore. 

Very bad open fire 
scar. 

Much advance rot; 
2 sporophores. 

Mostly advance rot. 

Advance rot. 
Slight advance rot. 
Much advance rot. 

Sporophore. 

Sporophore. 

Much advance rot. 

Sporophore. 

Slight advance rot. 

Tree almost killed at 
age of 81 years; 
mostly adyance 
rot. 

Much advance rot 
near wounds. 

Advance rot. 
Much advance rot 

in scars. 
Small sporophore. 

Rot following scars. 

Much advance rot; 
small tree. 
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TasLeE II.—Condensed data on the pathology of the white fir—Continued. 

Degree of dominance or 
of suppression. Appar- 

ee gt eS Decay | Wound] Infection traced | ,°P%.. ed, 
rating. | rating. to— : 

tree. Inter tion of 
Domi- | ineai- | SEPPTes- crown. 
nance sion. 

ate. 

5 ae Rs 3 4 5) 6 7 8 9 10 
| 

8 | 152 | xx — | = xx x Frost crack...-.- x Two sporophores. 
9} 152 — — xx ois ok | See Deas ee ae x Scar long healed 

over. 
13} 155 _ _ BiSROXs xXx xxx | Fire, open...- ae 
Shy Was x _— — xe B:0.0:6, | INC eeaerace sone eK Slight advance rot. 

117 | 155 = = ZO.0.€ — xx Lightning.-..... rao. 
83} 156] xxx _— = TGR xxx | Frost crack.....- x Much advance rot 

and shake. 
91} 156 ~ — Ex x xxx | Fire, open.... xXx 
27 | 109) xxx _ SS eee ee = = ae 
12} 160] xxx — — XXX Kx eine vssee Sa. rae ex 
93 | 160 = = XxX XXX xO.6.¢) | 1M), @owaest sae = x 

118 | 161 — — S01 Giang) ieee ee x = 0.0.4 
160 | 161 — — xXx XXX xxx | Frost crack......| xxx | Sporophore. 
116 | 162 — = SRSKOKGM | srersere =e x = x 
47 | 163 == x SAH eee Xs = x 
81} 163 — — i XXX 3,0,0.6)) || INN) Ojos esa aae|| | 20:0.¢ 
84] 164] xxx — a Foe XX kG CSS ee Wee eee x Small sporophore. 
3 | 165 (?) (?) (?) KX 20.0.4. //:1) IRIN CE oka aomie x Notes — incomplete; 

DT Be S265 
inches. \ 

51 | 165 _— x — xXx p.o.0) Naan el GOs see isp eX Much advance rot. 
24) 166 — — xxx X (?) ( xs Notes incomplete. 
32} 166 2.0.0 = — lee soese = = x 
29] 168] xx — seeceiead bats elp ete (x) — x 
82; 169 | xxx = = Ks XXX (x) | Very thrifty. 
8| 170) xxx — _ xox: Xx x(?) 

57 | 170 = = x: XXX 2-0.€ 2.9.6 Five sporophores. 
67 | 170 _— — xe b.0:0.¢ — nes x Small sporophores. 

64-a | 175 ~- — XxX XXX xxx | Fire, open......- x 
64-b | 175 _ _ 2.0.0. xx xxx | Lightning.....-- x eae rot; small 

ree. 
36 | 178 20.6 = ——Pendiecncsss x — x 
52 | 178 — 26 — be Lightning....-..-. Xe Advance rot. 
77| 1830) — TO aL x 0:6 WT Aa gens x Advance rot and 

shake. 
71 | 183 _ _— xx Exe 9.6.0.6.)|| 9] La ft 0 OB} oo) yee xx Advance rot. 
34 | 185 _— = Kin iia eastoo eee — = x 
95 | 185 = = xx 3G. xxx | Fire, open... x 

107 | 186 = = 5.0.0. ad aa xx = x 
66} 189 — = 3-9. 6,.Gye\ il | be, Ses xX = x 
39} 191} xxx _ _— Roe KK BHO os x Fire 110 years ago. 
86} 192 _ _ p.@.¢ Xxx xxx ~| Prost crack... - 2S Large sporophore. 
14 | 200 _ _ 29.6 — Kye BIC (0 ko ame) Mp:o:0.¢ 

142} 200 _— — xxx XXX bo. Syed Chi 2 ah See ae tetas xxx | Much advance rot; 
small tree. 

73) 221 _ x — 19.0.6 xx Frost crack with | xx Four sporophores. 
lightning 

59 | 232 x _ — XXX x Lightning......- (?) Much advance rot. 
141 | 238 _ _ 2.0.4 xXx xxx | Fire with frost | xxx | Mostly advance rot 

crack, with shake. 

Another column, concerns the apparent condition of the tree (Table 
II, column 9) and indicates the appearance of health of the crown, 
taking the healthy, thrifty tree as normal (indicated by one cross) 
and marking the degree of deviation from the normal in the usual 
way. ‘Thus, one cross in parentheses, (x), means that the tree is an 
exceptionally healthy one; two crosses (not in parentheses) indicate 
that the crown is rather poor, either in development or that the color 
is abnormal, etc.; and a tree having a very much underdeveloped 
and sickly looking crown is marked with three crosses. The personal 



46 BULLETIN 275, U. S. DEPARTMENT OF AGRICULTURE. 

factor may, of course, lead to misinterpretations unless the same 
standard is applied throughout the entire study. For this very 
reason it seemed doubtful from the beginning whether these data 
would be of much value. They are given here merely for the sake 
of completeness. 

The condensed material was again tabulated. In the condensed 
table (Table IL) the relation of decay to age can easily be followed by 
comparing columns 2 and 6. “Decay rating’’ is placed between 
“‘Suppression”’ and ‘‘Wound rating” in order to bring out forcibly 
any possible relation between these factors. 

INTERPRETATION. 

The column that interests us most is apparently the sixth, “Decay 
rating.”’ In glancing over this column and comparing it with the 
neighboring ones we can read directly the connection of decay with 
factors that may be of influence. Each separate case of decay, of 
which one, two, or even more can occur on the same tree, may be 
called, for simplicity’s sake, in this study, a ‘‘cull case.”” Each cull 
case is the result of a separate infection. The actual loss of timber 
by fire burning out the stump does not concern us here; cull from 
this source is included in the ‘‘volume of rot’? whenever the decay 
is directly traceable to the fire wound. Otherwise the cull from fire 
is neglected. Cull from knots, limbs, or wind-shake is not considered. 
Altogether there are 97 cull cases. 

The first two cull cases are negligible for practical purposes. Some 
loss occurs in tree No. 125, 84 years old. We see that this is a very 
badly suppressed tree, very seriously wounded, in very bad health, 
and that it is injured by both fire and lightning. Another case occurs 
in tree No. 124, age 87 years. Again suppression, wounding, and 
condition of health are marked with three crosses, indicating the 
worst possible conditions, together with two causes of wounds—firre 
and lightning. In both cases fire is the more serious, lightning often 
occurring higher up on the tree in numerous small wounds. It 
carries advance decay to the upper part of the bole and materially 
increases the volume-rot figure and the decay rating. The next cull 
case is a slight one (tree No. 88, age 90 years). The tree is inter- 
mediate, wound rating medium, health good, the decay only advance 
rot. Continuing down the ‘Decay-rating’”’ column and comparing 
the symbols with those in the neighboring columns, we find that in 
almost every case the rating of rot more or less expresses or is ex- 
plained by the factors of suppression and wound rating. Apparent 
discrepancies generally find their explanation under “ Remarks”’ 
(column 10). 

Suppression shows at an early age. A distinct preponderance of 
suppression is noticeable from about the age of 84 years. The first 
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very pronounced cases appear in the same year. They seem to be- 
come particularly common from about 110 to 120 years. 

Suppression stands out strongly as an important factor. Out of 
the total of 97 cull cases, 66 are connected with suppression. Consider- 
ing that our average volumes over ages were curved from figures 
which were rather low and that the intermediate white firs in a virgin 
uneven-aged mixed stand are rather to be considered as recovering 
suppressed trees than as dominants decreasing in rate of height growth 
the intermediate class may consistently be added to the suppressed, 
giving 73 in all, or about 75 per cent. Suppression is commonly con- 
nected with a more or less high decay rating, provided the tree is 
wounded seriously. Again, low-volume trees with marked decay are 
more liable to be a total loss on account of their form. A rot volume 
percentage of 50, for instance, leaves still a good deal of merchantable 
stuff in a tree with high volume, but it would make a small tree com- 
pletely unmerchantable. In the comparatively few cases where 
dominant trees show decay, the wounding is either of very momentous 
character or the decay is more or less insignificant and localized near 
the scars. This is true at least for the younger trees. 

In glancing over the decay column we see that the higher ratings, 
xx and xxx, begin rather suddenly to become more frequent after the 
trees have reached the age of about 123 to 126 years; after the age of 
about 129 or 130 years they become very common. While decay 
in the broadest sense of the word may show in trees 60 years old and 
perhaps younger, the critical age of white fir with regard to more 
serious decay appears to lie at about 130 years, at least for the region 
investigated, taking into account that we have to deal here with a 
practically virgin stand grown up under the cumulative risk from 
suppression, frost, lightning, and the other factors of influence. 
Decay of any consequence appears at this age in trees with a combina- 
tion of wounding and suppression. In the few apparent exceptions 
the decay is localized near unusually large wounds. 
We find, further, that up to about 150 (148) years in badly wounded 

but dominant thrifty trees the decay is either not very far advanced 
in degree, if in extent, or that the wounding is of quite extraordinarily 
severe character. 

Tree No. 49, age 132, seems to form an exception, but we will see 
later that frost cracks, though not offering a large opening by virtue 
of their length, are instrumental in the longitudinal advance of the 
decay. It seems that after about 150 years thriftiness as expressed 
by dominance is less able to outbalance the influence of serious 
wounding, 

If it is at all permissible to draw any inference from the compara- 
tively small amount of material at hand, we may distinguish three 
critical stages in the life history of wounded white-fir trees, and we 
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must remember that by far the greater number of our trees, especially 
after they have reached the age of about 80 to 90 years, are wounded. 

The first is the ‘age of infection,” which may be at 60 years or 
below. Here the infection rarely leads to more than negligible decay 
unless the tree is handicapped by quite unusually severe conditions, 
such as very large old wounds. 

The second, at about 130 years, which we may term the “critical 
age,’ marks the point after which a combination of pronounced sup- 
pression and heavy wounding generally results in distinct decay. 
This combination of deleterious factors is one commonly found in 
virgin forests. Wounding alone is not sufficient to unfavorably 
counteract thriftiness of growth. 

Another change comes about at 150 years, when even dominant 
(that is, thrifty) trees become subject to extensive and intensive 
decay. We might term this the “age of decline,” because the inability 
of the individual to throw off or keep in check the growth of the wound 
parasite in its heartwood indicates a distinct decrease in resistive 
powers, whatever their specific action may be, induced by age. For 
thrifty but wounded white fir, such as we may expect to raise under 
management, the age of decline is, therefore, the factor which will 
influence the rotation and cutting cycles of the species, since for many 
years to come the risk of inoculation will be more or less the same. 
There will be fires as long as there are lightning storms. Wounding 
through lightning and frost are inevitable. Besides, many trees are 
already wounded. 

It is of interest to note that of a total of 160 trees only about 25 per 
cent did not show any wounds except very slight lightning scars. All 
the rest were wounded from some cause or other. Often a combina- 
tion of fire, lightning, and frost cracks results in scarring a tree to such 
an extent that almost in every foot some blemish will be found. This 
is particularly true of the older trees which have been exposed to the 
cumulative risk of many years. Any of these wounds, if large enough, 
may offer an entrance to fungi. After the trees have reached the age 
of about 80 to 90 years, more than 70 per cent of them are already 
more: or less badly wounded and therefore exposed to moculation. 
After they are about 106 years of age more than 80 per cent are 
wounded. 

In the remote future, when all these wounded trees are removed 

and when the risk of wounding for the trees growing up meantime is 
minimized, a new age of decline may be established. What this age 
of decline might be for unwounded white fir in managed forests we 
can not tell from our material, because of 97 cases of decay only 6 
were not to be traced to some wounding. It is obviously out of the 
question to take even a clue from data of so scanty a nature. It 
may simply be mentioned that the first case of this kind appears at 
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an age of 134 years in a suppressed tree. After all, it may be more 
than a coincidence that the first case of such infection in a sup- 
pressed tree occurs near the critical age for suppressed white firs in 
this region. It is within reason to assume that thrifty, uninjured 
white firs run only the evidently not very great risk of becoming 
infected through branch stubs. But decay entermg through knots 
is always caused by fungi of a very aggressive character, such as 
Echinodontium tinctorvum, which is not always the case with wounds. 
As a possible cause of infection we may also mention dead and broken- 
off leaders or volunteers, the stubs of which are only slowly overgrown. 

It would appear that, if infections of unwounded trees are really 
so rare, white fir will take care of itself on the managed areas of the 
future. This would probably be the case in an ideal, 100 per cent 
normal forest. But this is utopian. There will always be a certain 
risk of wounding. Even after the already wounded individuals are 
eliminated, which will consume a number of decades, it is unreason- 
able to expect that our forests should then be so much closer to the 
normal than the best kept European forests are at the present day. 
How severe the loss from Trametes pint is in the Prussian forests has 
already been shown. Whatever may be the final verdict as to the 
age of decline of unwounded thrifty trees in managed forests, it can 
not be of more than purely theoretical interest to us and the next 
following generations. We must cope with present-day conditions 
as we find them, not as we would wish to have them. 

The immense importance of fire in connection with decay appears 
so plainly from Table IT that it is hardly necessary to emphasize the 
fact. The field notes show that in 59 trees wounded by fire, in only 
11 was no decay traced to the fire wound. Fire, then, is one of the 
most important factors in connection with decay; all the more so, 
as fire generally attacks the butt part of the tree, and decay starting 
from fire wounds therefore destroys a much greater part of valuable 
timber than decay in the upper part of the bole. 

Lightning generally results in comparatively light advance rot. 
From Table II it appears that the only tree in which serious decay 
could be traced to lightning, and in which it was neither connected 
with suppression nor with a serious wound from another source, is 
No. 59, 232 years old. To judge from our data, lightning is rarely 
connected with typical decay, although it often renders large parts 
of the tree partly unmerchantable. 

The cumulative risk of wounding is shown in Table IT (column 7) 
by the fact that the cases rated with three crosses become far more 
frequent after the trees have reached the age of about 90 to 100 years. 
After they have reached about that age such cases are commonly 
accompanied by decay. Serious decay follows serious wounding after 

98035°—Bull. 275—16——4 
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about the age of 130 years (critical age) when combined with pro- 
nounced suppression, and without this it follows after the age of 
about 150 years is reached. The risk of wounding increases naturally 
with the age of the tree. 
A number of wounded and badly suppressed trees escape infection, 

although they are far beyond the critical age. Not every wound must 
necessarily be imoculated. All such cases found are compiled in 
Table III. 

Taste III.—Data on suppressed and wounded but not infected white-fir trees. 

Suppres-| wound | Character of Suppres- | Wound | Character of 
AEE: wating rating. wound. Age. Anita rating. wound. 

STM eae Sees aXSKEXS x | Fire. AOE eee xx x | Lightning. 
AN OM La. XXX 5 Do. MG TES Se ee b.6.0.4 x Do. 
SCE eg re XXX ox Do. TGP AR es ie es 5.0.0.4 iE Do. 
OTE ARE REG EM, XXX x | Lightning. ee ee XXX xXx Do. 
TIS SU Ae eh aniyheh XXX 5:0: Do. ISO) Gea ears XXX 3S Do. 

In all cases but one in Table III the degree of suppression is very 
high; in this case the wound rating is low. The dangerous fire 
wounds in this table are confined to the youngest ages, 87 to 111 
years; they were comparatively small in each case. The rest of the 
wounds are all due to lightning, which, as will be remembered, does 
not open up the interior of the tree unless very large parts of the 
bark are killed. For moculation and infection, the character of the 
wound is all important. Suppression has nothing to do with imocu- 
lation; only after infection has taken place does its influence make 
itself felt. 

The characteristics of each of the three ages, of course, hold good 
through the following ages. The combination of wounding with 
suppression, as shown in the critical age, for instance, must continue 
to favor decay in the age of decline. 

Relative thriftiness (apparent condition of the tree) seems to have 

the least influence on the decay factor. It is really nothing but a 
statement of the present temporary appearance of the individual 
tree, which may be entirely different from what it was a few years 
ago or what it will be in the near future. 

That far-reaching decay must not necessarily be reflected in the 
appearance and increment of the tree is shown, for instance, by trees 
Nos. 25 (age 150), 157 (age 150), 85 (age 152), 83 (age 156), and 

others in Table II. In all the trees mentioned, Echinodontwum 
tunctorvum had established itself and was vigorously growing. ‘Tree 
No. 85 (age 152) even had two sporophores, and more than half the 
volume of the tree was decayed, indicating that the fungus must have 
lived in the tree for many years. The tree was apparently very 
thrifty; its volume, 192.5 cubic feet, as against 101, the average for its 
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age (152 years). The increment was good. We can not, therefore, 
make Echinodontium tinctorium responsible for the decrease in 
thriftiness of infected white fir. 

In order to further fix the relation between the character of the 
opening through which the fungus gains entrance into the wood and 
the character and extent of the decay, all cull cases were tabulated 
separately (Table IV). 

Taste IV.—Cull cases of white fir, showing the extent of typical rot and its relation to 
the wound through which the infection took place. 

Wounds. Typical rot. 

No. | Age.| Infection traced to— m-_ | Confined | xtend- Remarks. 
Permall to neigh- | : h 

Open. tna” | borhood | 28 muc (healed beyond 
over). sronmide wounds. 

1 2 3 4 5 6 7 8 

136 x 2S = Negligible. 
143 x x — 
125 = x = 
144 x x — Negligible. 
124 — x — Advance rot. 
88 x x aes 
122 == x Bir 
76a _ — (x) 
76b _ — _ Advance rot. 
120 = x = 
132 x —_ (x) Remained open 22 years. 
72a x x — 
72b x x — 
158 x a — Almost completely girdled 82 

years ago; open 31 years. 
2D RUST To x _ x — 
i) UI | boo GRE Ee oe eee x = x == 
121} 106 | Lightning...... Pees x x os — Negligible. 
68 | 107 | Woundiromfallingtree.| x = x = 
80 | 107} Lightming.............. _—. x ae “= 
44) 107 } Frosticrack...-......... x — x == 

Mpa ttieetire ==. 2.200525 esl. x — x — 
voi) Oh sO) es ah eee ae eee x — x — 

SOA 241 je... ifieen TEs See ee x _ x — 
94} 112} Twin and frost crack...) — x x — 
99} 112] Lightming.............. _ x x — 
37>) 112.) Frost crack............. See i < (?) _ Frost. 
QGridio Nee 35 sie os 2 ke 3 —_ x — 
Gi 410: |5.--- CE ee ee x — x _— 

109 | 116]..-.-.. rhe eS See ae = - oe) oh x _ x _— 
Ag 9 AdO WyBIT0 (7) ieJeu2-3-----25-- — x x — 
7Ab | 119} Lightning.............. x _ x _ 

58} 123 | Frostcrack..:.......... _ x — x Frost. 
69} 123 | Lightning.............. _— x x _ 
BE eet Ak O noe ons ean ee nes cks = x — x _ 
38 | 124 ]....- Algasest fs... - oe - —_ x x — 
56] 124] Frostcrack............. x — _ _ Advance rot. 

113 124} Fire withlightning..... x — x — 
41 125 CEA Se re x = x _ 
60 | 126) Frostcrack............. -— x — x Frost. 
79 | 129) Fire with frost crack... x — .- x Do. 
54 ightning- . _— x x _ 
63 me _ e — 
65 — x _ x Frost. 
49 — x ~- x Do. 
42 x _ x _ 
53 “+ (7) x ~- 
28 _ _ -- x Knots. 
55 y Vass < — * Frost. 
26} 186) Frostcrack............. x _ — x 0. 
ABil ST Ee os wa saa edu cvaeese _- — -- x Knots(?). 
50 | 137 | Lightning and knots....| — x -- x Much advance rot. 
Deel MNS EBs os sesden acces (?) (7) — x Sporophore. 

70 | 140} Lightning.............. — x x -- 
19’ 140 '0.... Stnetan deedade dean x _ x _ 
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TaBLe 1V.—Cull cases cf white fir, showing the extent of typical rot and its relation to 
the wound through which the infection took place—Continued. 

Wounds. Typical rot. 

No. | Age.| Infection traced to— In- penaned Extend- Remarks. 
ternal | ° Beigb- | ing much Open. borhood (healed of beyond 
over) Ronde: wounds. 

1 2 3 4 5 6 7 8 

15 Seer 4 On| Hire eee rer nt marae x — — x Condition very poor; sup- 
pression xxx. 

43 | 140 ]..... CORRS Late id eNO x = xe — 
156} 141}... (0 Lo pear tsrses cere x: — x —_— 
61a | 143] Frostcrack.......----.- — as — ax Frost. 
61b | 143 | Falling tree............. — Ks x — Advance rot. 

AD | 146) | Bares. 2 220522 ees (?) (?) (?) (?) Notes incomplete. 
106 | 146} Lightning and frost..... x = x = Advance rot. 
9/0148) | Prost cracks.) 22 ee ai: — x — x Frost. 
92149) | SBATe YU ows PRA e sey x — x — 
25) lOO) | WETOSE CAC Ks. 2 spears x — — x Frost. 

HAS yl 5 Oy ATO 2 eee ge eee is — _ x Butt open from fire 73 years 
ago; Suppression xxx. 

fi | eelO ON aes GOu ese eee cree seme x -- x — 
i aE easy bab Qe) a iy a es — x x — 

85e| 152 | Frosterack..-.-.-----.-- — X — x Frost. 
9 GY) beh Que Eee Cee es — x x: = 

HS dG ys a se ase sooo sesuesos x — — xe 
SHEN UG Ne od GO Rae eke xe = 5 — 

a7) | 155))|| ightming= 2455222 2222 —- x x = 
Soi 106) srosterack-e esha see -- x: — aX Frost. 
91 156 TO SEE Eh Le NEN ea x —_— x = 
|) 0) |besse GO eee Weeks es x — — x 
935) 160) |222 32 Gosbeeye ey io kee: x — — x Suppression xxx. 

160) 161) Brosterack.-- 2222) se. x — — ae Frost. 
SLAG 33] WRT. see EEL ee ee x — — x Condition very poor; sup- 

pression x. 
SARE OAT WKN OLS Eee Ht ane ee ak — — -- x Knots. 

BU] PEL GS i eRe ey epee Bt Ul ee x — — x 
SLA GS ees Gok eee Goes = x — x 
DAD AGG |) Ce) aoe Soe Sa) Rien skeen (?) (?) (?) (?) Notes incomplete. 
82569). KMOGee ses aas Se see eee — — — x Knot. 

Si] 170) | Sire pee eee Ee Slee (?) (?) — x 
Die |ol On| seroOsterack.s eee. see- — !| x — x Frost. 
Ohi IO Waka hoe s=esdones s56ecooe — — — x Knot. 

G4an a7) | MnO eet soe seekers oes ax _ _ x Suppression xxx. 
64b | 175 | Lightning....-.....-.-- _— oie x = 
O2aEwSu|ees ae OE. EARN Re Eee = Ke x — Advance rot. 
77 USO} | MIRO SoS See ND aera xe — BX — 
(AG el S3 yl Mnghininge pases eel: — Ee x — i 
OD alia So) | (MEIC). /S isse ept se eas Bx — — Be Suppression xx. 
SHO Ni: Tb ee Gols BVBRgEE He x —~ — x Dominance xxx; fire 110 

years ago; deep burn. 
86 | 192 | Frostcrack.....-....--- — x — XK Frost. 
14) 7200 \29.-2 ORs SiGe a Aechmea — x x = 

WADA ZOO UME Obey SE athe Y xe —_ -- Xs Condition very poor; sup- 
pression Xxx. 

(dae 2200 | eR rosterackeeas: -. ooo os. — x — x Frost. 
Coby me22Ua Phighining sss. ee ees us — x — 

GQ), |), 3287) |b oon. (6 La A oe eres SE os — x BX 
141 | 258 | Fire with frost crack.... X — x — Advance rot. 

Table IV is designed to show whether and in which cases typical 
rot extends much beyond the wounds forming the entrance for the 
fungus. Column 7 is the one to be followed (‘‘Typical rot, extending 
much beyond wounds’). The affirmative is expressed by a cross, x, 
the negative bya dash, —. Cases which are on the line between the 
two are marked by a cross in parentheses; they are negligible for 
our purposes. The first tree to be considered, No. 58, is 123 years 
old and has a frost crack. From this age, or rather after 126 to 130 
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years, these cases become more and more frequent. In most cases, 
to judge from this table, frost cracks are a strong factor for extending 
typical decay much beyond the point of entrance of the fungus. By 
splitting the bole for a considerable length they allow air to enter the 
wood, which evidently stimulates the growth of the fungus. 

In noting the cases of decay traced to the wounds or openings 
through which the fungus found its entrance, it is seen that two and 
even more cases of decay (cull cases) may be found on the same tree, 

but each case is counted separately. Where decay is traced to a com- 
bination of two factors, each factor is shown separately. The means 
of entrance of the fungus causing decay are thus shown to be as fol- 
lows: Fire, 48; frost, 25; lightning, 23; other causes (including knots, 
girdling, etc.), 13; total, 109. 

These 109 wounds (mcludimg knots, etc.) led to 97 cull cases. Out 
of 109, only 13 were other than wounds from fire, frost, and lightning, 
and 11 of the 109 cases of decay were the effect of a combination of 
two of the causesnamed. Fire has by far the greater share; frost and 
lightning are ‘second, but the preponderance of fire and frost over 
lightning is greater than would appear, since they are far more serious 
with respect to causing decay. If ratmgs are given, more or less 
arbitrarily, but yet in keeping with our field observations, to the var- 
ious causes of wounds in the order of their importance with relation 
to damaging decay in white fir, taking injury from lightning (the 
least consequential) as the unit, we have: Fire, 3; frost, 4; lightning, 
1; other causes (mcluding knots, girdling, etc.), 3. Then, multiply- 
ing the figures for means of entrance by these relative ratings we have: 
Fire, 144; frost, 100; lightning, 23; other causes, 39. These figures 
express the following facts: (1) Fire injury is not only numerically the 
strongest, but also commonly leads to considerable cull; (2) frost dam- 
age is less frequent (above all, less ubiquitous) than fire damage, 
because it appears only in typical frost belts or frost holes, but it car- 
ries decay over a much greater length of the bole; (3) lightning injury 
is fairly common, is also restricted to certain belts, and leads more 
often to superficial rot; (4) other factors are of importance as causes 
of damaging decay, but they are comparatively rare. 

CONCLUSIONS AND OUTLOOK. 

The interpretation of the results of this study of the white fir from 
a practical point of view can not leave out of consideration the fact 
that the basis for all computations and tables is a comparatively small 
one and that the actual figures and many of the principles derived 
therefrom have more the value of strong, indications for local appli- 
cation than the force of general laws. Still quite a number of the con- 
siderations will be directly applicable, at least in all similar types, 
some throughout the range of white fir. The writer would emphasize 
again that the aim of the present study is not to lay down laws, but 
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to show by means of one example the problems before us and the 
various steps leading up to a working method for the future estab- 
lishment of laws which may—or may not—confirm the conclusions 
from this study, and to strongly advocate similar studies on a larger 
scale. With this point plainly m view, but assuming that our con- 
clusions are a step in the right direction, we may discuss their bear- 
ing on the silvicultural problems that are before us. 

DECAY IN RELATION TO WOUNDS. 

In most cases, decay in white fir is caused by Echinodontium tinc- 
toruum. ‘The mycelium never enters through the intact bark. Fire 
wounds offer the most common way of entrance; hence, in the major- 
ity of cases, decay starts in the butt; frost is less common than fire, 
but favors the vertical spreading of typical decay. Localized and 
superficial advance rot, frequently leaving enough merchantable 
timber in the log to make it worth while handling except when 
occurring in the upper part of the bole, is often connected with light- 
ning. Other means of entrance, such as knots, wounds from falling 
trees, and girdling by rodents are comparatively rare. 

These factors group themselves naturally into such as are uncon- 
trollable and such as may be controlled directly or indirectly. The en- 
trance of decay through knots, wounds from trees and limbs thrown 
in heavy storms, or from excessive snowfall lies beyond our control. 
Injury from mammals as a starting pomt of decay is very rare and 
will become even more so with the decrease of the forest fauna. 

The other factors are more or less open to influence. Fire is dis- 
tinctly a directly controllable factor. Lightning and frost are, of 
course, not directly controllable. Itisafact, however, that both do 
not occur to any damaging extent except in more or less well-defined 
belts, and generally more heavily in foci inside of these belts. The 
natural inference would be not to favor white fir in such belts when 
possible. As a first step in this direction the establishment and map- 
ping of frost belts, frost holes, lightning zones, and lightning foci 
would be of particular value, which should not be confined to white 
fir alone. Other forest trees are also more or less subject to injury 
from both factors. The value of such maps should also make itself 
felt in forest-fire control, for the proper distribution of protective 
forces and improvements. 

FOREST REGULATION. 

CARE OF VIRGIN FORESTS. 

It has been heretofore pointed out that practically the only means 
of silviculturally influencing the national forests on a larger scale at 
the disposal of the administration at the present time lies in the han- 
dling of timber-sales areas. On all the vast forests outside of these 
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comparatively restricted areas the same beneficial and injurious con- 
ditions must continue to prevail, which on one hand govern the annual 
increment and on the other make for annual total loss. Only one. 
single component of the total-loss factor, though a most important 
one, may be controlled to a certain degree directly. Forest fires are 
in ever-increasing ratio eliminated from the national forests and, 
therewith, also the danger of trees being fire scarred and opened to 
the attacks of heartwood-destroying fungi. But the best of fire pro- 
tection can not restore to their original state of intactness the over- 
whelmingly large number of older trees which have been opened by 
previous fires. The open fire wounds continue to offer an easy 
entrance to fungi. It is true that fire protection prevents small 
wounds from becoming larger and keeps healing wounds from being 
opened again by repeated fires. The sooner such fire-wounded trees, 
as well as all other undesirable individuals, including all badly 
injured, diseased, and misshapen ones, can be eliminated from the 
forest, the better. There is little hope, however, for this to be done 
outside of timber sales. Adequate fire protection, both of water- 
sheds and of commercial timber, must of necessity be paramount to 
silvicultural work of this kind. 

Practically virgin forests may also be influenced by sowing and 
planting. This is done on so small a scale, compared to the total of 
existing forests, that we can hardly speak of any real silvicultural 
change. Knowing, however, that white fir can not be expected to 
yield full returns in belts subject to lightning and severe frosts, the 
forester should avoid favoring white fir in such localities. 

FOREST REGULATION THROUGH TIMBER SALES. 

Cutting timber does not in itself constitute sound silviculture. It 
may lead to regulation, or it may spell ruin to the forest. 

The administration of the national forests is not able to have 
timber cut by selling it where cutting is most needed. Accessibility, 
local demand, and last, not least, the quality and condition of the 

timber are stronger factors in finally locating a timber-sales area 
than silvicultural needs. A strong admixture of inferior species in 
itself is often sufficient to let an otherwise attractive sale fall through. 
Here, the prejudice of the purchaser against such species as white fir 
and incense cedar is responsible for forcing the Forest Service to leave 
an area badly in need of improvement in its virgin state, with all the 
cumulative risk to which it is exposed. The prejudice against white 
fir is widely established and not always confined to the lumberman. 

From a silvical point of view the prejudice is directed against its 
very aggressiveness, which tends to give the species an ascendency 
over the more valuable but less tolerant pines. But the disfavor in 
which it is held by the forester is really nothing but a reflection of 
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the strong objection made by the purchasing lumberman to accepting 
white fir in Government timber sales, and this is based mainly upon 
the unsoundness of the timber. At the same time, there is a fair local 
demand for sound white fir for a number of uses. There is no valid 
objection to clear and sound white fir. In fact, many a purchaser 
would rather pay higher stumpage for white fir if he were allowed to 
take only sound young stuff, which is in demand for dimension stuff . 
(2 by 4, 4 by 4, etc.), for frame stuff, timbers, and stickers, and for 
butter boxes, etc. Purchasers complain that much of the material, 
though seemingly sound, ‘‘has no life” after going through the mill; 
it becomes brittle and falls to pieces when dry. Sound white fir 
neither becomes brittle nor does it fall to pieces. It is the unsound 
material (advance rot) only which is objectionable. The remedy is 
easily seen; it consists in liberal and judicious scaling, which would 
rather give the purchaser the benefit of the doubt. The scaler will 
find valuable aid in the occurrence of decayed knots on the boles of 
trees affected with strmgy brown-rot. To the casual observer they 
may appear normal; when they are knocked off with a hatchet or 
similar instrument the decayed rusty interior is exposed. These “rusty 
knots” afford, in the vast majority of cases, a valuable indication 
of more or less far-gone Echinodontium rot in the heartwood of white 
fir. Occasionally, the rusty color is missing, but the center of the 
knot is unmistakably decayed. The verdict as to the rottenness of 
the heartwood will be the same. The knots are often very small. 
When sound, they are very brittle and glassy in appearance. To 
give a practical example: 

No. 82 on the Otter & Burns tract, a very fine tree with a long Adar 
bole, 29.4 inches diameter breast rent and 154 feet high, had been 
given a full scale. The bole had been bucked into 16-foot logs. To 
the scaler there were no indications of decay. After examining the 
tree the writer threw out log 5. The only indication for spotting 
Echinodontium decay in this log was the presence of the rusty knot. 
The log was opened and found to be unmerchantable from 0.5 to 
5.6 feet from the lower end, leaving as merchantable 0.5 foot on one 
end (diameter 19.5 inches) and about 10 feet on the other end (upper 

diameter 16.3 inches). Had the defect been known to the bucking 

crew a more advantageous dividing up of the bole in log lengths to 
the exclusion of the decay would have meant a saving to the operator. 
Among others, Bryant has pointed out the necessity of more judi- 

cious bucking and of closer utilization. 

1 Bryant, R.C. Waste in cutting timber. In Amer. Forest., v.19, no. 11, pp. 790-799, 7 figs., 1913. 
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MARKING. 

The entire silvicultural results obtainable by way of timber sales 
are directly dependent upon proper marking, the importance of 
which can not be overemphasized. Marking is by far the most 
portentous of all silvicultural activities and requires a very specific 
trainme, of which a complete knowledge of all components of the 
total-loss factor must be a prominent part. 

Marking in the selection forest has a threefold object—to select 
trees to be cut and utilized at once, to leave others as a basis for 
future cuttings, and to establish desirable reproduction. Here the 
iterests of the Government as timber owner and timber producer 
frequently conflict with those of the purchaser. The purchaser can 
not be expected to take a strong interest in the future of the area he 
is to cut over. He quite naturally wants as much sound merchant- 
able timber from a given stand as possible. The larger the amount 
of timber he can cut from an area the smaller the overhead charges 
will be per thousand feet, board measure. In offering white fir for 
sale it is, therefore, important to be able to estimate more or less 
correctly the amount of sound timber on a given tract. If our 
figures prove correct, the loss factor in white-fir trees will be com- 
paratively small up to an age of about 130 years; after trees with a 
combination of wounding and suppression have reached the age of 
130 years they are lable to contain decay; after they have reached 
the age of 150 years wounding alone, even in dominant trees, is 

liable to lead to damaging decay. That trees with sporophores are 
decayed, at least partly, is self-evident. The actual cull per cent 
from decay is at present only guessed at. It is the constant aim of 
forest pathology to reduce this guesswork to actual and concrete 
figures. It is intended to repeat similar studies throughout the 
range of white fir and later also on other species in the order of 
their importance and, finally to establish broad zones of equal path- 
ological conditions, in which the rot percentage may be given in 
definite figures. 

Marking can only be done correctly if the outcome of the marking 
with regard to the trees left standing is constantly kept in mind. In 
our specific case, for instance, white fir on typical lightning and frost 
belts should be marked very heavily. We know that here the loss 
from decay, particularly following frost cracks, is heavy and will grow 
through cumulative risk. White firs with serious wounds, especially 
with partly open fire wounds, must be marked heavily to as low a 
diameter as practicable. 

On the other hand, thrifty unwounded trees, where desirable, may 
be left without much risk up to the age of about 150 years, and prob- 
ably much longer. 
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The effect of logging on the pathological condition of white firs that 
are left on the area may be twofold. The opening of the crown cover 
through cutting will prove beneficial to all suppressed and interme- 
diate white firs. The ready response of the species to light is well 
known. It is probable that such trees, if already infected, will not 
allow the decay to proceed very much farther, i. e., the newly formed 
upper logs may be sound. These trees move up into the dominant 
class. The mycelium in the heartwood, however, if well established, 
will not die out, and after a while sporophores appear which carry the 
disease to hitherto sound trees. As there can not be any infection 
except through spores coming from sporophores on diseased trees, it is 
evident that it is poor silviculture to leave individuals infected with 
any parasite of economic importance on cut-over areas. Such trees 
on timber-sale areas should be marked and cut under all circum- 
stances if we expect to save and utilize the sound timber they may 
contain and to protect other trees from decay. Sanitation of the 
forest must be the first and fundamental step in forest regulation. The 
introduction of the so-called sanitation clause in the timber-sale con- 
tracts of the Forest Service aims at this very point. 

It is evident that blind enforcement of the sanitation clause, 
following the letter and not the spirit of the principle expressed, is just 
as pernicious as laxity in its application. Not all parasites are of 
equal importance; our efforts should first be concentrated on the most 
dangerous ones. The time will come when forest sanitation will 
include all controllable elements making for loss in timber volume and 
timber values. 

On the other hand, if only thrifty trees are left standing after log- 
ging operations, they are, by the very opening of the ‘forest screen,” 
more exposed to flying spores from surrounding untreated tracts, but 
unless wounded they are in no great danger of infection. The smaller 
the tract, the more will this influence make itself felt. The improved 
conditions under which they grow will help them to either overcome 
or limit the extent of decay in case they do become infected. As long 
as we do not possess any exact figures on the recovery of white fir on 
cut-over areas, however, it is advisable to consider wounded white-fir 
trees left standing as unaffected by the opening up of the stand, at 
least during the transition period, that is, in first fellimgs. All these 
trees have grown up under unfavorable conditions, and the chances 
that they are lastingly injured are considerable. By the time second 
logging operations cover the area, it is to be assumed that a more pro- 
found knowledge of the life history of white fir will be at hand. 

The choice of white-fir trees to be left on the area, with the expecta- 
tion that they will be sound and merchantable at the next felling, 
depends altogether on their condition and the length of time probably 
elapsing until that felling takes place. Assuming that our figures 
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are correct and that the next cutting may occur, for example, in 30 
years, we may with comparatively small risk leave thrifty unwounded 
trees of any age on the area; wounded but thrifty trees of more than 
120 years are to be cut, wherever practicable, because in 30 years 
they will be over 150 years old, at which age trees of this class are 
more liable to deteriorate. Wounded trees which at the same time 
are suppressed should be eliminated. It is bad silviculture to leave 
individuals in the forest which not only do not produce the maximum 
of timber but which im all probability will prove a total loss and which 
oecupy the place that should be fully stocked with trees promising 
a full and sound crop. Im case of an emergency, such as occurs 
under very unfavorable market conditions or where the protection 
of young stuff is the most important feature, wounded and sup- 
pressed white firs left standing should not be older than 100 years, 
since in 30 years they will have reached their critical age—that is, 
130 years. After they have reached this age it appears that dam- 
aging decay becomes prevalent in trees of this description. Very 
severely injured trees have, of course, no place in the managed 
forest. The same is true for unusually suppressed or unhealthy 
trees, unless it may be expected with reasonable certainty that the 
opening of the crown cover will benefit them materially. Trees with 
open fire scars and with open frost cracks should be cut in preference 
to those with lightning scars or those having wounds from falling 
neighbors. In short, all wounds reaching far into the wood are to 
be given a higher rating with respect to decay than superficial wounds 
unless the latter are unusually large. 

PATHOLOGICAL ROTATION AND CUTTING CYCLES. 

Since we may expect that cutting during the period of transition 
will practically eliminate all those trees which by their combination 
of suppression and wounding become subject to early decay (critical 
age), the age of decline forms the basis for what might be termed the 
“pathological rotation,” for want of a better expression. It does 
not indicate that a given species should most advantageously be cut 
in regular intervals expressed by the pathological-rotation age, but 
that it should not be cut at a higher age. It is really a factor limiting 
the rotation and therefore also the cutting cycle. 

Rotation based on maximum volume alone can not be more than 
a makeshift during the transition period; logically it should be nar- 
rowed down to maximum-volume production of sound timber. Such 
species as Sequoia gigantea and Sequoia sempervirens are so resistant 
to decay that their pathology will not influence their rotation at all. 
In some of our valuable pines the pathological rotation will probably 
be very high, either coinciding with or reaching beyond the age of 
maximum-volume production. In white fir, incense cedar, and a 
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number of other so-called inferior species, the pathological-rotation. 
age is presumably lower than the age of maximum-volume pro- 
duction. We must look to forest mensuration for final data to settle 
this point. 

Barrington Moore ! advocates a rotation based on the “period dur- 
ing which the rate of volume production is greatest or shortly after 
it, provided it is long enough to give the most valuable product.” 
Here, again, the pathological rotation will be the limiting factor, 
except for species in which the rate of greatest volume production 
possibly occurs at a lower age than the pathological rotation. That 
the value of lumber grades is bound to play. a far more important 
role in the future than at present, with regard to rotation, is a fore- 
gone conclusion. 

So far, we have considered only the rotation per species. In pure 
or almost pure stands the rotation of the unit is determined by the 
rotation of the species clearly dominating, not only numerically, but 
also in value. 

As soon as two or more equally valuable commercial species appear 
together in about the same proportion, the rotation of the stand 
becomes ‘‘synthetic;”’ that is, the rotation for the unit is governed 
by the individual rotations per species. In the great majority of 
cases neither the representation of the species nor their individual 
values are the same. Nearly always there will be certain species 
more desirable than others, which latter then are classed as more or 

less inferior. A weak representation of inferior species with low 
pathological rotation will be without much effect upon the synthetic 
rotation of the unit. The stronger the representation of inferior 
species, the heavier will be their bearing on the synthetic rotation. 
‘On many of the large private holdings of the West the inferior 

species are disregarded altogether; they are simply left standing in 
logging operations. Unless the logged-over area is burned, the 
representation of inferior species is then an unduly heavy one. They 
must necessarily dominate the stand in the future. 

The national forests, on the other hand, will be the regulated for- 
ests of the future. In many of the national forests, particularly in 
the West, several species of unequal value are represented on the 
same unit in such a manner as to make each one a strong factor to be 
considered. Here, regulation of yield must be based upon synthetic 
rotation and synthetic cutting cycles. Rotation and cutting cycles 
for each species must be determined separately, each on the chosen 
basis of either maximum-volume production, or rate of maximum- 
volume production, or production of maximum value, limited in 

1Moore, Barrington. Chapman’s method of studying yield, p. 94, 1913. To accompany forest plan, 

Plumas National Forest, district 5. Appendix (continued), Silviculture. (Unpublished. Furnished by 

courtesy of the U.S. Forest Service.) 

2See also Zon, Raphael, Balsam fir, U.S. Dept. Agr., Bul. 55, 68 pp., 2 pls., 8 figs., 1914. (Seep. 67.) 
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every case by the age of decline. The synthetic rotation is figured 
on the basis of the specific rotations, under due consideration of rep- 
resentation and relative value of each species from a commercial and 
silvical point of view. The same is true for cutting cycles. It should 
not prove impossible to express both. representation and relative 
value for each species in symbols, which, together with the specific 
rotation, would permit the balancing of each species against the 
others, and thus to arrive at the synthetic rotation of the entire unit. 
In this way the inferior species will be given their proper place in for- 
est regulation. This procedure is undoubtedly followed more or less 
consciously wherever regulation is planned by way of timber sales. 
It can not be reduced to. a practical working system, however, until 
all factors upon which it is based are thoroughly known. 

The pathological rotation limits the rotation of white fir, on the 
basis of our present knowledge, to 150 years—at least during the 
transition period. Perhaps the actual fellmg age for the species will 
be shortened long before that time arrives. The chances of pro- 
viding for the next decades are distinctly better. On areas cut over 
to-day we may expect second operations in not too remote a future, 
taking the place of a second improvement fellmg. Provided our figures 
prove correct, the critical age and the age of decline will be a safe 
guide in tentatively fixing cutting cycles for white fir, which, together 
with the cutting cycles for the other species present, will permit the 
establishment of the synthetic cutting cycle for the unit. 

Our present knowledge of the pathology of white fir leads us to the 
following practical conclusions for the period of transition: 

Prejudice against white fir as an inferior species. 

Conservative scaling (excluding advance roi) in favor of the purchaser on the one 

hand and of better utilization of sound white fir (where market conditions 
permit) on the other will in time overcome the prejudice. 

Silvicultural treatment of white fir. 
Reproduction: Frost and lightning zones are to be avoided. 

Marking on timber sales: 
On frost and lightning zones marking should be heavy. 

Badly wounded trees, particularly those with open fire scars or frost cracks, 
should be marked heavily. 

Badly suppressed trees should be marked heavily. 
Trees with a combination of wounds and suppression can not be figured on 

to remain fairly sound beyond the critical age of about 130 years. The age 
of such trees, if left standing, added to the number of years to elapse before 

the presumable next cutting takes place, must not exceed 130 years. 

Trees wounded, though thrifty, can not be counted on to remain sound 
beyond the age of decline of about 150 years. The age of such trees, if left 

standing, added to the number of years to elapse before the presumable 
next cutting takes place, must not exceed 150 years, 

Rotation and cutting cycles. 
The rotation for white fir, as far as we can judge now, can not exceed 150 

/CATS. 

Outtine cycles for white fir must be limited by the age of decline. 
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OUTLOOK. 

The weak point in the example (white fir) discussed in this paper 
lies in the fact that the numerical basis of trees examined is insuffi- 
cient. Besides, what may be true for one set of conditions may 
prove wrong in another. Extensive additional studies on white fir 
in different regions of its range have been carried out during 1913. 

What has been done for white fir must be done for the other species 
as well. Investigations on incense cedar have yielded suggestive 
results; others are to follow. But not before all important species, 
from the lowest to the most valuable, have been studied carefully 
with regard to their pathology can we expect to definitely figure the 
total-loss factor for any unit. To-day we are standing at the very 
beginning. Each species has its specific fungi, either one (as in the 
case of incense cedar), or practically one (as in the case of white fir), 
or several (as in the case of Douglas fir, sugar pine, and yellow pine). 
The relative importance of each of these fungi, their relation to 
influencing factors, their prevalence throughout the range of their 
hosts, and, finally, the establishment of the critical age and age of 
decline from a pathological point of view, are still to be worked out. 
To this we must add the study of all the other components of the 
total-loss factor. 

The amount of work left to be done is enormous and will require 
many years. Concentration on the inferior species will yield results 
in a shorter time, enabling us to establish general rules to guide us in 
the transition period without causing too much damage to the 
interests of future generations. 
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