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[Black-face figures denote the number of the Department bulletin referred to; light-face figures show the 
page in the bulletin.) 

Aaron’s rod. See Mullein. 
Abattoirs, community, use in Denmark, recommendations, 37, 10. 
Adam/’s flannel. See Mullein. 
Agricultural development, Alaska, possible, 50, 1-31. 
Agricultural experiment stations, Alaska, location, work, notes, 50, 11. 
Air drainage, importance in peach orch arding i in West Virginia, 29, 3. 
Aiten. See Juniper. 
Alaska— 

agricultural development, possible, 59, 1-31. 
agricultural experiment stations, location, lines of work, etc., 50, 11. 
agricultural lands, loca ation and area, 590, 4, 5, 6-7, 10-11. 
cattle and sheep raising, discussion, 59, 25-27. 
coast, topography, effect of surrounding water on climate, etc., 50, 1-2. 
farming, feasibility, discussion, examples, 59, 11-22. 
homesteaders, difficulties, 59, 27-28. 
interior, topography, climat te, vegetation, 50, 5-9. 
interior, waterways, travel, seasons, 50, 7-8. 
Juneau, agricultural conditions, 59, 16. 
Kodiak, animal husbandry at experiment station, note, 50, 5. 
mountain systems, descriptions, effect on climate, etc., 50, 2-5. 
permanent snow fields, exteat, formation, etc. , 5), 3-4. 
reindeer indusiry, 50, 99-95, 
soils, nature, characteristics, 59, 9-10. 
southeastern, climate, topography, timber, etc., 50, 4-5. 
surveys of land, need, 59, 28. 
timber growth, ‘value, location, 59, 8. 
travel routes, 59, 1-2, 5-6.- 
vegetation, description, 59, 8-9. 

Alcohol, potato, manufacture, cost, demand, etc., Germany, 47, 11. 
ALLARD, H. A., bulletin on ‘The mosaic disease of tobacco,’’ 40, 1-33. 
Altavista series, soil type, Virginia, descriptions and crops suitable, 46, 17, 
American elder. See Elder. 
American linden. See Linden, American. 
American night shade, See Pokeweed. 
American wormseed. See Wormseed. 
Ammonium salts, by-product of gas plants, note, 37, 2. 
Ammonium sulphate— 

consumption, 1912, 37, 5. 
industry, development, suezeeiony, 37, 6-7. 
production, 1908-1912, 37, 5 
world’s production, 1912, by countries, 37, 6. 

Andes, Henry, statement on farming i iu) Alaska, 50, 16-17. 
Angelica tree. See Prickly ash. 
Aphides, carriers of tobacco mosaic disease, 49, 27-28. 
Appalachian Mountain and Plateau soil province, Virginia, descriptions of types, char- 

acteristics, and uses, 46, 8-10. 
Apple of Peru. See Jimson weed. 
Arizona, cotton breeding, work, 38, 3-4, 6. 
Amautka wheat, description, tests at Dickinson, N. Dak., $3, 16, 17, 18, 22, 23. 
ARNOLD, J. H. , bulletin on ‘“Crew work, costs, and returns in commercial orcharding 

in West Virginia,’’ 29, 1-24. 
Ash, prickly. See Prickly ash. 
Aspen, occurrence in Alaska, note, 59, 8. 

76572—15——1 
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Bad-man’s oatmeal. See Hemlock, poison. 
Baking tests, wheats, 15 varieties, 33, 23-24, 41. 
Banner oats, description, test at Dickinson, N. Dak., 33, 27, 29, 30, 31. 
Barley— 

commercial growing, importance of pure varieties, 39, 31-32. 
composition of different varieties, 39, 33. 
experiments in South Dakota a with wheat and oats), 39, 1-37. 
ground, feeding to dairy cows, 32, 6. 
South Dakota, production, acreage, yield, etc., experiments at different sta- 

tions, 39, if 28-36. 
sowing with clover, management, $2, 9. 
spring, growing at Nephi experiment farm, Utah, yields, 30, 30-31. 
winter, growing at Nephi experiment farm, Utah, yields, 30, 29-30. 
yields, tests of 16 varieties, Dickinson, N. Dak., 33, 31-36. 

Barleys, varietal tests, South Dakota, experiments at different stations, 39, 28-31. 
Barron, Joun H., and M. C. Burrirt, bulletin on ‘‘An example of successful farm 

management in southern New York, 82, 1-24. 
Basswood. See Linden, American. 
Bast tree. See Linden, ” American. 
Bearded fife wheat, description, tests at Dickinson, N. Dak., 33, 20, 23. 
Beattie, J. H., and others, bulletin on ‘‘The action of manganese in soils,”’ 42, 1-32. 
Beaver poison. See Hemlock, poison. 
Bee tree. See Linden, American. 
Beef broth, preparation, nutritive value, and cost, 27, 5-6. 
Beets, sugar, erowing on dairy farm, advantages, 32, 7. 
BENNETT, C. Morris, and Morton O. Cooper, bulletin on ‘‘The cost of raising a 

dairy cow,’ > 49, 1-23. 
Berries, medicinal, collection and shipment, suggestions, 26, 1-2. 
Birch, ‘Alaska, occurrence, 56, 8. 
Birkeland-Eyde process, manufacture of calcium nitrate, use in Norway, output, 

. etc., 37, 7. 
Bitter Root Valley, Mont., eradication of Rocky Mountain spotted-fever tick, use of 

sheep, experiments, 45, 1-11. 
Black mustard. See Mustard, black. 
Black raspberry. See Raspberry. 
Blackcap. See Raspberry. - 
Blanket-leaf. See Mullein. 
Blights, coniferous nursery stock, 44, 1-21. 
Blood, dried— 

nitrogen content, yield of different food animals, 37, 9-10. 
future supply, outlook, 37, 10-11. 
waste in country killing, 37, 10. 

Bluestem wheats— 
growing in South Dakota, experiments, yields at different stations, 39, 8, 9, 10, 

11,12, 18, 15-16, 17. 
tests at Dickinson, N. Dak., 33, 21, 22, 23. 
varieties, descriptions, etc., 39, 15-16. 

*Bolly” cotton— 
marketing, practices in Oklahoma, 36, 31-34. 
roduction, cause, value, mamagement, etc., 36, 31-34. 

Bouillon cubes— 
commercial, eompoaiten nutritive value and prices, 27, 1-2. 
contents and food value compared with meat extracts and home-made prepara- 

tions of meat, 27, 1-7. 
Bradley series soil type, Virginia, description and crops suitable, 46, 12. 
Bran, feeding to dairy cows, "32, 6. 
BRAND, CHaries J., and others, bulletin on ‘Studies of primary cotton market con- 

ditions in Oklahoma, 1 36, 1-36. 
Brassica nigra. See Mustard, ’plack. 
Brewer’s grains, feeding to dairy cows, 32, 6. 
Brigham, ©. I., cost of raising calves, records, 49, 3-22. 
““Brindle,’’ tobacco. See Mosaic disease. 
“Brown Egy ptian” cotton, source, description, production, 38, 2. 
Brown mustard. See Mustard, black. 
Budding peach trees, crew work, note, 29, 11. 
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Bulb garden, pe llingham, Wash.— 
establishment, 28, 1 
experiments in bulb growing, 28, 1-21. 
location, climate, soil, etc.., 38, 3-4. 

Bulb growing, experiments, United States bulb garden at Bellingham, 28, 1-21. 
Bullock’s lungwort. See Mullein. 
‘Bunch grass, mountain, seed production, relation of plant vigor, 84, 5-6. 
Bunk. See Hemlock, poison. 
Bunt, wheat, treatment of seed, 39, 43-48. 
Burritt, M. C., and Joun H. BARRON, bulletin on ‘‘An example of successful farm 

management in southern New York,’’ 32, 1-24. 
Byler, Jonathan, statement on farming in Alaska, 59, 20. 

Cacti, opuntia species, behavior under cultural conditions, 31, 1-24. 
Cadlock. See Mustard, black. 
Calcium cyanamide, manufacture, description, value as fertilizer, etc., 37, 8-9. 
Calcium nitrate, commercial, manutacture, analysis, consumption, 37, 7-8. 
Caliche— 

nitrogenous fertilizer, occurrence in Chile, 37, 2 
Tarapaca Province, Chile, analysis, 37, 2. 

“Calico” disease. See Mosaic disease. 
California— 

Chico, growing Mexican prickly pears, behavior of different kinds, 31, 10, 11. 
table grapes, storage, factors governing, 33, 1-31. 
table grapes. Sce also Grapes, California. 

Calves— 
cost of raising for two years, Wisconsin dairy farm, 49, 18-20. 
cost of raising, records of C. I. Brigham, Wisconsin dairy farm, 49, 1-23. 
feeding second year, cost, management, etc., 49, 9-13. 
first year, cost of raising, feed, Tabor, etc., 49, 4-9, 
raising, cost of equipment, housing, bedding, etc., 49, 13-18. 
slaughter, 1912, estimates, 37, 10, 11. 
young, feeding, management, and cost for first year, 49, 4-9. 
young, labor requirements for first year, cost, etc., 49, 8-9. 

Cancer jalap. See Pokeweed. 
Candlewick. See Mullein. 
Capsaicin, occurrence in paprika, relation to pungency, 43, 6-7. 
Capsicum annuum, source of paprika pepper, note, 43, 3, 4. 
Carpon, P. V. , bulletin on ‘‘Cereal investigations at the Nephi substation,’ 30, 1-50. 
Caribou, Alaska, species, note, 50, 22. 
Cashes. See Hemlock, poison. 
Cattle— 

raising, Alaska, discussion, 50, 25-27. 
slaughter, 1912, estimates, 37, 10, 11. 

oe series, soil types, Virginia, descriptions, crops suitable, etc., 46, 3-4. 
’ Cereals— 

experiments at Dickinson, N. Dak., 33, 1-44. 
growing in South Dakota, experiments, 39, 1-37. 
hybridization, work at Dickinson, N. Dak., 33, 41-42. 
investigations at the Nephi substation, 39, 1-50. 
investigations, plat experiments at Dickinson, N. Dak., 33, 10-38. 
nursery experiments, Dickinson, N. Dak. 1908-1913, 33, 36-42. 
pure-line selections, head-row tests and increase rows, Nephi experiment farm, 

Utah, 39, 33-36. 
size of seed, relative value, tests, 39, 36-43. 
varietal tests, plat experiments, 33, 12-38. 

CHAMPLIN, Maney, bulletin on “Experiments with wheat, oats, and barley In South 
Dakota, iH 39, 1-37. 

Chandler series, soil type, Virginia, description, note, 46, 10. 
Charlock. See Mustard, white. 
Chenopodium. See Wormseed. 
Chester series, soil types, Virginia, descriptions, crops suitable, etc., 46, 4-5. 
Chesterfield series, soil types, Virginia, descriptions and crops suitable, 46, 12. 
Chile niter. See Caliche. 
Chile saltpeter. See Caliche. 
Chile, sodium nitrate, production and exports, 1911, 37, 2. 
“‘Chlorosis.’’ See Mosaic disease. 
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CuuBBvuck,LEvt1, bulletin on “ Possible agricultural developmentin Alaska,’’ 50, 1-31. 
Cladonia rangiferi wma, Alaska, occurrence, description, value, and disadvantages, 50, 

, 24 

CrarK, s . ALLEN, bulletin on ‘‘Cereal experiments at Dickinson, North Dakota,” 
» 1-44. 

Clearing land, Alaska, method, 50, 18-19. 
Clover, growing on dairy farm, 32, 8-9. 
Clown’s lungwort. See Mullein. 
Coakum. See Fokeweed. 
Coal distillation 

recovery of evolved nitrogen, note, 37, 2. 
source of nitrogen, 37, 4 
waste of ammonia, annual, 37, 4. 

‘Coastal beach soil type, Virginia, description, note, 46, 13. 
Coastal Plains soil province, Virginia, descriptions of types, characteristics, and uses, 

46, 10-13. 
Coke ovens— 

beehive, waste of ammonia, 37, 4 
beehive, waste of by-products, 37, 4 
by- product, number and locatidn in ‘United States, 37, 5. 

Coke plants, nitrogen evolved, recovery in form of ammonium sulphate, 3% 2, 4. 
Conestoga series, soil type, Virginia, descriptions and crops suitable, 46, 14-15. 
Congaree series soil types, Virginia, descriptions and crops suitable, 46, 16. 
Coniferous nursery stock, blights, 44, 1-21. 
Conifers, nursery stock— 

blights, 44, 1-21. 
diseases caused by parasitic fungi, 44, 13-17. 
Ebermayer’s blight, description, prevention, 44, 13. 
frost injury, prevention, 44, 12-13. 
winterkilling, prevention, 44, 11-12. 

Conium. See Hemlock, poison. 
- Conowingo series soil types, Virginia, descriptions and crops suitable, 46, 6-7. 
Cook, F. C., bulletin on “‘Bouillon cubes: Their contents and food value compared 

with wheat extracts and home-made preparations of meat,’’ 27, 1-7. 
Coorrer, Morton O., and ©. Morris Bennett, bulletin on “The cost of raising a 

dairy cow,”’ 49, 1-23. 
Corn— 

fertilizer, effect of, manganese sulphate experiments, 42, 22. 
pork production per bushel, estimate, 41, 33. 
shelled, shrinkage in cars in transit, 48, 1-21. 
shelled, shr inkage in transit, relation to moisture content, 48, 24, Dyan Os, LO; 

iil pie? 15. 
shelled, temperature changes in transit, experiments, 48, 2-21. 
shrinkage i in cars in transit, experiments in different seasons with corn of various 

qualities and conditions, results, 48, 2-21. 
shrinkage in transit, determination methods, 48, 1-2. 
sweet, growing on dairy farm, advantages, 32, 7-8. 

Cotton— 
“bolly,’’? marketing, practices in Oklahoma, 36, 31-34. 
difference sheet, application to farmer’s cotton, Oklahoma, 36, 12-16. 
F egyptian, seed selection, 38, 1-8. 
Egyptian, types, description, value, etc., 38, 2-3. 
“gathered,’’ marketing, practices in Oklahoma, 36, 31-34. 
middling, marketing in Oklahoma, prices in different towns and at Galveston, 

36, 5-9. 
middling, prices in Oklahoma, variations, 36, 6-12. 
““mutation,’’ origin of varieties, 38, 2. 
New York difference sheet, application to primary markets, value to grower, etc., 

36, 16-18. 
purchase by general merchants, practices in Oklahoma, 36, 23-24. 
Be lling in see ed, practices, adv: antage 3 and objections, 36, 23-31, 
“sporting, ”’ origin of varieties, 38, 2. 
staple, influence on prices in primary markets, 36, 26-28. 
Yuma variety, origin, description, 38, 3-4. 

Cotton breedinz work— 
methods, 38. 4. 
of Department, 38, 1, 2, 6. ‘ 
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Cotton buyers, competition, effect on primary market, 36, 19-23. 
Cotton growers— 

associations, purchase of pure strain cotton seed, suggestions, 38, 5. 
knowledge of cotton grading, importance, 36, 12, 16. 
selling seed cotton, effect on production, advantages and objections, 36, 28-31. 

Cotton market— 
investigations, sampling method, 36, 4-5. 
primary, condition in Oklahoma, studies, 36, 1-36. 
primary, in Oklahoma, points of investigation, 36, 5. 

Cotton marketing— 
effect of personality of seller on prices, note, 36, 22-23. 
highest grades, difficulties in Oklahoma, 36, 18-19. 

Cotton prices, fluctuation in primary markets, Oklahoma, 36, 24-26. 
Cotton seed— 

pure strains, suggestion for maintaining, 38, 4-5. 
See also Seed, cotton. 

Cotton varieties, origin and development, 38, 2-3. 
Cow, dairy— 

cost of raising, 49, 1—23. 
cost of raising to milking age, records of Wisconsin farm, 49, 19-22. 

Cowbane, spotted. See Hemlock, poison. 
Cowpeas, fertilizer, effect of manganese sulphate, experiments, 42, 22-23. 
Cows— 

cost of raising, determination, records and accounts necessary, 49, 2-3. 
dairy. See Dairy cows. 

Cow’s lungwort. See Mullein. 
Crop rotation— 

dairy farm, practices on English farm, New York, 32, 9-10. 
run-down hil! land, practices on Engiish farm, New York, 32, 10-21. 
uplands, New York, 82, 14-16. 

Crop yields, relation to size of farm, survey in Indiana, Illinois, and Iowa, 41, 29. 
Crossbred bluestem wheat, origin, description, tests at Dickinson, North Dakota, 

33, 21, 23. 
Cumberland series, soil types, Virginia, descriptions and crops suitable, 46, 16-17. 
Curing, paprika, 48, 17-19. 
Cyanamide industry, extent and outlook, 37, 8-9. 

Daddynut tree. See Linden, American. 
Dairy cow, cost of raising, 49, 1-23. 
Dairy cows, feeding on English farm, New York, 32, 6. 
Dairy farm, growing cash crops, comparison with hay and grain crops, 32, 8. 
Dairy farming, Alaska, note, 50, 16. 
Dairy herd— 

addition of common cows for milking season, practice on New York farm, advan- 
tages, 32, 4-5. 

improvement, methods and results, 32, 4-7. 
Dairying, New York, results from 27 cows on English farm, comparison with census 

for county, 32, 5-6. 
Datura stramonium. See Jimson weed. 
Decatur series, soil type, Virginia, description, and crops suitable, 46, 15. 
Dekalb seri2s soil types, Virginia, descriptions and crops suitable, 46, 8. 
Denmark, community abattoirs, prevention of tankage and blood waste, 37, 10. 
Devil’s-apple. See Jimson weed. 
Devil’s-trumpet. See Jimson weed. 
Dewtry. See Jimson weed. 
Diet, use of potatoes, consumption per capita, America and Germany, 47, 3. 
Dixon, H. M., and E. H. Tuomson, bulletin on ‘‘A farm-management survey of three 

representative areas in Indiana, Illinois, and Iowa,’’ 44, 1-42. 
Dorset, P. H., bulletin on ‘‘Experiments in bulb growing at the United States bulb 

garden at Bellingham,’’ 28, 1-21. 
Dried blood. See Blood, dried. 
Durkee, E. W., method of testing pungency in peppers, 48, 7. 
Durum wheats— 

growing in South Dakota, experiments, yields at different stations, 39, 8, 9, 10, 
1 12 7210, 

tests at Dickinson, N. Dak., 33, 16, 17-18. 
varieties, descriptions, yields, etc., 39, 17-19. 
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“‘Dutch bulbs,”’ imports, domestic production, remarks, 28, 1-3. 
Duvat, Lavurex, and J. W. T. Duven, bulletin on ‘‘The shrinkage of shelled corn 

while in cars in transit,’’ 48, 1-21. . 
Dovet, J. W. T., and Laure, Duvat, bulletin on ‘‘The shrinkage of shelled corn 

while in cars in transit,’’ 48, 1-21. 

Early Mountain oats, description, tests at Dickinson, N. Dak., 38, 27, 28, 37. 
Ebermayer’s blight, coniferous nurseries, occurrence, description, prevention, 44, 13. 
ca mate oa relation to income, survey in Indiana, Illinois, and Iowa, 41, 

38-39. 
Egypt, agriculture department, work in cotton-seed selection, note, 38, 3. 
Egyptian cotton— 

seed selection, 38, 1-8. 
See also Cotton, Egyptian. 

“‘Einschniirrungskrankheit,’’ occurrence in coniferous nurseries, description, sugges- 
tions, 44, 18. 

Elder blows. See Elder. 
Elder flowers. See Elder. 
Elder, medicinal uses, collection, prices, etc., 26, 15-16. 
atten series, soil types, Virginia, descriptions and crops suitable, 46, 13. 
mmer— 

growing at Nephi experiment farm, Utah, yields, etc., 30, 31-32. 
tests of different varieties at Dickinson, N. Dak., 33, 37. 

Emperor grape sales, packed in drums, record, 1912-1913, 35, 24-27. 
Emperor grapes, storage, tests, 1911, 35, 19. 
English, M. J., methods of farm management, southern New York, 32, 1-24. 
Experiment station, Dickinson, N. Dak., establishment, relation to Department, offi- 

cers in charge, etc., 33, 1-9. 

Fagara clava-herculis. See Prickly ash. 
Fairbanks experiment station, Alaska, line of work, note, 50, 11. 
Fairy circle. See Juniper. 
Farm capital— 

definition, 44, 7. ‘ 
relation to income, etc., survey in Indiana, Illinois, and Iowa, 41, 18-24. 

Farm expenses— 
definition, 41, 7. 
distribution, farm-management survey in Indiana, Illinois, and Iowa, 41, 16-17. 

Farm income— 
definition, 41, 7. 
relation to type of farming, survey in Indiana, Illinois, and Iowa, 41, 29-34. 

Farm management— 
example, conditions at beginning of enterprise, changes effected, results, 32, 1-24. 
southern New York, successful, 22, 1-24. 
studies in Indiana, Illinois, and lowa, number and classes of farms, 41, 8. 
survey of three representative areas in Indiana, Llinois, and Iowa, 41, 1-42. 

Farm operation— 
by owner, and by tenant, comparison of crop yields, survey in Indiana, Illinois, 

and Iowa, 41, 33-34. 
relation of size to efliciency, survey in Indiana, Illinois, and Iowa, 41, 26-29. 

Farm owners, income, farm-management survey in Indiana, Illinois, and lowa, 41, 
9-10, 14-15, 19. 

Farm profits— 
bankers’ estimates, survey in Indiana, Illinois, and Iowa, 41, 13-14. 
farm-management survey in Indiana, [llinois, and Iowa, 41, 9-15. 
relation to size, survey in Indiana, L[llinois, and Lowa, 41, 24-25. 

Farm receipts— 
definition, 41, 7. 
distribution, farm-management survey in Indiana, Illinois, and Jowa, 41, 15-16, 

Farm tenure— 
system, relation to incomes of tenant and landlord, survey in Indiana, Illinois, 

and Iowa, 41, 34-35. 
systems, 41, 34-35. 

Farmer— 
age, relation to income, survey in Indiana, Illinois, and Iowa, 41, 36-38. 
education, relation to income, survey in Indiana, Illinois, and Iowa, 41, 38-39. 
profits, relation to efficiency, farm-management survey of Indiana, Illinois, and 

Iowa, 41, 17-18. : 
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Farming— 
Alaska, feasibility, discussion, examples, 50, 11-22. 
as business, considerations, discussion, 41, 39-41. 
diversification, methods on English farm, New York, 32, 7-8. 
southern New York, successful, 32,5 1-24, 
type, relation to income, survey in Indiana, Illinois, and Iowa, 41, 29-34. 

Feed— 
potato by-products, practices in Germany, 47%, 4 
potatoes, preparation, ration, value, etc., 47, 9-10. 

Feeding— 
dairy cows, English farm, New York, weekly ration, cost, etc., 32, 6. 
work horses, English farm, New York, 32,5 22. 

Feltwort. See Mullein. 
Fertilizer— 

manganese compounds, effect on growth and yield of different crops, experi- 
ments by foreign investigators, 42, 2-11. 

use for potato growing, 32, 10. 
Fertilizers— 

nitrogenous, obtainable in United States, 3%, 1-12. 
nitrogenous, sources, 37, 2. 
paprika pepper, 43, 16. 
use on fruit trees, practices in West Virginia, 295 9, 

Festuca viridula, seed. production, relation of plant vigor, 34, 5-6. 
Fife wheat— 

growing in South Dakota, experiments, yields at different stations, 39, 8, 9, 10, 
W1, 12, 13-15. 

tests at Dickinson, N. Dak., 33, 16, 17, 18-20, 22, 23. 
varieties, descriptions, yields, etc., 39, 13-15. 

Fireweed. See Jimson weed. 
Flannel-leaf. See Mullein. 
Flowers— 

American medicinal (with fruits and seeds), 26, 1-16. 
medi inal, collection and shipment, suggestions, 26, 1-2. 

Food animals, slaughter in 1912, estimates, 37, 10, 11. 
Forage— 

autumn, nutritive value compared with early production, 34, 12, 13. 
mountain ranges, effect of grazing, 34, 8-13. 
National Forests, value, remarks, $4, 1 

““Four-rowed ” barley, description, value for South Dakota, 39, 33-34. 
“Foxy” disease. Sve Mosaic disease. 
“Frenching,”’ tobacco disease, note, 40, 1 
Fruits— 

American medicinal (with flowers and seeds), 26, 1-16. 
medicinal, collection and shipment, suggestions, 26, 1-2. 
wild, Alaska, varieties, note, 59, 8-9. 

Garget. See Pokeweed. 
Gas manufacture, ammonium sulphate recovered by Mond process, 37, 4. 
Gatami barley, yield, description, tests at Dickinson, N. Dak., 33, 32, 35. 
“Gathered” cotton, production, cause, value, management, etc., 36, 32-34. 
Germany, potato growing, production, area, uses, ete. , 49, ey 
Ghirka wheat— 

description, tests at Dickinson, N. Dak. » 33, 19, 22, 23, 41. 
milling and baking tests of five pure- -line selec tions, 33, 41, 

Ginners, cotton, buying seed cotton, practices in Oklahoma, 36, 28-31. 
Gluten, feeding to dairy cows, 32, 6 
Glyndon Fife wheat, note, 33, 19. 
Golden Rain oats, description, tests at Dickinson, N. Dak., 33, 27, 28-29, 30. 
Gorst. See Juniper. 
Grain crops— 

experiments im South Dakota, 39, 1-37. 
farm prices, survey in Indiana, Illinois, and Iowa, 41, 32. 

Grain growing, Alaska, possibilities, 59, 21-29. 
Grape barrel, construction, capacity, etc., note, 35, 15. 
Grape drums, construction, capacity, etc., 35, 12-13. 

_ Grape industry, California, 1902-1912, 33, ‘ea 
Grape sales— 

California Emperor, packed in drums, record, 1912-13, 35, 24-27. 
Malaga and Cornichon, packed in drums, record, 35, 27-28. 
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Grapes— 
California, shipping without refrigeration, tests, 35, 23-24. 
California, storage, auction sales, 35, 3-4, 22-23. 
California ‘table, jactors governing successiul storage, 35, 1-31. 
cooling before packing i in sawdust, importance, 35, 13-14. 
grading before packing, impor tance, sues, 39, 14, 22. 
importations from Spain, 1907-1913, 35, 2 
imports from Spain, packing, selling at dock, prices, etc., 35, 2-4. 
packing, cost of drum-sawdust pack, 30, 29. 
packing, filling materials, investigations, 35, 4-12. 
saw dust pees comparison with cork-packed, shipments from California, 1912, 

3, 19-21 

selection for storage, 35, 18. 
shipments from California, 1912, markets, conditions of different varieties in 

different packing, 35, 19-21. 
storage, commercial tests, 1911, 35, 19. 
storage, different temperatures, tests, 35, 8-9. 
storage, eee of different varieties packed with redwood sawdust and with ground 

cor bs 6-8. 
ventilation in transit, tests, 35, 23-24. 

Grasses, Alaska, value, etc., 50, 8. 
“Gray-top” disease. See Mosaic disease. 
Grazing— 

deferred, advantages over yearlong protection of mountain ranges, 34, 11-13. 
deferred, improvement of mountain ranges, management, 34, 11-14. 
effect on range forage crop, 34, 8-13. 
mountain ranges, practices, 34, 8-9, 11-18. 
rotation and deferred, for range improvement, 34, 1-16. 
rotation, depleted mountain ranges, management, 34, 12-13, 14. 
yearlong, practices, effect on forage crops on mountain ranges, 34, 8-9. 

Great mullem. See Mullein. 
Grirrirus, Davin, bulletin on “Behavior, under cultural conditions, of species of 

cacti known as opuntia,’’ 31, 1-24. 

Hackmatack. See Juniper. 
Hagerstown series soil types, Virginia, descriptions and crops suitable, 46, 13-14. 
Hanna barley, origin, description, tests at Dickinson, N. Dak., 33, 31, 34, 37. 
Hannchen barley— 

description, value for South Dakota, etc., 39, 35-36. 
origin, description, tests at Dickinson, N. Dak., 33, 32, 34-35. 

Hare’s-beard. See Mullein. 
Hart wey, Cart, bulletin on ‘‘The blights of coniferous nursery stock,’’ 44, 1-21. 
Harvesting— 

“‘gathered”’ cotton, devices, 36, 33-34. 
paprika pepper, 43, Wf, 

Haynes bluestem wheat, origin, description, tests at Dickinson, N. Dak., 33, 21, 23. 
Heck-how. See Hemlock, poison. 
Hedge-taper. See Mullein. 
Heifers, raising for dairy herd, cost, records of C. I. Brigham, Wisconsin, 49, 1-23. 
Hemlock, poison, medicinal ses, collection, prices, etc., 26: 11-12. 
HENKEL, ALICE, bulletin on ‘‘American medicinal flowers, fruits, and seeds,’’ 26: 1-16. 
Hercules-club. See Prickly ash. 
Hill land— 

improvement, cost and returns, English farm, New York, 32, 12-21. 
management, practices on English farm, New York, 32, 10-21. 

Hindi cotton, description, danger of crossing with better varieties, 38, 3. 
Hog taper. See Mullein. 
Holston series, soil type, Virginia, description and crops suitable, 46, 17-18. 
Homesteaders, Alaska, difficulties, 50, 27-28. 
Horse feeding, cost, 29, 13. 
Horse labor— 

cost, expenses for feed and care, 29, 13. 
farm management, New York, 32, 22. 
farm, relation of efficiency to size of farm, survey in Indiana, Illinois, and Towa, 

41, 27. 
Horse savin. See Juniper. 
Huntington series, soil types, Virginia, descriptions and crops suitable, 46, 17. 
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Huron wheat, origin, tests at Dickinson, N. Dak., 33, 20-21, 23. 
Hyacinths— ; 

bulblet production, scooping and scoring methods, comparison, selection of 
mother bulbs, etc., 28, 7-11, 12-13. 

planting, 28, 12-13. 
propagation, methods, management, 28, 4-13. 
stock mother bulbs, imports, production, etc., 28, 10-11. 

Ice-leaf. See Mullein. 
Tlinois— oul 

farm management, area surveyed, location, description, crops, live stock, etc., 
41 

farm management, survey of representative area (and of Indiana and Iowa), 41, 
1-42 

Imports, sodium nitrate, 37, 3.— 
’ Indiana— 

farm management, area surveyed, location, description, crop rotations, live 
stock, etc., 41, 3-4. 

farm management, survey of representative area (and of Indiana and Iowa) 41, 
42. 

Inkberry. See Pokeweed. 
Insects, carriers of mosaic disease of tobacco, 40, 27-28. 
Towa— 

farm management, area surveyed, location, description, crops, live stock, etc., 
41, 6-7. 

farm management, survey of representative area (and in Indiana and Illinois), 
41, 1-42. 

Tredell series soil type, Virginia, descriptions, crops suitable, etc., 46, 5. 

Jacob’s staff. See Mullein. 
Jamestown lily. See Jimson weed. 
Jamestown weed. See Jimson weed. 
Jersey cows, cost of raising, investigations, 49, 1-23. 
Jerusalem oak. See Wormseed. 
Jimson weed— 

habitat, range, description, 26, 13. 
medicinal uses, collection, prices, etc., 26, 13. 

Juniper berries, uses, collection, prices, 26, 3. 
Juniper, habitat, range, description, names, 26, 2-3. 
Juniperis communis. See Juniper. 
Jupiter’s-staff. See Mullein. 

Kearney, Tuomas H., bulletin on ‘Seed selection of Egyptian cotton,’’ 38, 1-8. 
Kedlock. See Mustard. 
Kehoe, John, method of clearing land of moss, Alaska, 58, 19. 
Kerlock. See Mustard, black. 
Kherson oats— 

description, note, 39, 26. 
description, tests at Dickinson, N. Dak., 33, 27, 29-30, 31. 

Kitzing barley, description, value for South Dakota, 39, 36. 
Knudson, Thomas, dairy farm, Juneau, Alaska, notes, 58, 16. 
Kodiak experiment station, Alaska, line of work, 59, 11. 
Kubanka wheat, description, superiority over other durum wheats, tests, 83, 17-18, 37. 

Labor— 
crew work, commercial orcharding in West Virginia, costs and returns, 29, 1-24. 
dairy farm, utilization for diversified farming, advantages, 32, 7. 
farm, management in New York, $2, 21-22. 
farm, relation of size of farm to cost, survey in Indiana, Illinois, and Iowa, 44, 

26-27. 
farm, winter utilization, 41, 33. 
income, farm, definition, 44, 7. 
income, farm, relation to distribution of owner’s capital, survey in Indiana, IIli- 
_ nois, and lowa, 44, 19-20. 
incomes, farm, owners and tenants, survey in Indiana, Illinois, and Iowa, 41, 

TKO Es 
orchard, problems, requirements, etc., 29, 12-14. 

Lady’s foxglove. See Muilein. 
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Landlord, income— 
data from farm- management survey in Indiana, Illinois, and Iowa, 41, 12-13. 
relation of tenure system, survey in Indiana, Illinois, and Iowa, 41, 34-35. 
relation to investment, survey in Indiana, Illinois, and Iowa, 41, 23-24, 

Lansdale series, soil type, Virginia, description and crops suitable, 46, 7. 
Leonard town series, soil type, Virginia, escription and crops suitable, 46, 12-13. 
Lichens, Alaska, occurrence, description, value, and disadvantages, 50, 9. 
Lime tree, black. See Linden, American. 
Limestone valley and upland ‘soil province, Virginia, descriptions of types, charac- 

teristics, and uses, 46, 13-15. 
Lin tree, American. See Linden, American. 
Linden, American, medicinal use, habitat, range, description, etc., 26, 10-11. 
Linderberg, J aphet, note on reindeer industry, “Alaska, 50, 25. 
Live stock, feeding potatoes, preparation, ration, etc. , 47, 9-10. 
Live-stock farm, income, comparison with crop farm, “41, "31, 
Live-stock farming, advantages, notes, 41, 32-33. 
Lodge, F. S., estimates of yield of tankage and blood by different food animals, 37, 

9-10. 
Lophodermium brachysporum, parasitic on white pine, note, 44, 16. 
Lophodermium laricinum, parasitic on larches, note, 44, 16. ; 
Lophodermium macrosporum, parasitic on spruces, note, 44, 16. 
Lophodermium nervisequium, parasitic on firs, note, 44, 16. 
Lophodermium pinastri, occurrence in coniferous nurseries, effect, description, 44, 

t 13-15. 
Louisa series, soil types, Virginia, descriptions, crops suitable, 46, 4. 
Lundeen, P., statement on farming in Alaska, 50, 18. 

Machinery, farm, relation of value to size of farm, survey in Indiana, Illinois, and 
lowa, 41, 28-29. 

Macrosiphum tabaci, carrier of tobacco mosaic disease, 40, 27-28. 
Mad-apple. See Jimson weed. 
Malt sprouts, feeding to dairy cows, 32, 6. 
Manchu Brown kaoliang sorghum, test at Dickinson, N. Dak., 33, 38. 
Manchuria barley— 

description, value for South Dakota, 38, 33-34. 
tests at Dickinson, N. Dak., 33, 32, 33, 36. 

Manganese— 
action in soils, 42, 1-32. 
effect on field crops, experiments, 42, 19-31. 
effect on growth and yield of different crops, experiments by foreign investiga- 

tors, 42, 2-11. 
in aqueous extracts of soils, effect on plant growth, experiments, 42, 9-19. 

Manganese salts, effect on plant growth, experiments, 42, 7-19. 
Mann, C. W., and A. V. Srusenravcn, bulletin on “Factors governing the successful 

storaze of California table grapes,” 35, 1-31. 
Manor series soil type, Virginia, description and crops suitable, 46, 7. 
Marketing— 

cotton, Oklahoma, practices, 36, 5-24. 
vegetables, practices on English farm, ‘New York, 32, 23. 

Marquis wheat, origin, description, tests at Dickinson, N. Dak., $3, 19-20, 23. 
McPherson, W. A., “statement on gardening in Alaska, "50, ce 
Meal, corn, feeding to dairy cows, 32, 6. 
Meat extracts— 

nutritive value and cost, 27, 3-4. 
semisolid, commercial, composition and nutritive value, 27, 3-4. 

Meat juices, commercial, nutritive value, prices, etc., 27, 4 
Meat preparations, home-made and commercial, comparison, 27, 7. 
Medicinal plants, ‘American, flowers, fruits, and seeds, 26, 1-16. 
Milk production— 

twenty-seven cows on English farm, New York, 32, 5. 
winter, management of herd, adv antages, etc. 33. 4-7. 

Milling tests, wheat, 15 varie ties, 33, 23-24, 41. 
Minnesota No. 169, wheat, origin, description, tests at Dickinson, N. Dak., 33, 21, 23, 
Mit Afifi cotton, description, production and breeding i in Arizona, 38, 2-3. 
Mitchell, Hiram W., statement on farm products, markets, and possibilities, Knik 

region, Alaska, 50, 14. 
“Mongrel” tobacco. See Mosaic disease. 



| INDEX. _ ~ aa 

Monkeynut tree. Sce Linden, American. 
Montana, Rocky Mountain spotted- fever ticks, eradication, use of sheep, 45, Let: 
Mosaic disease, tobacco— 

control, methods, etc., 40, 1-33. 
infection methods, winter survival, etc., 40, 26-30. 
inoculation experiments, incubation period, duration, etc., 40, 16-22. 
nature, 40, 31-32. 
occurrence in field crops, 40, 29-30. 
properties of virus, 40, 22-24. 
similarity to peach yellows, 40, 7 
soil infection, effect on healthy plants, experiments, 40, 24-26. 
transference to other plants, experiments, 40, 10-15. 
transmission through roots of tobacco plant, 40, 24. 

Mosses, Alaska, occurrence, description, value, and disadvantages, 50, 9. 
“Mottle- top” disease. See Mosaic disease. 
“Mottling” disease. See Mosaic disease. 
Mountain sumac. See Sumac, smooth. 
Mulch, injury to coniferous nursery stock, suggestions, 44, 18-19. 
Mullein— 

flowers, medicinal uses, collection, prices, 26, 15. 
habitat, range, description, 26, 14-15. 
otber names, 26, 14. 

Mullein dock. See Mullein. 
Munson, W. F., statement on farming in Alaska, 50, 21. 
Murrill series, soil type, Virginia, description and crops suitable, 46, 15. 
Mustard— 

black, medicinal use, habitat, range, description, etc., 26, 6 
white, medicinal use, habitat, range, description, etc., 26, 7 
white, seed, uses, collection, prices, 26, 7 

Narcissus— 
double van Sion, growing at Bellingham bulb garden, 28, 15-16. 
growing, management, 28, 13-16. 
propagation note, 28, 16. 

Needle diseases, conifers, occurrence in nurseries, preventive measures, etc., 445 
13-16. 

Needle-cast, occurrence in coniferous nurseries, description, suggestions, 44, 13-15. 
Nepal barley, test at Dickinson, N. Dak., 83, 32, 35. 
New York, southern, farm management, successful, 32, 1-24. 
Nicotiana, mosaic disease in different species, 40, 14-15. 
Nightshade, American. See Pokeweed. 
Nitrates, artificial, manufacturing processes, demand, production, imports, etc., 

ot, 7-8. 
Nitrogen— 

by-product from coke plants, 37%, 4. 
occurrence in soil, variations in different localities, 37,, 1 
supply, survey, discussion, etc., 39, 3 

Nitrogenous fertilizers— 
obtainable in United States, 37, 1-12. 
See also Fertilizers, nitrogenous. 

Norfolk series soil types, Virginia, descriptions and crops suitable, 46, 10-11. 
North Dakota— 

cereal experiments at Dickinson, 33, 1-44. 
experiment station at Dickinson, description, climate, topography, soils, ete., 

33, 1-9. 
Northern prickly ash. See Prickly ash. 
menay, manufacture of nitrates and nitrites, consumpt.on and exports, 37, 7-8. 
ursery— 

experiments, Nephi experiment station, Utah, 30, 32-48. 
stock, coniferous, blights, 44, 1-21. 

Oats— 
composition of different varieties, 39, 24-25. 
experiments in South Dakota (and with wheat and barley), 39, 1-37. 
South Dakota, production, acreage and yield, 39, 1, 19-20. 
spring, varieties crown at Nephi experiment farm, Utah, yields, etc., 30, 27-28. 
varietal tests at different stations, South Dakota, 39, 20-23. 
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Oats—Continued. 
varieties for South Dakota, descriptions, composition, etc., 39, 25-27. 
varieties tested at Dickinson, N. Dak., 33, 24-31. 
winter, growing at Nephi experiment farm, Utah, 39, 26-27. 
yield under different cultural methods, tests of several varieties, 39, 24. 
yields, experiments with 38 varieties, Dickinson, N. Dak., 33, 24-31. 

Odessa barley, description, origin, etc., 39, 34-35. 
Oil shale, Montana, yield of ammonium sulphate and oil, statement of Baskerville, 

37, 7. 
Oklahoma— 

cotton conditions, primary, studies, 36, 1-36. 
cotton markets, prices, relation to Galveston prices, 36, 24-26. 
cotton production, uniformity of quality, note, 36, 3. 

Old-man’s-flannel. See Mullein. 
Onions, growing on dairy farm, note, 32, 8. 
Opuntia— 

allairet, growth habits under cultivation, 34, 15. 
cacti species, behavior under cultural conditions, 31, 1-24. 
jicus indica, propagation from cuttings, experiments, 31, 2-4. 
lindheimeri, suitability to Texas conditions, 34, 4. 
neoarbuscula, growth habits under cultivation, 31, 15-16. 
occidentalis, behavior in other localities, 34, 8. 
occidentalis, California, characteristics, studies, 31, 5-6. 
parryi, growth habits, 34, 14. 
spinosior, longevity in different localities, growth habits, etc., 31, 14-15. 
tunicata, experiments, 31, 6-7. 

Orange, wild. See Prickly ash. 
Orchard— 

management, principles of economy, 29, 22-24. 
size, relation to management, 29, 15. 

Orcharding, commercial 
cost of equipment, 29, 14. 
crew work, costs and returns, West Virginia, 29, 1-24. 
labor requirements, 29, 13-14. 
West Virginia, crew work, costs and returns, 29, 1-24. 

Orchards— 
crew work, investigations in West Virginia, description of region, scheme of 

planting, etc., 29, 3-6. 
cultivation, practices in West Virginia, cost, 29, 7-9. 
planting in West Virzinia, scheme, cost, pruning, spraying, etc., 29, 5-12. 
use of fertilizers, practices in West Virginia, 29, 9. 

Orton, W. A., bulletin on ‘‘ Lessons for American potato growers from German expe- 
riences,’’ 47, 1-12. 

Packine— 
grapes for shipment, weight of grapes, filler, and drum, variations, etc., 35, 21-22. 
grapes in redwood sawdust, directions, 35, 13-16. 

Palm, fan. See Palmetto, saw. 
Palmetto— 

dwarf. See Palmetto, saw. 
saw, medicinal use, habitat, range, description, 26, 3-4. 
saw, medicinal uses of berries, collection, prices, 26, 3-4. 

Paprika— 
American, characteristics, 43, 4-11. 
American-grown, 43, 1-24. 
application of term, 43, 1, 2. 
botanical origin, description, etc., 43, 4. 
color, factors influencing, 43, 6. 
culture, climatic and soil requirements, etc., 43, 12-16. 
demand, trade, etc., United States, discussion, 48, 11-12. 
different forms, 43, 2. 
grinding facilities in Hungary, effect on prices, note, 43, 11-12. 
growinz, cost and profits, 43, 22-23. 
growing, South Carolina, experiments, 43, 12-21. 
harvesting, curing, and storing, 43, 17-20. 
imports, estimate, 43, 11. 
industry, history, 43, 1-2. 
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Paprika—Continued. 
industry, United States, outlock, 43, 23-24. 
legal defiaition, 43, 2-4. 
picking, cost, 43, 23. 
prices, factors iafluencing, etc., 43, 11-12. 
pungency, source, tests, 43, 6-9. 
trade in United States, investigation, discussion, 43, 11. 
vield, experiments in South Carolina, 43, 20-21. 

Paris series soil type, Virginia, description, note, 46, 10. 
Peach—- 

growing in apple orchards, practices in West Virginia, 29, 2-24. 
orcharding, costs, 29, 17-19 
orcharding, West Virginia, crew work, costs and results, 29, 1-24. 
orchards, life period, yield per tree, discussion, 29, 16-17. 
orchards, thinning fruit, time, method, cost, 29, 11. 
orchards, yield of seven representative, West Virginia, 29, 19-20. 
trees, ‘‘dehorning,’’ 28, 16. 
yellows, similarity to mosaic diseases of tobacco, 48, 7, 9. 
yellows, statement of Erwin F. Smith, 40, 7. ny 

Peach borers, ‘‘worming” trees, method, importance, cost, 29, 11. 
Peaches— 

growing, costs and profits, 29, 20-21. 
harvesting, crew work, management, cost, etc., 29, 11-12. 
hauling, expense, injury to fruit, etc., notes, 29, 15-16. 
transportation methods, rates by freight and express, 29, 14. 
varieties suitable to West Virginia orcharding, 29, 6. 

Peat, distillation for ammonium sulphate, yield by different processes, 37, 7. 
Pellitory bark. See Prickly ash. 
Penn series soil types, Virginia, descriptions and crops suitable, 46, 5-6. 
Pennsylvania sumac. See Sumac, smooth. 
Pepper, paprika. See Paprika. 
Pepperwood. See Prickly ash. 
Pestalozzia hartigi, cause of stem-girdle, note, 44, 18. 
Pestalozzia needle blight, occurrence in coniferous nurseries, note, 44, 15-16. 
Peter’s staff. See Mullein. 
Phyiolacea americana. See Pokeweed. 
Phytolacca decandra. See Pokeweed. 
Phytolaces decandra. See Pokeweed. 
Piedmont soil province, Virginia, descriptions of types, characteristics and uses, 46, 

Pigeon berry. See Pokeweed. 
‘“Pimenton,’’ note, 43, 2. 
Pocan. See Pokeweed. 
Poison hemlock. See Hemlock, poison. 
Poison parsley. See Hemlock, poison. 
Poison root. See Hemlock, poison. 
Poke berries, medicinal uses, collection, prices, 26, 5-6. 
Poke root, medic:nal use, note, 26, 6. 
Poke. See also Pokeweed. 
Pokeweed— 

medicinal use, habitat, range, description, 26, 5-6. 
medicinal uses, collection, prices, 26, 5-6. 
mosaic disease, experiments with tobacco plants, 40, 15-16. 
mosaic disease, winter survival, 40, 28-29. 

Poplar, Alaska, occurrence, 59, 8. 
Pork, production of bushel of corn, 41, 33. 
Porters series soil types, Virginia, descriptions and crops suitable, 46, 8-9. 
Portsmouth series soil types, Virginia, descriptions, crops suitable, 46, 11-12. 
Potato blight, cause of losses in New York, note, 47, 7. 
Potato diseases, introduction from foreign countries, 47, 8-9. 
Potato growers, American, lessons from German experiences, 47, 1-12. 
Potato growing— 

advantages, by-products, profits, etc., 47, 3-4. 
Alaska, yield, notes, 59, 16, 17. 
climatic requirements, 47, 5. 
Germany and America, yields, areas, etc., 47, 1-2. 
low yields in United States, causes, 47, 6-8. 
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Potato growing—Continued. 
planting, cultivation, disease and insect control, etc., methods in United States 

aud Germany, 47, 6-8. . 
United States, effect of corn and petroleum production, note, 47, 5-6. 

Potato, importance in American and Gorman agriculture, 47, 1-2. 
Potato mash, use for feed, Germany, 47, 4 
Potato tops, use for feed, Germany, 47, 4. 
Potato-drying industry— 
ba establishment, output, etc., Germany, 47, 4. 

Germany, development, note, 47, 11. 
Potatoes— 

breeding suitable varieties, need, 47, 6. 
by-products, value for feed, 47, 4. 
dried, uses, 47, 11. 
fertilizer, effect of manganese sulphate, experiments, 42, 23-24. 
growing on dairy farm, advantages, 32, 8 
importation, danger, prohibition, probable results, etc., 47, 8-9. 
imports, 1901, 1908, 1911, 47, 8. 
industrial uses, practices in Germany, 47, 2. 
production in America, comparison with German production, 47, 1-2. 
surplus production, utilization, suggestions, 47, 9-11. 

Power Fife wheat, note, 33, 19. 
Powers, Thomas A., note on reindeer management in Alaska, suggestions, etc., 59, 25. 
Pranke, E. J., statement on future of cyanamide industry, 37, 9. 
Preston wheat, origin, tests at Dickinson, N. Dak., 33, 21, 23. 
Prickly ash, medicinal uses, collection, prices, etc., 26, 8-9. 
Prickly pear— 

adaptability to conditions, studies of different species, 31, 7-9. 
flowers, coloration, changes, etc., 31, 18-19. 
proliferation, habits of different species, 31, 19-20. 
spicules, excessive development, 31, 9. 
spine variation, studies, 31, 1-7. 
spineless, bud variation, importance, 31, 4. 
spineless, propagation of cuttings from Malta, results, 31, 2-4. 

Prickly pears— 
fungus disease, prevalence, effect, etc., 31, 15. 
growing from seed and cuttings, comparison, 31, 20-22. 
growth habits of different species, 31, 14-16. 
housing, effect, 31, 12-13. 
Laredo district, Texas, behavior in other localities, 31, 7-8. 
moisture requirements, different species, 31, 22-23. 
spineless varieties, growing at Brownsville, Tex., 31, 11. 
variations with locality, 31, 10-12. 

Prickly yellowwood. See Prickly ash. 
Proliferation— 

prickly pear, relation to sterility, 31, 19-20. 
prickly pears, habits of different species, 31, 19-20. 

Pruning fruit trees, day’s work, 29, 9. 
Purdy, Carl, growing Dutch bulbs in California, experiments, 28, 2. 
Purple raspberry, wild. Sce Raspberry. 

Rampart experiment station, Alaska, line of work, 50, 11. 
Range improvement by deferred and rotation grazing, 34, 1-16. 
Range plants— 

flower stalks, production, relation of plant vigor, 34, 4-5. 
growth requirements, 34, 2-8. 
removal of foliage at different times, effect, experiments, 34, 3-4. 
seed crops, relation of plant vigor to time and quantity of production, 34, 5-6 
seedling stands, factors, 34, 7-8. 

Ranges— y 
deterioration, causes, 34, 1-2. 
mountain, protection, yearlong, investigations, experiments and results, 34, 10-11 
revegetation, yearlong protection and deferred grazing, comparison, 34, 10-13. 

Rangifer— 
arcticus, reindeer species, Alaska, note, 50, 22. 
caribou, reindeer species, Alaska, note, 50, 22. 

Raspberry, medicinal uses, collection, prices, etc., 26, 8. 
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Rath, J. J., statement on farming in Alaska, 50, 17. 
Red Fife wheat, description, tests at Dickinson, N. Dak., 33, 19, 20, 23. 
Red inkberry. See Pokeweed. 
Red mustard. See Mustard, black. 
Red pepper, legal definition, 43, 3. 
Red raspberry— 

American. See Raspberry. 
wild. See Raspberry. 

Red weed. Sce Pokeweed. 
Red-cedar blight, occurrence in nurseries, note, 44, 19. 
Redwood sawdust, preparation for packing grapes, 35, 9-12. 
Rerp, F. B., and others, bulletin on ‘The action of manganese in soils,’’ 42, 1-32. 
Reindeer, Alaska, species, note, 59, 22. 
Reindeer industry, Alaska, foundation, extent, and possibilities, 50, 22-23, 24-25. 
Reindeer moss, Alaska, occurrence, description, value and disadvantages, 50, 9, 24. 
Revegetation, range improvement, 34, 4-8. 
Rhus glabra. See Sumac, smooth. 
River Flood Plains soil province, Virginia, descriptions of types, characteristics and 

uses, 46, 15-18. 
Rocky Mountain spotter fever tick. See Spotted fever tick; Tick, spotted fever. 
Root-rots, coniferous nursery stock, discussion, 44, 17. 
ae crop, dairy farm, practices on English farm, New York, 32, 9-10. 
ubus— 

idacus. See Raspberry. 
occidentalis. See Raspberry. 
strigosus. See Raspberry. 

le wheat, description, tests at Dickinson, N. Dak, 33, 19, 22, 23. 

Mare 
fertilizer, effect of manganese sulphate, experiments, 42, 21. 
tests of varieties at Dickinson, N. Dak., 33, 37-38. 

Rysting Fife wheat, note, 33, 19. 

Sabal. See Palmetto, saw. 
Sabal serrulatum. See Palmetto, saw. 
Salt River Valley, Egyptian cotton, suitability, seed selection, etc., 38, 1-2. 
Sambucus canadensis. See Elder. 
Sampson, ARTHUR W., bulletin on ‘‘Range improvement by deferred and rotation 

grazing,’’ 34, 1-16. 
Sassafras series, soil type, Virginia, description and crops suitable, 46, 12-13. 
Saw palmetto. See Palmetto, saw.~ 
Sawdust, redwood— 

filler for packing California table grapes, comparison with ground cork, tests, 
9 . ; 

preparation for packing grapes, 35, 9-12. 
Scarlet sumac. See Sumac, smooth. 
“Schutte” disease, occurrence in coniferous nurseries, description, suggestions, 44, 

13-15. 
Scoke. Sce Pokeweed. 
Scotch cap. See Raspberry. 
Scotch Fife wheat, description, tests at Dickinson, N. Dak., 33, 19, 23. 
Scurvy. See Mustard, black. 
Sea ash. See Prickly ash. 
Seed— - 

cereals, relation of size to value, tests, 30, 36-43. 
cotton, growing pure strains, management, 38, 4—5. 
cotton, mixing at gin, danger, preventive measures, 38, 5-6. 
cotton, pure stock, importance, management, etc., 38, 1-2. 
Egyptian cotton, distribution in Salt River Valley by Department, 38, 1-2. 
potatoes, disease-free, need in United States, suggestions, 47, 8. 
pure, relation to grain crops, selection, and care, 39, 36-37. 

~ selection of Egyptian cotton, 38, 1-8. 
wheat, relation of size of grain to value, tests of different varieties, 30, 37-43. 

Seed bed, paprika pepper, preparation, management, 43, 14-15. 
Seed-cotton, selling to ginners, practices in Oklahoma, advantages, objections, 36, 

28-31 a 

Seeds, American medicinal (with flowers and fruits), 26, 1-16. 
Senhalanac. See Sumac, smooth. 
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Senvre. See Mustard, white. i 
Serenoa serrulata. See Palmetto, saw. 
Sheep— 

grazing on depleted mountain ranges, management, 34, 12-13, 14. 
raising, Alaska, discussion, 59, 25-27. 
slaughter, 1912, estimates, 37, 10, 11. 
use In eradication of Rocky Mountain spotted-fever tick, experiments, 45, 1-11. 

Shepherd’s-club. See Mullein. 
SHERMAN, WELLS A., and others, bulletin on ‘‘Studies of primary cotton market con- 

ditions in Oklahoma,’’ 36, 1-36. 
Shipping California table grapes, packing, loading in car, etc., 35, 13-18. 
Shoe-make. See Sumac, smooth. 
Shipping, shelled corn, shrinkage in transit, relation to moisture content, temperature, 

etc., lavestigations, 48, 1-21. 
Shrinkage, shelled corn, in cars in transit, 48, 1-21. 
Sinapis alba. See Mustard, white. 
Sinapis, nigra. See Mustard, black. 
Sitka experiment station, Alaska, line of work, note, 50, 11. 
Sixty-day oats— 

description, test at Dickinson, N. Dak., 33, 29-30, 31. 
origin, description, yield, experiments in South Dakota, 39, 25-26. 

Sgwn_Er, J. H., and others, bulletin on ‘‘The action of manganese in soils,’’ 42, 1-32. 
Sleek sumac. See Sumac, smooth. 
Smith, Erwin F., statement on fruit of peach trees affected with yellows, 40, 7, 9. 
Smooth sumac. See Sumac, smooth. 
Snakeweed, poison. See Hemlock, poison. 
Sodium nitrate— 

commercial, nitrogen per cent, 37, 3. 
occurrence in Chile, 37, 2. 
production of Chilean beds, exports, etc., 1911, 37%, 2. 

am use in various industries in United States, 1910, 37, 3. 
oil— 

culture, application of manganese compound, work of foreign investigators, 42, 2-9 . 
hyacinth growing, requirements, comparison of Netherlands type with Belling- 

ham type, 28, 4. 
improvement, value of potato growing, 47, 3-4. 
provinces, Virginia, areas, descriptions and use, 46, 1-21. 

2 survey, Virginia, catalogue of soils identified, 46, 1-21. 
oils— 

Alaska, characteristics, need of drainege, etc., 59, 9-10. 
aqueous extracts, preparation, properties, etc., different soils, 42, 11. 
manganese, occurrence, 42, 1-2. 
peach orcharding in West Virginia, types suitable, 29, 4. 
South Dakota, character, value for cereal production, 39, 5-6. 
Virginia, catalogue of soils identified in soil survey, 46, 1-21. 

Sorghums, grain, tests at Dickinson, N. Dak., 33, 38. 
Soup, meat and vegetable, preparation, nutritive value and cost, 27, 6. 
South Carolina, paprika pepper growing, experiments, 43, 12-21. 
South Dakota— 

barley, production, acreage, yield, 39, 1. ‘ 
climatic conditions, relation to cereal production, 39, 2-3, 7. 
experiments with wheat, oats, and barley, 39, 1-37. 
oats, production, acreage, yield, 39, 1. 
soil conditions and types, relation to cereal production, 89, 5-6. 
wheat production, acreage, yield, 39, 1. 

Southern prickly ash. See Prickly ash. 
Spanish paprika, description, note, 43, 2. 
Spotted conium. See Hemlock, poison. 
Spotted Hemlock. See Hemlock, poison. 
Spotted parsley. See Hemlock, poison. 
Spotted-fever tick— 

Rocky Mountain, use of sheep in eradication, experiments, 45, 1-11. 
see also Tick, spotted-fever. 2 

Spraying orchards, practices in West Virginia, cost, equipment, etc., 29, 9-11. 
Spruce, Alaska, occurrence, value, 59, 8. 
‘Square head” barley, description, value for South Dakota, 39, 33-34. 
St. Bennet’s-herb. See Hemlock, poison. , 
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Starch, potato, uses, manufacture, etc., 47, 10. Ain 
Stem-girdle, occurrence in coniferous nurseries, description, suggestions, 44, 17-18. 
Stink. See Jimson weed. 
Stinkweed. See Jimson weed. ; 
Storage, grapes, California table, factors governing, 35, 1-31. 
Stramonium. See Jimson weed. 
StupenraucH, A. V., and ©. W. Mann, bulletin on ‘‘Factors governing the suc- 

cessful storage of California table grapes,”’ 35, 1-31. 
Suiirvan, M. X., and others, bulletin on ‘‘The action of manganese in soils,’’ 42, 1-32. 
Sulphate of ammonia, from distillation of coal, production per ton, 3%, 4. 
Sumac, smooth— 

habitat, range, description, 26, 9-10. 
_ medicinal uses, collection, prices, 26, 10. 

Sumbacus. See Elder. , 
Sun scorch, coniferous nursery seedlings, description, causes, preventive measures, 

etc., 44, 2-11. 
Suterberry. See Prickly ash. 
Svanhals barley, origin, description, tests at Dickinson, N. Dak., 33, 32, 38, 34, 35. 
Sweden, reindeer herds, note, 59, 24. 
Swedish Select oats, description, yield, composition, experiments in South Dakota, 

39, 26-27. 
Sweet elder. See Elder. 
Swine, slaughter, 1912, estimates, 37, 10, 11. 

Talladega series, soil types, Virginia, descriptions, notes, 46, 9. 
Tanana Valley, Alaska, farming lands, location, production, etc., 50, 19-21. 
Tankage— 

definition, nitrogen content, analysis, 37, 9. 
future supply, outlook, 37, 10-11. 
waste in country killing, 37, 10. 
yield of different food animals, 37, 9-10. 

Taytor, Frep, and others, bulletin on ‘‘Studies of primary cotton market conditions 
in Oklahoma,”’ 36, 1-36. 

Tenant— 
farm, capital distribution, survey in Indiana, Illinois, and Iowa, 41, 20. 
farm, income, farm-management survey in Indiana, Ilinois, and lowa, 41, 11-12. 
farm, income, relation to tenure system, survey in Indiana, Hlinois, and Iowa, 

41, 34-35. 
farm, relation of capital to income, 41, 20-23. 
farming, crop yields, comparison with yields when operated by owner, survey 

in Indiana, Illinois, and lowa, 41, 33-34, 35-36. 
Tenants, farm, change from one farm to another, cause, 41, 22-23. _ 
Tenure system, farm, relation to incomes of tenant and landlord, survey in Indiana, 

Illinois, and Iowa, 41, 34-35. 
Texas— 

Brownsville, growing Mexican prickiy pear, behavior of different kinds, 31, 
10-11. 

prickly pear, tendency to spines, economic importance, etc., 31, 1-2. 
San Antonio, growing spineless prickly pears, 31, 12. 

Thimbleberry. See Raspberry. 
Thompson, (Clyde H., statement on farming in Alaska, 50, 17. 
THomson, E. H., and H. M. Dixon, bulletin on ‘‘A farm-management survey of 

three representative areas in Indiana, Illinois, and Iowa,’’ 41, 1-42. 
Thorn apple. See Jimson weed. 
Tick— 

Rocky Mountain spotted fever, eradication from Bitter Root Valley, Montana, 
use of sheep, experiments, 45, 1-11. 

spotted fever, infestation of sheep, observations and experiments, 45, 1-11. 
Tidal marsh soil type, Virginia, descr ption, note, 46, 13. 
Tilia americana. See Linden, American. 
Tilia canadensis. See Linden, Amerivan. 
Tilia glabra. See Linden, American. 

. Tobacco— 
blossoms, symptoms of mosaic disease, 40, 5-7. 
leaves, symptoms of mosaic disease, 40, 4-5. 
mosaic disease, description, symptoms, etc., 40, 2-15. 
mosaic disease, experiments, etc., 40, 1-33. 

76572—15——2 
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Tobacco—Continued. 
1 mosaic disease, symptoms, 40, 2-7. 

plants, excision of mosaic branches, effect, 40, 22. 
pane inoculation with mosaic virus, experiments, 40, 7-9. 

Toothache bush. See Prickly ash. 
Toothache tree. See Prickly ash. 
Top working peach trees, crew work, 29, 11. 
Torches. See Mullein. 
Torchwort. See Mullein. 
Toxaway series, soil type, Virginia, description and crops suitable, 46, 17. 
TruE, Ropney H., and Tuomas B. Young, bulletin on “American-grown paprika 

pepper,’’ 43, 1-24. 
Tulips— 

growing at Bellingham bulb garden, management, quality, etc., 28, 17-20. 
propagation, harvesting, planting, etc., 28, 17-20. 

TuRRENTINE, J. W., bulletin on ‘‘Nitrogenous fertilizers obtainable in the United 
_ States,’’ 37, 1-12. 

Upland farm, run-down, cost, improvement, and profits, New York, 32, 16-21. 
Upland farms, improvement, practices on English farm, New York, 32, 10-21. ° 
Upland sumac. See Sumac, smooth. 
Uplands, crop rotation, 32, 14-16. 
eee series soil type, Virginia, description, note, 46, 9-10. 
tah— 

cereals, investigations at Nephi substation, 30, 1-80. 
Nephi experiment farm, plat experiments, management, 30, 11-32. 
Nephi experiment station, description, location, climate, etc., 30, 2-10. 

Vegetable growing— 
Alaska, note, 50, 11. 
on dairy farm, advantages, 32, 7-8. 

Velvet dock. See Mullein. 
Velvet plant. See Mullein. 
Verbascum thapsus. See Mullein. 
Victory oats, description, tests at Dickinson, N. Dak., 33, 27, 29, 30, 31. 
Vinegar tree. See Sumac, smooth. 
Virginia poke. See Pokeweed. 
Virginia, soil types, location and area, 46, 18-21. 
Virginia soils, descriptive catalogue of soils identified in soil survey, 46, 1-21. 
Virus, mosaic disease of tobacco, properties, 40, 23-24. 

‘*Walloon,’’ tobacco disease, note, 40, 1. 
Washington, Bellingham, Dutch bulb growing, experiments, 28, 1-21. 
Weed cotton, description, danger of hybridizing with other varieties, 38, 3. 
West Indian yellowwood. See.Prickly ash. 
wa Virginia, commercial orcharding, costs and results of crew work, 29, 1-24. 

eat— 
experiments in South Dakota (and with oats and barley), 39, 1-37. 
fertilizer, effect of manganese sulphate, experiments, 24, 20-21. 
good seed and cultural methods, effect on yield, comparison with poor seed and 

‘ methods, experiments, 39, 12. 
growing in Utah, experiments at Nephi substation, 30, 14-26. 
milling and baking tests, 15 varieties, 33, 23-24, 41. 
milling tests of different varieties, 39, 15. 
plants, effect.of manganese salts on growth, experiments, 42, 7-19. 
Scotch fife, varieties, description, yields, etc., 39, 13-15. 
South Dakota, production, acreage, yield, at different stations, etc., 1903-1912, 39, 

a Oe 
spring, varieties grown at Nephi experiment station, Utah, yields, 30, 25-26. 
varietal tests at different stations, South Dakota, 39, 8-12. 
varietal tests, plat experiments, 33, 13-24. 
“velvet chaff,’’ varieties, descriptions, etc., 39, 14-15. 
winter, varietal tests at Dickinson, N. Dak., 33, 24. , 
winter, varieties grown at Nephi experiment station, Utah, treatment, yields, 

etc., 30, 14-25. fs 
yields of 53 varieties at Dickinson, N. Dak., 33, 14-17. 

Wheat bunt, treatment of seed, 30, 43-48. 
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Wheats, relation of size of seed to value, tests of different varieties, 30, 37-43. 
Whistlewood.. See Linden, American, 
White lind. See Linden, American. 
White mustard. See Mustard, white. 
White Russian oats, description, tests at Dickinson, N. Dak., 33, 27, 30, 31. 
White sumac. See Sumac, smooth. 
Whitewood. See Linden, American. 
Wickham series, soil types, Virginia, description and crops suitable, 46, 15-16. 
Wickup. See Linden, American. 
Wild orange. See Prickly ash. 
WINCKELMANN, H., and others, bulletin on ‘‘The action of manganese in soils,’’ 42, 

1-32. 
Wisconsin, dairy cows, cost of raising, investigations, 49, 1-23. 
Wode-whistle. See Hemlock, poison. 
Wolfe, George W., statement on farming conditions, South Alaska, 50, 15-16. 
Woop, H. P., bulletin on ‘‘ Experiments in the use of sheep in the eradication of the 

Rocky Mountain spotted fever tick,’ 45, 1-11. 
Woollen. See Mullein. 
**Worming’’ peach trees for borers, importance, cost, 29, 11. 
Wormseed, medicinal uses, collection, prices, etc., 26, 4-5. 
Worsham series soil types, Virginia, descriptions aud crops suitable, 46, 6. 

» Yaroslav emmer, test at Dickinson, N. Dak., 33, 37. 
Yearlings, feeding, labor requirements, cost, records of Wisconsin farm, 49, 9-12. 
Yellow Hercules. See Prickly ash. 
Yellow mustard. See Mustard, white. 
Yellow prickly ash. See Prickly ash. 
Yellowthorn. See Prickly ash. 
Yellowwood. See Prickly ash. 
York series soil types, Virginia, descriptions and crops suitable, 46, 6. 
Youna, Tuomas B., and Ropney H. True, bulletin on “ Americau-grown paprika 

pepper,’’ 43, 1-24. 
Yukon drainage area, Alaska, description, navigation, agricultural lands, 50, 6. 

Zanthoxylum— 
americanum, See Prickly ash. i 
carolinianum, See Prickly ash. 
clava-herculis. See Prickly ash. 
Jrazincum. See Prickly ash. 
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AMERICAN MEDICINAL FLOWERS, FRUITS, AND 

SEEDS. 

By ALIceE HENKEL, 

Assistant, Econonic and Systematic Botany. 

INTRODUCTION 

While the greater number of plants employed for medicinal pur- 
poses are valued for their roots, barks, or leaves, some are useful on 
account of their flowers, fruits, or seeds. Such flowers, fruits, and 
seeds as seem to be in greatest demand at present are included in this 
builetin, and of the 13 mentioned 6 are listed as official in the STD 
Ssoonatll Revision of the*United States Pharmacopeeia. 

COLLECTION OF FLOWERS, FRUITS, AND SEEDS. 

Flowers bring the best price when, after drying, they retain as 
nearly as possible their natural color and odor. They should be 
gathered when they first open, or at least very soon afterwards, and 
no faded flowers must be included. In seeking to preserve the natural 
color the flowers should be carefully dried in the shade and prevented 
from becoming moist. 

Fruits or berries should be gathered at maturity and must be very 
carefully dried, so that they may not adhere to each other or become 
moldy. 

Seeds should be collected as they are ripening, just before the seed 
pods open or as they are about to open. They may be placed in 
trays and dried in the open air and shaken frequently to insure drying 
throughout. Bits of stems or leaves or shriveled seeds should, of 

course, be removed. 
When ready for shipment each lot may be carefully packed in 

sound burlap bags or in clean boxes. Samples should previously 
have been sent to drug dealers for their inspection, who should be 
informed also as to the quantity the prospective seller has to 

dispose of, 

9762°—13 
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Only approximate prices are mentioned herein for the purpose of 
giving the collector some idea concerning the possible range. Prices 
are constantly fluctuating, and it is therefore not possible to make 
any definite statement regarding them. Correspondence with drug 
dealers will bring the desired information in this respect. 

The medicinal uses are referred to only very briefly, and the state- 
ments made regarding such uses are based on information contained 
in various dispensatories and kindred publications. The bulletin here- 
with is not intended to give medical advice; this should be sought 
only from a physician. 

PLANTS FURNISHING MEDICINAL FLOWERS, FRUITS, AND SEEDS. 

Under each section are included the synonyms and pharmacopceial 

name, if any, the common names, habitat, range, descriptions, and 
information in re- 
gard to the collec- 
tion, prices, and uses 
of the parts in ques- 
tion. 

JUNIPER. 

Juniperus communis LL. 

Othercommonnames.— 

Fairy circle, hackmatack, 

horse savin, gorst, aiten. 

Habitat and range.— 

The juniper is of com- 

mon occurrence on dry, 

sterile hills from Canada 
south to New Jersey, west 

to Nebraska, and in the 

Rocky Mountains to New 

Mexico. 

Description.—Juniper 

is an evergreen shrub be- 

longing to the pine fam- 

ily (Pinacez), sometimes 

attaining the height of 

a small tree, with erect 

trunk and spreading 

branches, covered with 

a shreddy bark. The 

! spreading leaves are 
Fic, 1.—Juniper rica lei an tgs leafy branches and homie inieonIe Gnithres 

; and are straight and 

rigid, about one-fourth to one-half (rarely three-fourths) of an inch in length, 

awl shaped, with a sharp, prickly point; above they are grooved and of a bright- 

green color, while: underneath they are whitish. 



AMERICAN MEDICINAL FLOWERS, FRUITS, AND SEEDS. © 3 

The flowers are of two kinds, male and female, and are generally produced 

on separate plants, in April or May, the male flowers being borne in short, oval 

catkins, while the female flowers are arranged in a short cone, consisting of 

about five overlapping whorls. The fleshy, berrylike fruit which follows does 

not ripen until the second year. It is dark purple, covered with a pale-bluish 

bloom, roundish, and contains three bony seeds embedded in a brownish pulp. 

(Fig. 1.) 

Collection, uses, and prices.—The berries are used medicinally and should be 

collected when ripe, usually about October. They have an aromatic, somewhat 

spicy odor, and a pungent, turpentinelike, bitterish sweet taste. An oil, known 

as oil of juniper, is distilled from them, and is official in the Pharmacopeeia of 

the United States. The oil content seems to vary according to the sections 

from which the berries are obtained. Most of the juniper berries of commerce 

come from the southern portions of Europe. Juniper berries are employed medic- 

inally for their stimu- 

lant and diuretic prop- 

erties. They are used 

also for flavoring gin. 

The price at present 

paid for juniper berries 

is about 2 to 24 cents a 

pound. 

SAW PALMETTO. 

Serenoa serrulata 

(Michx.) Hook. f. 

Pharmacopoialname.— 

Sabal. 

Synonym.—Sabal serru- 

latum Roem. and Schult. 

Other common names.— 

Palmetto, dwarf pal- 

metto, fan palm. 

Habitat and range.— 

This palm is found in sandy soil from North Carolina and Arkansas to Florida 

and Texas. 

Description.—The saw palmetto is a fan-leaved palm, low and tufted, with 

a creeping, branching stem 4 to § feet long. The bright-green leaves are borne 

on a slender stalk edged with spines and are roundish in outline and fan 

shaped, the 15 to 30 divisions or segments slightly cleft at the top. (Fig. 2.) 

The spike (spadix) is thickly hairy, considerably shorter than the leaves, and 

the flowers are small and whitish. The fruit or drupe is oblong oval, about 

one-half to scarcely 1 inch in length, 1-seeded like an olive, reddish brown or 

blackish brown, and smooth, but somewhat wrinkled in drying. This plant 

belongs to the palm family (Phoenicacez). 

Collection, uses, and prices.—The partially dried ripe fruit is the part used 

in medicine and is official in the United States Pharmacopeia. The fruit 

ripens from October to December, but its collection is begun as early as August, 

before maturity, and extends into January. It is said to improve digestion 

Fic. 2.—Saw palmetto (Serenoa serrulata), showing creep- 

ing stem. 
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and is also used for neuralgic troubles and for allaying irritation of the mucous 

membranes. 

Saw-palmetto berries now bring about 25 to 27 cents a pound. 

WORMSEED. 

Chenopodium anthelminticum L. 

Synonym.—Chenopodium amnbrosioides anthelminticum A. Gray. 

Other common names.—Chenopodium, American wormseed, Jerusalem oak. 

Habitat and range.—Wormseed has been naturalized in this country from 

tropical America and 

occurs in waste places 

from New England to 

Florida and westward to 

California. : 

Description.— This 

common weed is an an- 

nual or sometimes a 

perennial belonging to 

the goosefoot family 

(Chenopodiacez) and it 

has a smoothish, much- 

branched stem about 2 

to 3 feet in height and 

oblong or lance-shaped 

leaves. The margins of 

the leaves are wavy 

toothed or almost un- 

broken. The lower 

leaves are about 1 to 3 

inches long, the nu- 

merous upper leaves 

being much smaller and 

usually tapering at both 

ends. The greenish flow- 

ers are produced from 

about July to Septem- 

ber, in crowded spikes 

mixed with leaves, and 

are followed by small, 

green, and roundish 

fruits. The entire plant 

has a strong, disagreeable odor, due to the essential oil which it contains. The 

fruits likewise have a very powerful odor. (Fig. 3.) 

Collection, prices, and uses.—The fruits are the part employed medicinally 

and were official in the Pharmacopceia for 1890. They are in the form of 

small grains, round but slightly flattened, about the size of a pinhead, and 

inclosing the small, shining black seeds. They have a green color and a disa- 

ereeable, strong, and penetrating odor which does not diminish in drying. The 

fruit is distilled for the oil, which it contains in large quantities. In the 

United States Pharmacopeia for 1890 the fruit alone was directed to be used 

Fic, 3.—Wormseed (Chenopodium anthelminticum), fruit- 

ing branches. 
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for the distillation of the oil, but the entire leafy part is sometimes employed 

for this purpose. Wormseed is cultivated to a considerable extent in parts 

of Maryland, where the distillation of the plant for the oil is carried on. 

Wormseed is used in medicine as an anthelmintic, that is, for expelling worms. 

The price of wormseed at present ranges from about 8 to 10 cents a pound, 

and oil of wormseed is quoted at from $2.25 to $2.50 a pound, wholesale. 

POKEWEED. 

Phytolacca americana I. 

Synonym.—Phytolacca decandra lL, 

Common names.—Poke, Virginian poke, pigeon berry, garget, scoke, pocan, 

coakum, inkberry, red inkberry, American nightshade, cancer jalap, redweed. 

Habitat and range.— 

Pokeweed is common in 

rich, moist soil along 

fences, margins of fields, 

and in uncultivated land 

from New England to 

Minnesota, south to Flor- 

ida and Texas. It has 

been naturalized in Hu- 

rope and is there re- 

garded as an ornamental. 

Description, —The 

large perennial root of 

pokeweed sends up stout, 

smooth, erect, and 

branched stems from 3 

to 9 feet in height, which 

at first are green and 

then reddish. Its leaves 

are rather large, smooth, 

and borne on short stems ; 

they measure about 5 

inches in length and 2 

to 3 inches in width, 

ovate or ovate oblong in 

outline, pointed at the 

apex, and with unbroken 

margins. Numerous 

whitish flowers are pro- 

duced from about July 

to September, borne on 

reddish stems in long- 

stalked clusters about 3 to 4 inches in length, followed by dark-purple berries. 

Poke berries are roundish, flattened at both ends, smooth and shining, and con- 

tain black seeds embedded in a rich, crimson juice. (Fig. 4.) Pokeweed belongs 

to the pokeweed family (Phytolaccacez). 

Collection, uses, and prices.—The berries are collected when fully mature, 

about two months after flowering, and the clusters carefully dried in the 

shade. Poke berries have no odor, and the taste at first is sweetish, then 

Fie. 4.—Pokeweed (Phytolacca americana), flowering and 

fruiting branches, also root and section of root. 
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acrid. They are poisonous. Used medicinally they have alterative properties 

and are used in treating various diseases of the skin and blood; they act 

upon the bowels and also cause vomiting. The root is likewise used in medicine 

and is at present official in the United States Pharmacopeia. 

The price of poke berries ranges from 38 to 4 cents a pound. 

BLACK MUSTARD. 

Brassica nigra (.) Koch, 

Pharmacopeial name.—Sinapis nigra. 

Synonym.—Sinapis nigra L. 

Other common names.—Red mustard, brown mustard, cadlock, kerlock, senvre, 

scurvy. 

Habitat and range.—Black mustard has been introduced from Europe and 

is a common weed in cultivated ground and waste places almost throughout the 

United States, being especially troublesome in grain fields and pastures. Both 

black and white mustards are cultivated on a commercial scale in California. 

Description.—The lower part of the stems and branches of black mustard is 

more or less covered with bristly hairs, while the upper portion of the rather 

stiff green stem is usually smooth. Black mustard, which is an annual belong- 

ing to the mustard family (Brassicacee), grows about 2 to 6 feet in height. 

Tt has dark-green leaves, rough with bristly hairs. The lower leaves are 

slender stemmed, deeply lobed, the terminal lobe being the largest and the 

two or more lateral ones smaller, the margin toothed all around. The leaves 

toward the top of the plant are shorter stemmed or stemless and are lance 

shaped and slightly toothed. 

The bright-yellow flowers appear in clusters at the ends of the stems and are 

produced from about June to September. The flowers measure scarcely a 

quarter of an inch in diameter and consist of four spreading petals, each with 

a rounded blade and narrow claw. Alternating with the petals are the pale- 

green sepals or calyx lobes. Numerous erect pods are produced from July 

to November, crowded against the stem in dense, narrow clusters. The pods 

are narrowly linear, about an inch in length and four sided, smooth, with a 

slender beak at the apex. The seeds contained in the pods are very numerous, 

small and roundish, blackish or reddish brown, and finely pitted. 

Collection, uses, and prices.—When the pods are nearly ripe, but before they 

are ready to burst open, the tops may be pulled. These pods should then be 

placed on a clean, dry floor or shelf, allowing them to mature and dry out, 

when they will spring open and the seeds can be shaken out. Black mustard 

seeds are official in the United States Pharmacopeeia, 

When collected, or even when it is powdered in its dry state, mustard has no 

odor whatever, but aS soon as water is added when it is ground the strong, 

penetrating mustard odor is developed. Mustard has a sharp and pungent 

taste. 

Black mustard is very much used as a counterirritant, being applied to painful 

surfaces in the form of a poultice, causing reddening of the skin and blistering 

if kept on too long. It is also used internally for its emetic and laxative 

action. 

Black-mustard seed brings about 2 to 4 cents a pound. 
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WHITE MUSTARD. 

Sinapis alba L. 

Pharmacopa@ial name.—Sinapis alba. 

Other common names.—Yellow mustard, charlock, kedlock, senvre. 

Habitat and range—White mustard is a weed, naturalized from Europe and 

found in cultivated fields and waste places, but not so abundant nor so widely 

distributed as the black mustard. It is cultivated on a commercial scale in 

California. 

Description—This annual plant, while much resembling the black mustard, 

is smaller, reaching only about 1 to 2 feet in height, and is also of a brighter 

green color. It is more or less hairy, with. stiff, spreading hairs. The lower 

leaves are 6 to 8 inches in length, with toothed margins, deeply lobed, the divi- 

sions reaching to the midrib, the terminal lobe large, and those at the sides 

smaller. The upper leaves are lance shaped and somewhat toothed. The 

surface of the leaves is 

rough hairy. The flowers 

are considerably larger 

than those of black mus- 

tard and of a lighter yel- 

low color. The pods are 

rough hairy, contracted 

between seeds, and have 

a long beak. In the white 

mustard these pods are 

spreading, instead of being 

pressed against the stem 

as is the case in black 

mustard, and the seed, 

which is roundish, pale 

yellowish, and very mi- 

nutely pitted, is also 

larger. (Fig. 5.) 

Collection, uses, and 

prices.—The seeds, which 

are official in the United 

States Pharmacopeeia, are 

collected in the same man- 

ner as those of black mus- 
tard; that is, the fruiting Fie. 5.—White mustard (Sinapis alba) plant, showing 

tops should be gathered HOME TSH aS er ands: 

before they are fully ripe and placed in a clean place to mature and dry, after 

which the seeds can be easily shaken out. 

White-mustard seed is likewise used in the preparation of plasters and poul- 

tices, and internally for its laxative and emetic properties. 

Like black mustard, these seeds do not develop the mustard odor until water 

is added when they are ground, but it is not aS pronounced in these, neither 

is the taste as pungent. : 

The price is about the same as for black mustard, ranging from 2 to 4 cents 

a pound. 



8 BULLETIN 26, U. S. DEPARTMENT OF AGRICULTURE. 

RASPBERRIES. 

(1) Rubus occidentalis L., and (2) Rubus strigosus Michx. 

Synonyms.—(1) Rubus idacus var. americanus Torr.; (2) Rubus idaeus var. 

strigosus Maxim. 

Other common names.—(1) Black raspberry, thimbleberry, blackecap, Scotch 

cap, wild purple raspberry; (2) wild red raspberry, American red raspberry. 

Habitat and range.—The black raspberry (R. occidentalis) grows along the 

borders of woods and in-rocky thickets from Canada south to Georgia and 

Missouri, while the red raspberry (2. strigosus) is found in dry or rocky situa- 

tions from Canada to North Carolina and New Mexico. 

Descriptions.—The raspberries .are so well known that a full description 

seems unnecessary. However, the black raspberry has recurved, canelike 

. stems, which root at the tips and are covered with a bloom. These canes some- 

times reach 12 feet in length and are furnished with hooked prickles. The 

leaves consist generally of three leaflets, oval in outline, pointed, and coarsely 

double toothed, whitish hairy underneath. The black raspberry is in flower 

about May to June, and the well-known purplish black fruit ripens in July. 

The wild red raspberry is a more shrubby plant, about 3 to 6 feet in height, 

its stems being thickly furnished with bristles. The leaflets, three to five in 

number, are oval or oval oblong, long pointed, sharply toothed, and measure 

about 1 to 8 inches in length and are also whitish hairy on the lower surface. 

It is in flower from about May to July and ripens its light red fruit from July 

to September. Both species are found in cultivation. Raspberries belong to the — 

rose family (Rosacee). 

Collection, uses, and prices.—The fruits of these plants are collected when 

ripe and are used for their refrigerant and somewhat laxative properties. 

Their chief use, however, is to furnish a sirup. By allowing the juice of the 

fruit to ferment, a pleasant wine is obtained, which is much used in a domestic 

way for bowel complaints. 

The wholesale price of dried raspberries may range from 25 to 30 cents or 

more a pound. 

PRICKLY ASH. 

(1) Zanthorylum americanum Mill, and (2) Zanthoxylum clava-herculis LL. 

Synonyms.—(1) “Zanthoxrylum frarineum Willd.; (2) Zanthorylum caro- 

linianum Lam.; Fagara clava-herculis (.) Small. 

Other common names.—(1) Northern prickly ash, toothache tree, toothache 

bush, yellowwood, angelica tree, pellitory bark, suterberry; (2) southern prickly 

ash, toothache tree, Hercules’-club, yellow Hercules, yellowthorn, yellowwood, 

yellow prickly ash, prickly yellowwood, West Indian yellowwood, sea ash, 

pepperwood, wild orange. 

Habitat and range.—The northern prickly ash is found along river banks, 

in woods and thickets, from Virginia, Missouri, and Nebraska northward to 

Canada; the southern prickly ash occurs along streams from southern Vir- 

ginia to Florida, west to Texas and Arkansas. 

Description. Both of these species are native in this country and are mem- 

bers of the rue family (Rutacewe). The northern prickly ash is not a large 

tree, rarely exceeding 25 feet in height, and is most frequently found reaching 

only 10 to 12 feet, its branches being furnished with brown, cone-shaped 

prickles, The leaves consist of from 5 to 11 oval, practically stemless leaflets 
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14 to 2 inches long, with somewhat pointed apex and wavy-toothed or unbroken 

margins; they are dark green above and paler green underneath. The leaflets 

are somewhat hairy when young, but later they become smooth or, at least, 

are only slightly hairy. About April or May, before the leaves are out, the 

greenish yellow flowers appear, crowded together in small stemless clusters 

in the axils of the branches. 

The seed capsules are roundish or somewhat oval, wrinkled or pitted, green- 

ish red, and with a lemon odor. One or two shining black seeds are contained 

in each capsule. 

The southern prickly ash is generally taller than the northern, but rarely 

exceeds 45 feet in height, ‘and sometimes occurs only aS a shrub. The bark 

of the trunk is of a slate-gray color, and the entire tree is covered with sharp 

spines. All of these spines have broad corky bases, which on the trunk remain 

after the spines or prickles have fallen away. The spines on the leaf stems 

and branches are larger than those of 

the trunk. ' 

The leaves consist of 5 to 17 leaf- 

lets, 14 to 3 inches long, ovate lance 

shaped in outline, pointed at the top, 

and with uneven sides furnished with 

wavy-toothed margin; the upper sur- 

face is smooth and shining and the 

lower side dull. The numerous small, 

greenish white flowers are produced 

after the leaves have appeared, in 

large clusters at the ends of the 

branches, not in the axils of the 

leaves as in the northern prickly ash. 

The wrinkled seed capsules are round- 

ish obovoid and contain roundish ob- 

long, black, and coarsely wrinkled 

seeds. (Fig. 6.) 

Collection, uses, and prices.—The 

berries are gathered at time of ma- 

turity. As found in the stores they 

consist of the open, valved, brownish 

capsules, sometimes with the seed still 

inclosed, but generally it has shattered !%6- 6.—Southem prickly ash (Zanthoxy- 
5 lum clava-herculis), leaves, fruits, and 

out. They have an aromatic odor, a branchlet showing prickles. 

pungent, aromatic taste, and are used 

mnedicinally for their stimulant, carminative, and antispasmodic properties. 

The bark of both of the foregoing species is employed medicinally and is at 

present official in the United States Pharmacopeia. 

The present wholesale price of prickly-ash berries is quoted at 19 cents a 

pound. 

SMOOTH SUMAC. 

Rhus glabra L, 

Pharmacopeial name.—Rhus glabra. 

Other common names.—Mountain sumac, upland sumae, scarlet sumac, sleek 

sumae, white sumac, Pennsylvania sumac, shoe-make, vinegar tree, senhalanac. 
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Habitat and range.—Smooth sumac occurs in dry soil, thickets, and waste 

grounds nearly throughout the United States and Canada. 

Description.—Although sometimes attaining the height of a small tree, the 

smooth sumac is more frequently found as a rather handsome shrub 2 to 12 

feet high, with smooth, brownish gray trunk and branches. It belongs to the 

sumac family (Anacardiacee) and is an indigenous perennial. Its leaves are 

very long, from 1 to 8 feet, and consist of from 11 io 31 leaflets, each leaflet 

being about 2 to 4 inches in length and about half as wide. The leaflets are thin 

in texture, lance shaped, 

with a long-pointed apex 

and rounded base, and 

sharply toothed margins; 

they are smooth, dark 

green on the upper sur- 

face, and whitish under- 

neath. Smooth sumac is 

in flower from June to 

August, the greenish yel- 

low flowers being borne 

in large, dense pyramidal 

clusters at the ends of 
the branches. 

The fruit is flattened 

roundish, and covered 

with short, crimson hairs, 

which are very sour. Hach 

fruit or berry contains a 

smooth, 1-seeded stone. 

(Fig. 7.) 

Collection, uses, and 

prices.—The dried fruit of 

the smooth sumac is offi- 

cial in the United States 

Pharmacopeia and should 

be gathered while the 

downy covering is still on 

the berries, which gives 

to them their acid taste. 

Fic. 7.—Smooth sumac (Rhus glabra), leaves and cluster They have no odor, but 

of fruits. are very acid and astrin- 
gent. Their principal use seems to be as a gargle in inflamed throat. The bark 

is also used in medicine. The berries bring about 5 cents a pound. 

AMERICAN LINDEN. 

Tilia americana I. 

Synonyms.—Tilia glabra Vent.; Tilia canadensis Michx. 

Other common names.—Basswood, whitewood, bast tree, black lime tree, 

American lin tree, American lime tree, bee tree. daddynut tree, monkeynut tree, 

whistlewood, white lind, red basswood, yellow basswood, wickup. 
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Habitat and range.—This native forest tree is found in rich Woods, especially 

along the mountains, from Canada to Georgia, west to Texas and Nebraska. 

Description.—The American linden attains great size, from 60 to 125 feet in 

height, with a trunk diameter of 2 to 5 feet,’ and spreading branches. The 

leaves are somewhat leathery in texture, smooth on both sides or sometimes 

hairy on the veins of the under side. They are obliquely oval in outline, with 

sharply toothed margin, pointed at the apex, and heart shaped at the base, 

and are borne on stems 

about an inch or two in 

length. 

From about May to 

June the tree is loaded 

with drooping clusters of 

6 to 20 yellowish, very 

fragrant flowers. Atthe 

base of each flower 

cluster and partly grown 

to it is a large bract 

(or leaflike part) 2 to 4 

inches in length, very 

pale green, and strongly 

veined. The fruit is 

roundish, greenish gray, 

dry and woody, and con- 

tains one or two seeds. 

(Fig. 8.) This tree be- 

longs to the linden fam- 

ily (Tiliacez). 

Collection, uses, and 

prices.—The flowers are 

the parts employed me- 

dicinally. These are col- 

lected in May or June 

and carefully dried in the 

shade. The very sweet 

odor is lost in drying. 
: : ~*~ Fie. 8.—American linden (Tilia americana), leaves, flowers 

The taste is mucilagi- Rin eeRaits 2 , ; 
nous and sweetish. 

An infusion of the flowers has been very much used as a domestic remedy for 

headaches, indigestion, and for breaking up colds. The flowers of other species 

of linden are also employed. 

Linden flowers at present are quoted at 35 cents a pound. 

POISON HEMLOCK. 

Conium maculatum L. 

Pharmacopeial name.—Conium. 

Other Common names.—Spotted parsley, spotted cowbane, poison parsley, St. 

Bennet’s-herb, bad-man’s-oatmeal, wode-whistle, cashes, bunk, heck-how, poison 

root, spotted hemlock, spotted conium, poison snakeweed, beaver poison. 
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Habitat and range.—Naturalized in this country from Europe, this poisonous 

weed is now rather common in waste places and along roadsides, principally in 

the Eastern and Middle States. 

Description.—Poison hemlock is a very dangerous weed, the close resemblance 

of the leaves to those of parsley often causing it to be mistaken for the latter, 

with fatal results, all parts of the plant being extremely poisonous. It belongs 

to the parsley family (Apiacez). 

It is a biennial plant, with hollow, smooth, purple-spotted stem about 2 to 6 

feet in height, much branched, and large, parsleylike leaves. About June or 

July rather showy, flat- 

topped clusters of nu- 

merous small, white flow- 

ers are produced, meas- 

uring about 1 to 3 inches 

across. The fruit, which 

ripens in August and Sep- 

tember, is grayish green, 

about one-eighth of an 

inch in length, ovate, 

flattened on the sides, 

and ribbed. (Fig. 9.) 

The entire plant has a 

disagreeable mouselike 

odor, which becomes es- 

pecially noticeable when 

the plant is bruised. 

Collection, uses, and 

prices.—The fruit of the 

poison hemlock is official 

in the United States 

Pharmacopeeia, and must 

yield, when assayed by 

the pharmacopeceial proc- 

ess, not less than 5 per 

cent of conin. It should 

be collected while still 

green but full grown, 

about August or Septem- 

ber, carefully dried in a 

dark but well-ventilated 

place, and stored in tight 

cans or boxes so that no light or air can reach it. The odor is not very pro- 

nounced, except when the fruit has been bruised, when the mousy odor becomes 

noticeable. The taste is disagreeable and somewhat acrid. Poison hemlock is 

not fit to be used after having been kept for more than two years. It is a very 

poisonous drug and is used in excited conditions of the nervous system and in 

rheumatism, neuralgia, and asthma. The leaves of the poison hemlock are also 

employed medicinally. 

Poison hemlock fruits bring about 8 to 9 cents a pound. 

Fic. 9.—Poison bemlock (Conium maculatum), ‘eaves, flow- 

ers, and fruits. 
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JIMSON WEED. 

Datura stramonium UL. 

Other common names.—Stramonium, Jamestown weed, Jamestown lily, thorn 

apple, devil’s-apple, devil’s-trumpet, mad-apple, apple of Peru, stinkweek, stink, 

fireweed, dewtry. 

Habitat and range—Jimson weed is a common plant of fields and waste 

places, occurring throughout the country, with the exception of the North and 

West. It is native in the Tropics and widely scattered in nearly all warm 

countries. 

Description.—This very common, ill-scented weed is a poisonous plant belong- 

ing to the nightshade 

family (Solanacez). It 

is an annual of rather 

rank growth, with stout, 

yellowish green stems 

about 2 to 5 feet high, 

much forked and leafy. 

The thin, smooth leaves 

are veiny, dark green 

above and paler green on 

the under surface, and 

rather large, measuring 

from 3 to 8 inches in 

length ; the apex is point- 

ed and the margins are 

irregularly waved and 

toothed, usually narrow- 

ing toward the base. 

Jimson weed produces 

rather large, showy flow- 

ers from about May. to 

September, each measur- 

ing about 3 inches in 

length, white and funnel 

shaped, and having a 

strong odor. The seed 

pod consists of a dry, 

oval, prickly capsule, 

which when ripe bursts 

open into four valves con- 

taining numerous seeds 

having a _ disagreeable 

odor when fresh. The seeds are dull black, about one-sixth of an inch in 

length, kidney shaped, flattened, wrinkled, and marked with small depressions. 

(Fig. 10.) 

Collection, uses, and prices.—For the collection of the seeds the capsules 

should be cut from the plants when fully ripe but still green. These capsules 

or seed pods should then be dried and after a few days they will burst open, 

when the seeds can be readily shaken out. The seeds should now be thinly 

spread out and carefully dried. Jimson weed or stramonium seeds are poison- 

ous, like the leaves, and are used principally in asthmatic troubles. They bring 

about 6 to 7 cents a pound. The leaves are also used medicinally and are 

official in the United States Pharmacopeeia. 

Fic. 10.—Jimson weed (Datura stramonium), leaves, flow- 

ers, and seed pods. 
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Fic. 11.—Maullein (Verbascum thapsus), flowering plant. 

MULLEIN. 

Verbascum thapsus L. 

Other common names.— 

Common mullein, great 

mullein, mullein dock, 

velvet dock, Aaron’s-rod, 

Adam’s-flannel, old-man’s- 

flannel, blanket-leaf, bul- 

lock’s lungwort, cow’s 

lungwort, clown’s lung- 

wort, candlewick, _felt- 

wort, flannel-leaf, hare’s- 

beard, hedge taper, hog 

taper, ice-leaf, Jacob’s- 

staff, Jupiter’s-staff, 

lady’s foxglove, Peter’s- 

staff, shepherd’s-club, 

torches, torchwort, velvet 

plant, woollen. 

Habitat and range.— 

Mullein is a weed found 

in fields, pastures, along 

roadsides, and in waste 

places, its range extend- 

ing from Maine to Minne- 

sota and southward. It 

is also spreading in the 

Western States. 

Description.—It is not 

a difficult matter to rec- 

ognize this plant, with 

its tall, straight stem, its 

large felty or flannellike 

leaves, and its long, dense 

spike of yellow flowers. 

(Fig. 11.) Mullein is a 

member of the figwort 

family (Scrophularia- 

cee) and is a biennial, 

producing during its first 
year only a rosette of 

downy leaves, followed 

from June to August of 

the second year by the 

long flowering stalk with 

its close clusters of gold- 

en-yellow flowers. 

The stout, densely hairy, 

erect stem of the mullein 

plant reaches a height sometimes of 7 feet. The leaves, which, with the excep- 

tion of the basal ones, are stemless, are placed ajternately along the stem; they 
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are from 4 to 12 inches in length, thick and rough, with dense, felty hairs above 

and below, oblong in outline and pointed at the top, their margins extending 

winglike down the stem. The sulphur-colored corolla of the mullein flowers 

is wheel shaped and five lobed, with rounded, somewhat unequal lobes, and, as 

stated, the flowers are densely crowded in an elongated, cylindrical, narrow 

spike. They have a honeylike odor. 

Collection, uses, and prices.—The flowers are used medicinally, that is, the 

corolla, the other parts being discarded. These are collected when about fully 

open, but before the pet- 

als are ready to drop. 

They have a sweetish 

odor and a mucilaginous, 

sweet taste. 

Mullein is used for the 

relief of coughs and ca- 

tarrhs and also in diar- 

rheal complaints. The 

leaves are similarly em- 

ployed. Mullein flowers 

are listed wholesale at 

from 70 to 80 cents a 

pound. 

ELDER. 

Sambucus canadensis L. 

Other common names.— 

American elder, sweet el- 

der, Sambucus, elder flow- 

ers, elder blows. 

Habitat and range.— 

The elder bush is found 

in rich soil and low, 

somewhat damp ground 

from Canada southward 

to Florida and Arizona. 

Description.—Hlder is 

an indigenous shrub and 

is a member of the honey- 

suckle family (Caprifo- 

liacee). The deliciously sweet odor given off by the large flat clusters of 

ereamy white flowers when the bush is in full bloom is well known. The shrub 

attains a height of 6 to 10 feet, its light-gray, numerous stems being generally 

smooth and the younger ones contaning a large white pith. 

The leaves are rather large and consist of 5 to 11 oval leaflets borne on short 

stalks; these are pointed at the apex, smooth above and somewhat hairy on the 

veins beneath, and measure from about 2 to 5 inches in length, with margins 

sharply toothed. About June or July the flat-topped, fragrant clusters appear, 

composed of numerous small, five-lobed, wheel-shaped, creamy white flowers. 

The clusters of edible fruits which follow are black or a very dark purple, 

small, round, shining, and juicy. (Fig. 12.) 

Fie. 12. Elder (Sambucus canadensis), leaves, flowering 

and fruiting clusters. 
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Collection, uses, and prices.—The flowers and fruits are used in medicine, the 

flowers having been official in the United States Pharmacopeia for 1890. The 

flowers should be collected when fully opened and then quickly dried. They 

should have a nice yellowish color when dry, not a brownish or black appearance. 

The odor is not very strong in the dried flowers and the taste is mucilaginous 

and somewhat bitter. Elder flowers are used as a household remedy for their 

diuretic and diaphoretic properties and for poultices and ointments in the treat- 

ment of rheumatism, sores, burns, ete. The berries are occasionally used for 

their cooling, aperient, and diuretic properties. The inner bark is likewise 

sometimes employed in medicine. 

Elder flowers at present bring about 18 to 20 cents a pound. 
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BOUILLON CUBES: THEIR CONTENTS AND FOOD VALUE COM- 
PARED WITH MEAT EXTRACTS AND HOME-MADE PREPA- 
RATIONS OF MEAT. 

By F. C. Cook, 

Physiological Chemist, Animal Physiological Chemistry Laboratory. 

INTRODUCTION. 

As the true dietary value of commercial meat preparations, espe- 
cially bouillon cubes, fluid and semisolid meat extracts, commercially 
bottled meat juices, and similar preparations offered for sale, is not 
generally understood by the people, and as these articles are errone- 
ously believed to be convenient forms of concentrated meat, the 
Bureau of Chemistry has undertaken to determine their actual food 
value. Complete analyses have been made of ten of the leading 
brands of bouillon cubes manufactured in the United States and 
Germany, and collected on the New York market in 1912. One 
purpose of this investigation was to determine whether the term 
“bouillon,” which is defined as a broth prepared from meat, may 
justly be used for many of these cubes which, while not nutritious, 
have a certain value as a flavoring medium and as a stimulating and 
appetizing drink. 

Bouillon cubes as sold by most grocers are wrapped in tin foil, 
paraffin paper, or both. They will keep indefinitely, although cer- 
tain makes are likely to lose their form during warm weather. 

COMMERCIAL BOUILLON CUBES. 

The results of the analyses of these cubes are expressed in the 
accompanying tables and diagrams in common terms, as salt, water, 
fat, plant extract, and meat extract. It will be observed that com- 
mon salt is the greatest constituent, being from 49 to 72 per cent of 
the total weight of the cubes. The amount of meat extract present 
ranges from 8 per cent in the poorest brands to but 28 per cent in 
the best brands. The third important ingredient is plant or vege- 
table extract which constitutes from 3 to 30 per cent. This plant 
extract is useful because of its flavoring properties but has but shght. 
if any, nutritive value. The amount of meat stock or meat extract 

gg isaeeat 
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in the poorer cubes is small and the amount of salt and plant extract 
large. 

Table I makes it very clear that none of these cubes is a concen- 
trated beef juice or essence. The dietary value, as is apparent from 

the table and from 
the figures, 1, 2, and 9 
(p. 6), lies largely in 
the fact that they act 

MEAT EXTRACT 28% aS a stimulant. As 
PLAT ExrRacr 475ye they also contain a 

small amount of pro- 
tein (muscle-building 
substances) in the 
meat extract, they 

may be said to possess shght nutritive value. Most of these cubes 
have no advertised claim to be concentrated beef broth or essence. 
Many people, however, believe them to be highly concentrated meat 
and therefore to 
possess a high nutri- 
tive value, especially 
for invalids, but this 
is not true. 
As the meat ex- 

tract is the element 
which provides any 
nutritive value these 
cubes possess, it is 
apparent that the cubes numbered 1 to 5 have slightly greater nutri- 
tive value than the cubes numbered 6 to 10, the latter being made 
largely from plant extract, salt, and flavoring substances. 

FAT & WATER 5.25% 

SALT 62% 

Fic. 1.—Best grade bouillon cube (25 cents a dozen). 

AT & WATER §.50Ye 

SALT 72% 

MEAT EXTRACT 8./62-Ye 
PLANT EXTRAGT U.335Ye 

Fie. 2.—Poorest grade bouillon cube (15 cents a dozen). 

TABLE I.—The composition of commercial bouillon cubes. 

Approxi- | A pproxi- 
oe Tae mate 

Cube : : ater | amount | amoun No.l Source of manufacture. Salt. and fat. | of meat | of went 

extract | extract 
present. | present. 

Per cent. | Per cent. | Per cent. | Per cent. 
Ly SO mitedi States ...2 Seer teh eee Se See Ee Se tict- 62 5.2 28 \ 4.75 
PANS CSS a 0th See eerie orrccs- - Sasaner ees m aaa sot Saebere 65 9 23 3 
B41) Wmtited Mbateny tases oth MC RE ks 65 8 1S 9 
Bel es ere (6 (em a rain ect pe ERE anes rN ANE) Aaa Ae 67.5 5 17.8 | 9.7 
Hilive Be GGeet sSo yh ete eRe 2 TR Re Se RE 59. 2 7 17.8 16 
Gulia. 3- (0 SRE ee TS. . See Sen ey <2 - Saranm gee 49.25 5.75 15. 33 29. 66 
TES Dyer SEA Soe lee: Fae eet tere ee een 53 4.1 14.6 28.3 
Syl Gerri ys areas aay see SME Arf inl sibis at ene eae Coie ald 72 5.5 14 | 8.5 
Pil UnitediStates. Shee 22). REEL. TiS ee eT 7285 8.5 8.33 | 10. 92 

1) el ee do.. De tts Te o - a acres so ietanie Stetaracs cote oe 72 8.5 8.17 | 11. 33 

1 Cubes arranged in table in order of content of meat extract. 
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BOUILLON CUBES: THEIR CONTENTS AND FOOD VALUE. a 

COMPARISON OF NUTRITIVE VALUE AND COST OF BOUILLON CUBES 
WITH SEMISOLID MEAT EXTRACT, FLUID MEAT EXTRACT, AND 

COMMERCIAL MEAT JUICE. 

SEMISOLID MEAT EXTRACT. 

The ordinary meat extracts sold on the market in jars contain 
from 45 to 65 per cent of meat extract, 15 to 25 per cent of water, 

5 to 20 per cent of salt, and 10 to 20 per cent of ash other than salt. 
The best meat ex- 
tracts, therefore, 
contain more than 
twice as much meat 
extract as the best of 
the bouillon cubes, 
and one-tenth as 
much of the table 
salt. Bouillon cubes 
are commonly made 
from semisolid meat 
extracts by the addition of varying amounts of plant extracts, 
salt, and flavoring matter. 

The cost of semisolid meat extracts at retail is 45 cents for 2 
ounces or more. The bouillon cubes on the market are sold at 
from 1 to 2 cents each and it takes from 15 to 20 cubes to weigh 2 
ounces. This would make the cost of 2 ounces of bouillon cubes 25 
to 40 cents. It is, therefore, apparent that the cubes which contain 
about two-thirds salt and never more than 28 per cent meat extract, 

are an expensive form 
FAT O53 % of securing meat ex- 
WATER 2/8E% tract. The 45 cents, 

: <— SALT 18.32% if spent for semisolid 
J - ASH OTHER THAN SALT 1260% neat extracts, will 

\ purchase two to three 
Sree times the amount of 

meat extract that 

haat iy it is possible to ob- 
Fic. 4.—Poorest grade semisolid meat extract (535 cents 3 

age 2s, aeRO) tain for the same 

money in the form 
of bouillon cubes. Those wishing to make bouillon from the 
semisolid meat extract can do so at practically no additional 
cost by adding salt to the extract and water to suit their own 
taste, making a bouillon of greater value at a much smaller cost, 
which differs from the commercial bouillon prepared from cubes 
only in that it does not contain plant extract and does not 
have the special flavor characteristic of the cube. Bouillon pre- 
pared in this way possesses stimulating value equal to or greater 

FAT 0.94 Yo 
WATER 21.14 Ye 

SALT 3.// Yo 

ASH OTHER THAN GALT 17-92% 

IMIEAT EXTRACT 56.89 % 

Fic. 3.—Best grade semisolid meat extract (45 cents 

for 2 ounces.) 

MEAT EXTRACT FE.69% 
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than that prepared from the more expensive commercial cubes. As 
1 flavoring agent the semisolid meat extracts are added to gravy and 
soup and are better than bouillon cubes because the soup, when pre- 
pared from vegetables, already contains the flavoring derived from 
the vegetables. 

FLUID MEAT EXTRACT. 

Fluid extracts of meat are a more expensive product than the 
semisolid meat extracts. Commercial fluid-meat extract consists of 
at least one-half water and is sold at about the same price, volume 
for volume, as the semisolid meat extract which contains not more 
than 25 per cent of water. 

COMMERCIAL MEAT JUICES AND OTHER LIQUID MEAT PREPARATIONS. 

Commercial meat juices and other liquid meat preparations are 
also expensive dietary products when the amounts of food 

actnally present in 
them are consid- 
ered. One reason 

FAT 0.04. for this is that in 
als 49.94% making these com- 

mercial juices the 
SALT 702% coagulable protein, 

ASH OTHER THAN SALT G89% °F muscle - building 
food elements, 

MEAT EXTRAGT 34.11% which are pressed 
out of meat and are 

present in freshly 
Fic. 5.—Best grade fluid meat extract (85 cents for 2 made meat juice, are 

ounces). ; 

partly or entirely 
removed by the manufacturer in order to make a product which 
will keep. Therefore, the most valuable food elements of the meat 

juice usually do not 
reach the consumer. 

These commercial 

meat-juice prepara- 
tions cost from 50 
to 75 cents for 2 
ounces of liquid, 
which makes them 

much more expen- 

sive than the semi- 

solid meat extracts. 

These commercially 
prepare d meat lic, 6.—Poorest grade fluid meat extract (40 cents 

j u i ces are fre- for 33 ounces). 

quently fluid extracts of meat 
solid meat extracts. 

FAT 0.09 Ye 
WATER 5775 % 

—SALT 8.27% 
AGH OTHER THAN SALT BIS Ye 

IIEAT EXTRACT 24.93 Ye 

that is, dilute solutions of the semi- ee 



BOUILLON CUBES: THEIR CONTENTS AND FOOD VALUE, 5 

COMPARISON OF THE FOOD VALUE AND COST OF A HOMEMADE 
BEEF BROTH AND A HOMEMADE MEAT AND VEGETABLE SOUP WITH 

BOUILLON CUBES, SEMISOLID MEAT EXTRACTS, AND SIMILAR 
PREPARATIONS. 

To determine how the cost of meat extract obtained in bouillon 

cubes, semisolid meat extracts, and other meat preparations compares 
with homemade beef broth, and meat and vegetable soup, the in- 
vestigator prepared 
two kinds of home- — 
made soup, keeping 
careful account of the 

KAT 4.72% 

actual cost. WATER 95.42% 

BEEF BROTH. 

Two half- pound “SALT 1.07 Ye 
. So portions of ground WEA T & MEAT EXTFIACTIVES 1.2/ Yo 

Fic. 7.—Cup of homemade beef broth ready to serve; 

beef were bought for prepared especially for children and invalids; more 
13 cents each, or at the nutritious than the commercial preparations (44 

A cents a cup). 
rate of 25 cents per 
pound, a high price for this meat. One pint of cold water was 
added to each lot. The mixtures were stirred and allowed to stand 
in the cold for 15 minutes. They were then placed on the stove and 
brought to a boil. A pinch of salt was added. The broth, which 
contained some of the smaller particles of the meat, amounted to 1 
pint or 3 cups. The price, therefore, using expensive meat of this 
kind, would be about 44 cents per cup. This cost, of course, could be 

greatly reduced by 

purchasing the meat 
TAT BETH at a lower - priced 

WATER &24/Ye market, or using a 
less expensive cut. 

SALT 7.04% ‘ one Pe GER Stage Analyses of the broth 
UE TEED ee. are given in Table II. 

MEAT &- EAT E : ae 
eS In Table III it is 

Fic. 8.—Cup of homemade meat and vegetable soup ready geen that the amount 

to serve; acheap and nutritious food (14 centsa cup). 
of meat and extrac- 

tives thus obtained, one-sixth of an ounce, for 10 cents, was as 
cheap as the meat extract in many of the commercial preparations. 
In addition, this broth contained all the fat of the meat which is 
a valuable food and which is eliminated from ordinary commercial 
meat extracts. The meat, after the soup is made, is available for the 
preparation of hash or other food and thus still further reduces the 
actual cost of the meat broth. 
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TABLE II].—Analyses of homemade meat preparations. 

| 
” Meat | Vegetables 
Sam- ; " voga, | Undeter- 
ple | Substance. Water.| Fat. | Ash. | Salt. and mage an os mined 

No. | | tives. | tractives, | Material- 
= ee ee —— | —S eS) | as —— 

| Per | Per Per Per 
cent. | cent. cent. cent. | Per cent.| Percent. | Per cent. 

i -/.aBe@ef brothicjc i.45.40 Se tee ce oes OF 44 ie RZ 1.45 1.07 ie Diy eee } 0.18 
PA Sse (6 (0 Pe ee a i a 94.26 2:49 1.33 } 93 UGS) seeeee ae .29 
3 | Meat and vegetable soup......| 88.41 3. 27 1.47 1.04 1.02 0.79 15.04 
4 jnreee COs oo ctekie oe caweleh ae nae 88. 22 5.12 1.55] 1.16 .94 ti 13.38 

{ | 

1 Largely cellulose or vegetable fiber. 

MEAT AND VEGETABLE SOUP. 

Meat and vegetable soups were prepared in the laboratory accord- 
ing to the following recipe and cost schedule: A soup bone weighing 
24 ounces, one-third of which was meat, was purchased for 10 cents. 

After being washed it. 
was placed in a large 
kettle with 3 pints of 
cold water and was 

FAT - Trace WATER 9778 Yo heated for three 
hours, when the bone 
and meat were re- 

SALT 1.48 Yo moved. One - fourth 
PLANT EXTRACT 0./4 Yo oi kv Samet Meera dat 

WMIEAT EXTRACT 0.60 Yo : : 
Fic. 9.—Cup of bouillon prepared by dissolving 1 cube in cabbage, 1 onion, 1 

a cup of water ; largeiy water and salt but has flavoring carrot, a large potato, 

and stimulating value (1 to 2 cents a cup). 
and 2 small tomatoes, 

all costing about 5 cents, were chopped and added to the soup. The 
mixture was boiled for one hour, thickened slightly with a little flour, 
and seasoned with salt and pepper. This furnished enough soup for 
a family of five at a 
cost of approximately 
16 cents, not counting 
fuel. This homemade 
soup, in addition to 
containing meat ex- 
tractives, contained 
gelatin from the bone 1 aah 

and some of the food T,0— C80, of noullon preprmd tx almatving ne 
elements in the vege- semisolid meat extract in a cup of water; largely water 

tables. It also con- but has flavoring and stimulating value (1 cent a cup). 

tained a large proportion of the fat of the meat and bone. Table IT, 
which shows the composition of homemade meat broths and meat and 
vegetable soups when ready to serve, can not, of course, be compared 
directly with Table I, which shows the composition of commercial 
bouillon cubes before they are diluted with water for serving. 

FAT = Trace 
WATER 92.94% 

SALT & ASH 0/2% 
MEAT EXTRACT 0.44Y%e 
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The relative cost cf the commercial and homemade preparations of 
meat is shown in the following table: 

TABLE II1I.—Relative cost of commercial and homemade meat preparations. 

Amount 
Sam- Es, of meat 
ple Substance. Amount.| Cost. | extract ob- 
No. tained for 

| 10 cents. 

a ee 

| Ounce. Cents. Ounce. 
Te ECSU HAG e OMMMIOM(GH DES: oes eee ele ee = - ee ees = | 1 20 4 
Pamaootest erade) boilloncCubes.\- 2-9-2222... seeders em = =n =e - 1 10 == 
3 | Best grade semisolid. meat extract. .....-.--..-----2------+2----- | 1 23 
4 | Poorest grade semisolid meat extract .........-.----------------- 1 13 ; 
Sil Pacsterade Huid meat extract 5-2... - 2: 25. seeee ee 2-2 = oe 1 18 s 
Guimeooresherade fiid meatiexttact.. iso... 5. saeeseee eee as eee ae 1 11.5 a 
MeConrme;nciali mest qtuiees 4/2. 222 --/ease se = Sena hee 1 see 2 == 1 25 as 
Speers CLD a SAE oe Re ee NRE a ee SR. Le 1 35 =e 
Wiecomemade beef broths — ss .cl2ee-ckee .-2--seeerescsesceecs sas 21 4.5 2 

10 | Homemade meat and vegetable soup !.............-..----.------ | 24 1 4 

1 These two preparations are diluted and ready to serve. The others are all to be diluted with water 
before serving. 

2 Cups. 

SUMMARY. 

One-half to three-fourths of bouillon cubes is table salt. The cubes 
are not concentrated beef or meat essence, as many people believe. 
They are valuable stimulants or flavoring agents, but have little or 
no real food value. Bouillon cubes, therefore, are relatively ex- 
pensive. 

Semisolid meat extracts sold in jars are not concentrated beef. 
They are stimulants and flavoring adjuncts and have only a slight 
food value, owing to a small amount of protein (muscle-building 
food) which they contain. They are more expensive than homemade 
soups. 

Fluid meat extracts are dilute solutions of semisolid meat extracts. 
They are sold in bottles and are flavored. They are more expensive 
than the semisolid meat extracts because they contain more water. 

Commercial meat juices are largely deprived of their most valuable 
food constituent—the coagulable protein, or muscle-building food. 
They are similar to fluid meat extracts, and some makes cost more. 

Homemade meat broth is more nutritious and provides more meat 
extractives, protein, and fat at less expense than the commercial 

preparations. 
Homemade meat and vegetable soup contains much more food and 

is therefore much cheaper than the bouillons or soups prepared from 
commercial cubes, extracts, or juices. 

eben COPIES ofthis publication 
may be procured from the SUPERINTEND- 

ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C., at 5 cents per copy 

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1913 
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BULLETIN OF THE 

USDEPARTMENT ORAGRICULIURE 
No. 28 

Contribution from the Bureau of Plant Industry, Wm. A. Taylor, Chief, 

November 11, 1913. 

EXPERIMENTS IN BULB GROWING AT THE UNITED 
STATES BULB GARDEN AT BELLINGHAM.’ 

By P. H. Dorsett, 

Plant Introducer in Charge of Plant-Introduction Field Stations, Office of 
Foreign Seed and Plant Introduction. 

INTRODUCTION. 

The United States to-day is one of the largest consumers of what 
are known as “ Dutch bulbs.” The value of the annual imports of 
these extremely popular spring-flowering bulbs for planting out of 
doors and forcing under glass exceeds $1,000,000. The major part of 
these should, and it is believed can, be grown at home. 

1 As a result of extensive tests of Holland bulbs on the trial grounds of the Department 

of Agriculture on the Potomac Flats, which were carried on for several years under the 

direction of Mr. A. J. Pieters, Botanist in Charge of the Office of Congressional Seed Dis- 

tribution, Mr. L. C. Corbett, Horticulturist, Mr. George W. Oliver, Expert in Plant Propa- 

gation, and Mr. Henry H. Juenemann, Gardener, and after preliminary surveys by these 

gentlemen in 1906 and 1907 in the Puget Sound region and other sections of the United 

States, with a view to finding soil and climatic conditions similar to those of the bulb- 

growing sections of the Netherlands, a garden for the propagation of these bulbs was 

established near Bellingham, Wash., on a tract of 10 acres furnished by the Bellingham 

Chamber of Commerce. The preliminary details involved in securing the active coopera- 

tion of the local authorities and establishing the garden were arranged by Mr. Lisle Mor- 

rison, Assistant in Charge of the Office of Congressional Seed Distribution, and the first 

bulbs were planted in the autumn of 1908 by Mr. Juenemann, who has since resided at 

the garden and personally superintended the work of propagating, planting, cultivating, 

harvesting, and curing the bulbs. Since July, 1909, the administrative details connected 

with the management of the garden have been under the supervision of Mr. Leon M. Esta- 

brook, Assistant in Charge of the Office of Congressional Seed Distribution, from which 

the funds for carrying on the work are supplied, while the cultural and practical work 

at the garden has been under the supervision of Mr. P. H. Dorsett, Plant Introducer in 

Charge of Plant-Introduction Field Stations, and Mr. Peter Bisset, Plant Introducer in 

Charge of Foreign-Plant Distribution, both of the office of Foreign Seed and Plant Intro- 

duction. 

It is in response to the increasing demand for information regarding the growing of 

these bulbs in this country, especially at Bellingham, that this preliminary report show- 

ing progress and the present status of this work has been prepared, but the results here 

outlined should not induce anyone to take up “ Dutch-bulb ” growing in the United States. 

without first thoroughly investigating the local conditions —Wm. A. TAyLor, Chief of 

Bureau. 

9217°—Bull. 28—13——1 
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Among the earlier experimenters in bulb growing on the Pacific 
coast with whom the Department of Agriculture cooperated is Mr. 
Carl Purdy, of Ukiah, Cal. As early as 1902 Mr. Purdy wrote: 

Some years ago I went into the high mountains east of this place to grow 

lilies, and soon followed with all my bulbs, narcissus included. The bulbs that 

T produce are, I claim, superior to any that I import, and very hard, clean, and 

free from rot. It is certain that narcissus can be grown as cheaply here as in 

England and of better quality. I find no difficulty in growing good tulip bu’bs 

with plenty of offsets, but I can as yet hardly produce as large ones as the best 

Dutch growers send out; still I regard it as a mat’er of fertilization to do so. 

The flowers are of a higher grade. I am practically barred at present from the 

eastern market by the high freight rate, as at $3 per hundred pounds the pro- 

tection is more than neutralized. 

Mr. John W. Macrae Smith, of Bellingham, Whatcom County, 

Wash., in November, 1902, sent to the Department of Agriculture 
samples of narcissus, tulip, and hyacinth bulbs that he had grown, and 

under date of December 8, 1902, replying to a request for a collection 

of bulbs for testing, wrote as follows: 

I am very sorry to say that my bulbs are all planted and most of them coming 

through the ground. I am greatly disappointed et not being able to have a 

proper test made, as it postpones until another year a matter that I am very 

anxious to have settled, and that is the superiority of home-grown bulbs over 

any imported stock. Bulb growing so far has been very discouraging finan- 

cially. It takes about three years to produce marketable bulbs, and a man of 

moderate means can not afford to put his time and money into a business where 

he has to wait so long for returns and then has to take chances as to whether 

the market is ready for him. 

Mr. George Gibbs, of Clearbrook, Wash., more than fourscore 
years of age, is enthusiastic over the results of his experiments in 
bulb growing, as outlined in his early correspondence with the 
Department of Agriculture, and is firmly convinced that Dutch bulbs 
equal to, and possibly in some respects superior to, those grown in 
other countries can be. grown in that region. Under date of April 
19, 1903, he wrote that he wished “to see the industry started cor- 
rectly and early put upon a paying basis, with the very best varie- 

ties money can buy.” Mr. Gibbs has lived to see the Department of 
Agriculture take up the work, and he may yet realize his hopes as 
to the commercial production of bulbs in the Puget Sound region. 

In 1907 Dr. B. T. Galloway, then Chief of the Bureau of Plant 
Industry, under whose direction this work has been carried on, sent 

experts into the Puget Sound region and other sections of the United 
States for the purpose of selecting the location which in their judg- 
ment was best adapted for bulb growing. Upon receipt of their 
report in 1908 Hon. James Wilson, the Secretary of Agriculture, 
authorized the establishment of a garden near the city of Bellingham, 
Wash. 

cs ee oe 
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The members of the Bellingham Chamber of Commerce, with 
whom this matter was taken up, realizing the great importance of 
this line of work and seeing in it the possibility of an American 
industry, entered heartily into its support. They secured 10 acres 
of suitable land, supplied the necessary improvements, and leased the 
whole to the Department of Agriculture for 10 years at a nominal 
rental of $1 per annum, this tract to be used to determine whether or 
not Holland bulbs could be successfully propagated and grown there. 

LOCATION OF THE GARDEN. 

The garden is conveniently located, about 23 miles west of the city 
of Bellingham, Wash. (Fig. 1.) It embraces a narrow strip of 

Fic. 1.—General view of the United States Bulb Garden at Bellingham, Wash. From 

a photograph taken at the bulb house, near the south end of the property, in April, 

1911, immediately after a heavy rain. 

land about 250 feet wide by 1,600 feet long, extending from the 
Marietta road on the north to Bellingham Bay on the south. 

Bellingham is in latitude about 48° north, longitude about 122° 
west. The records of the Weather Bureau for the nine years 1898 
to 1906, inclusive, show that the nine hottest days in that period had 
an average temperature of 85° F., while the nine coldest days aver- 
aged 12° above zero. The mean annual temperature for the same 
‘period was 50.2° F. The annual rainfall is from 30 to 40 inches, 
distributed pretty well throughout the year, but with the least pre- 
cipitation during the months of June, July, and August. During 
these months the rainfall is normally $, 1, and 2 inches, respectively. 

SOIL OF THE GARDEN. 

The soil of the Puget Sound region in which the United States 
Bulb Garden is located has been classified by the Bureau of Soils of 
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the United States Department of Agriculture as “ Bellingham silt 
loam,” and is thus described in a report dated January 30, 1909, 
entitled * Soil Survey of Bellingham Area, Washington ” 

The soil of the Bellingham silt loam, to an average depth of 12 inches, is a 

dark brown to drab colored heavy silt loam, carrying a large quantity of 

decomposed organic matter. When turned up with a plow and in a dry con- 

dition, the soil becomes lighter in color and has a light-brown or grayish 

appearance. The subsoil is a heavy drab-colored to slightly mottled silt loam, 

which becomes somewhat heavier and more compact as the depth increases, 

and at 30 to 86 inches usually has the characteristics of a silt clay. Small 

pockets of gravel or coarse sand are frequently encountered in the deeper 

subsoil. . 

The mechanical analysis of a sample of the Bellingham silt loam 
in comparison with a sample from the island of Guernsey, one from 
the Netherlands that is reported to be the type of soil best suited 

to hyacinth-bulb production, and one from the average type of soil 
in the Netherlands used for hyacinth- bulb production is shown in 
Table I. 

TABLE I.—WMéchanical analyses of soils used for growing bulbs on the island 
of Guernsey, in the. Netherlands, and at the United States Bulb Garden «at 
Bellingham, Wash. 

Fine Coarse Meginm pine - Very a Silt Clay 
= P : gravel sand san san ne san f 
Locality. (21 (1-0.5 | (0.5-0.25 | (0.25-0.1 | (0.4-0.05 Ce ne : 

mm.) mm.) mm.). mm.) mm.) ee ¢/* 

Island of Guernsey.......------- 5.6 7.8 4.8 12.1 15.8 38.3 15.5 
Netherlands, best type of soil. - - .0 .4 19.5 78.5 ai 6 4 
Hewionauds, average type of 

SSRI toee nine Sea SOE REET 8 .6 10.3 76.7 2.5 5.5 4.0 
Bellingham Sit loamae steers 28) 1.3 .4 PAST 8.3 68.7 18.1 

It will be noted that the Bellingham silt loam is low in medium 
and fine sand and high in silt and clay. Tests at the Bellingham 
bulb garden lead to the belief that the hghter type of soil—that is, 
the one containing the highest percentage of medium and fine sand 
and consequently low in silt and clay—is best suited to hyacinth-bulb 
growing. 

The work thus far has included the propagation and growing of 
hyacinths, tulips, and narcissuses. At the time the garden was estab- 
lished 170,466 bulbs were planted. In 1912, in addition to over 
1,000,000 bulbs planted, approximately 33,000 were put into the con- 
gressional distribution of the Department of Agriculture. 

HYACINTHS. 

In the eighteenth century hyacinths were among the most prized 
of cultivated florists’ flowers, and enthusiasts of those days paid 
as much as £200 sterling ($973.30) for single bulbs of exceptional 

=. 
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merit.1 They are to-day held in very high esteem both in America 
and abroad, but are not as highly prized as many other flowers, either 
for forcing or planting out of doors. Hyacinths are most success- 
fully grown in a 3-year or a 4-year rotation in very light, well- 
drained, friable sandy-loam soil, well enriched by an application of 
2-or 38 inches of well-rotted cow manure, which should be thor- 

oughly incorporated with the soil prior to planting the bulbs. 

PROPAGATION. 

Hyacinths are propagated naturally either by slabs or by seed; 
artificially by bulblets secured either by means of scooping or scoring 
mature or so-called mother bulbs. 

Fie. 2.—Hyacinth bulbs, showing, on the right, slabs naturally produced by six bulbs 

of the Roi des Belges variety and, on the left, for comparison, four bulbs without 

slabs. 

SLABS. 

Slabs are produced to some extent by bulbs under ordinary cultiva- 
tion. Their greatest production, however, is from overmature bulbs. 
Figure 2 shows a few such bulbs that were harvested at the United 
States Bulb Garden in the season of 1912. Slabs similar to those 
produced by the six bulbs shown on the right in this illustration are 
naturally produced by 75 per cent of overmature bulbs. 

1 Library of Universal Knowledge, v. 8, p. 103; The Fruit, Flower, and Kitchen 

Garden, p. 273. 
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The time required to produce mature bulbs by this method is from 
two or four years, depending, of course, upon the variety, the size 
of the slabs, and a conditions under which they are grown. This 
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Fic. 3.—Six equally good mother hyacinth bulbs of the Regulus variety ready for 
Scoring or scooping. Figure 4 shows bulbs of the same variety one month after 

being scored and scooped. 

method is not employed to any great extent in commercial hyacinth 
growing on account of the oni Gl small number of slabs pro- 
duced. 

Fic. 4.—Mother hyacinth bulbs scored and scooped. The work in the Netherlands, 

and until last year in this country, has always been done by hand, an ordinary 

straight-bladed knife being used in scoring and sometimes in scooping. As a rule, 

however, the knife with a curved blade shown in figure 5 is used in scooping mother 

bulbs. Bulbs on left, scored; those on right, scooped. 

SEED. 

Owing to the wide variation in the bulbs grown, the method of 
growing bulbs from seed is rarely, if ever, employed except for the 

Wig. 5. —Knife used in the Netherlands for scooping bulbs. 

production of new varieties. The time required to produce mature 
bulbs from seed is longer than by any of the other methods. Nor- 
mally from five to eight years are required, depending upon the 
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variety producing the seed and the conditions under which the plants 

are grown. 
SCOOPING. 

The method of propagating hyacinths known as “scooping” is 
the one most extensively employed in commercial work, for the 

Fic. 6.—Upper part of a machine used to scoop mother hyacinth bulbs. To the right 

of the knife on the table are a scooped and an unscooped bulb and an extra scoop- 

ing knife. The machine is extremely simple, easy of operation, and will effect a 

saving of 25 per cent or more in time as compared with scooping by hand. 

reason that by it the largest number of bulblets are produced. The 
number and vigor of the bulblets are proportionate to the size and 
strength of the mother bulb, and consequently the strongest and best 

of the mature bulbs are selected for scooping. 
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By this method the base of the mature or so-called mother bulb is 
scooped out so as to expose the lower part of the scales just a little 

Fie. 7.—An average sample of hand-scooped and machine-scooped mother bulbs. 

Hand-scooped bulbs on the left; machine-scooped bulbs on the right. 

¥ic. 8.—Interior of the frame propagating house built at the United States Bulb 
Garden in the spring of 1912. The movable trays are in place ready to receive the 

bulbs. The house is equipped with a hot-water heating apparatus, so that any 

desired temperature can be maintained during the time the mother bulbs remain 

there, which is from three to four months. The temperature maintained is from 

75° to 90° I. day and night. 

above where they unite with the base of the bulb. (Figs. 3 to 6, in- 
clusive.) Cutting the bulb in this way destroys the growing point 
and flower bud, and all the latent strength of the bulb that otherwise 
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_would have entered into the production of the plant and flowers is 
used up in the production of baby bulbs. After scooping, the mother 
bulbs are put in trays and placed in the sun for about a day for the 
purpose of drying the freshly cut surfaces. (Fig. 7.) The trays are 
then placed in a propagating house where ventilation and light can 
be controlled (fig. 8), where a temperature of from 75° to 90° F. is 
maintained. Sometimes sand, ashes, or air-slaked lime are dusted 
over the freshly cut surface to assist in absorbing the moisture caused 
by scooping out the base of the bulbs before they are placed in the 
propagating house. The scales soon separate somewhat, callus, and 
produce young bulblets. If the mother bulbs are scooped soon after 
harvest (say at some time in July) and properly handled, they should 
produce a fine lot of baby bulbs by planting time in October. (Fig. 9.) 

Fic. 9.—Mother hyacinth bulbs that have developed an excellent crop of young bulb- 

lets. If properly handled, the mother bulbs at the time of planting should resemble 

the two bulbs shown above. 

The time required to mature bulbs by this method is from four to 
seven years, depending more or less upon the variety, the size of the 
bulblets, and the conditions under which they are grown. 

SCORING. 

Scoring is the second most important commercial method of propa- 
gating hyacinths. By it fewer but larger and stronger bulblets are 
produced. On this account the smaller and poorer mature bulbs are 
generally selected for scoring. The process consists in making from 
two to four cuts across the base of the bulb, depending upon its size, 
and extending through to about its center. The fewer the cuts, as a 
rule, the fewer and larger the bulblets. (See fig. 4.) The process of 
scoring kills the flower and growing point, and the strength of the 
bulb that would have been used in producing a plant and flowers is 
utilized in the production of baby bulbs, the same as in scooping. 

Ul Bill, 
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The scored mother bulbs are treated and handled in practically the 
same way as those that are scooped. Some growers prefer to place 
the scored mother bulbs out of doors and cover them with about 6 
inches of soil, where they are left for about six weeks. They are then 
uncovered, and after drying for about a day are brought into the 
propagating house and given practically the same treatment as the 
scooped mother bulbs. 

The time required to mature bulbs by this method is from three to 
five years, depending upon the variety, the size and strength of the 
bulblets, and the conditions under which they are grown. During the 
period when the young bulblets are being produced as a result of 

scooping and_ scor- 
ing, the greatest care 
must be taken to pro- 

tect them from in- 
jury from dampness, 
cold, heat, disease, 
etc. 

STOCK MOTHER BULBS. 

The stock of mother 
hyacinth bulbs for 

use at the Belling- 
ham garden is im- 
ported annually and 
will have to be until 
the home-grown stock 
from the first propa- 
gation made at the 
garden in 1909 

One of the first beds of scooped mother bulbs of Teaches maturity; 
the hyacinth planted at the United States Bulb Garden. this under normal 

Photographed in October, 1909. 

Fic. 10. 

conditions will be 
from one to three years hence. It has not been possible to have the 
imported bulbs delivered at the Bellingham garden until some time 
in October, which is entirely too late for scooping and scoring that 
season. This necessitates growing them one season. They are there- 
fore planted, as soon as possible after being received, in beds 36 inches 
wide and of any desired length. The soil is spaded out of the first 
bed, and the bulbs are placed about 4 to 6 inches apart in rows 6 to 8 
inches apart across the bed and covered to a depth of 3 or 4 inches 
with soil from the adjacent bed. This process is continued until the 
bulbs are all planted. 

. 

. 

1 
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The beds are then covered with 3 or 4 inches of litter (straw or 
grass) for protection during the winter. In the spring this litter is 
usually raked off; sometimes it is left as a mulch. During the grow- 
ing season the plants are kept free from weeds. The beds are fre- 
quently inspected for sickly or diseased bulbs. If any are observed, 
they, with about 6 inches of the surrounding soil, are removed and 
burned. In the spring the truss of the flowers is pinched out just 
about the time they are coming into full bloom. By this treatment 
the strength of the plant that normally is used in the development of 
the seed is forced into the development of the bulb. The stronger 
and larger the bulbs, other things being equal, the better the results 
from scooping and scoring. The bulbs are mature about June, and are 
then- lifted and, when properly dried in the field, placed on shelves 
in a well-ventilated bulb house to cure. 

This process requires from four to six weeks, depending somewhat 
upon the condition of the bulbs, the weather conditions, and the at- 
tention given to the details of the work. When properly cured the 
old roots and dry scales are rubbed. off and the bulbs graded into 
firsts and seconds for scooping and scoring. 

In the spring of 1912 officials of the Bureau of Plant Industry per- 
fected a power machine for scooping mother bulbs. (See fig. 6.) 

In order to test the effect of machine-scooped compared with hand- 
scooped hyacinth bulbs, one half of the mother bulbs intended for 
scooping in 1912 were hand-worked and the other half machine- 
worked. 
A careful inspection shows that the hand-scooped bulbs are some- 

what smoother and cleaner cut and the scales more widely separated 
from each other than is the case with the machine-scooped bulbs. It 
remains to be seen, however, whether the yield of bulblets is in- 
fluenced by these conditions or whether a larger amount of disease 
develops in the machine-scooped bulbs, owing to the fact that possibly 
disease can not be so readily detected in the mother bulbs when using 
the machine as when the work is done by hand. The use of machin- 
ery for this work is interesting, and if the results are satisfactory 
will mean the saving of considerable time where large quantities of 
bulbs are to be scooped. On account of the comparatively small 
number of bulbs that would be scooped, however, even when bulbs are 
extensively propagated, the time saved in scooping would not com- 
pare with that which might be saved by the use of machinery in 
harvesting, cleaning, grading, ete. 

The scooped and scored mother bulbs, when in proper condition, 
are placed in trays or on shelves in the propagating house. (See 
Fig. 8.) 
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PLANTING MOTHER BULBS. 

In planting, care must be taken not to break off the baby bulblets. 
The scooped and scored mother bulbs with bulblets attached are 
planted in the field in beds about 36 inches wide and of any desired 
length, probably in the majority of instances with their bases up. 
Excellent results have been obtained at the United States Bulb Gar- 
den by planting them base down. In fact, the limited experiments 
and observations there lead to the belief that the best results will 
follow this practice. Additional observations and experiments will 
be required, however, before this practice of planting the mother 
bulbs can be unqualifiedly recommended. 

The bulbs should be placed about 4 inches apart in rows 6 to 8 
inches apart across the beds and covered with from 3 to 4 inches of 
soil. The bulbs in one end of the bed shown in figure 10 have been 
covered with soil. Later, when all the bulbs have been covered, the 
soil will be raked smooth and the bed mulched with 3 or 4 inches of 
litter (straw or grass) for winter protection. At harvest time the 

Fic. 11.—Colonies of bulblets of hyacinths of the Gertrude variety from scored 

mother bulbs (on the left) and ftom scooped mother bulbs (on the right), both 

harvested in July, 1911, 

mother bulbs will have eet disappeared and clustered close 
together where each mother bulb was will be found a colony of baby 
bulbs. The bulblets of each colony vary greatly in size and number. 
The difference in the size and number of the bulblets secured by 
means of the two methods is plainly noticeable. (Fig. 11.) 
When harvested in June or early July the bulblets are placed 1 or 

2 inches thick on shelves or in trays in the bulb house to cure. When 
they are sufficiently dried out, which requires four to six weeks, the 
dry roots, dirt, and remains of the mother bulbs are removed and 
the bulblets sorted. The largest and strongest ones make up the first 
grade and the smaller ones the second grade. As previously stated, 
larger but very many less bulblets are secured by means of scoring 
than by scooping. 

Table II shows the comparative results obtained from the scoop- 
ing and scoring methods of propagating hyacinths employed at the 
United States Bulb Garden. 

eg 
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TABLE II.—fResults of scooping and of scoring hyacinths at the United States 

Bulb Garden at Bellingham. 

Progeny. 

Number ; 
Method of propagation. of mother First size. Second size. L Total. 

bulbs. 

Number. | Per cent.| Number.| Per cent.| Number.| Per cent. 

Scooped bulbs....--.----------- 2,441 900 37 54, 840 2, 247 55, 740 2, 284 
Peseainulbs! oi .fcclc 2) 101 2,995 142 | 16,383 "780 | 19,380 ” 999 

INGA Seeeaeereemecreaeere 4,542 3, 895 86 71, 223 1, 569 75, 120 1, 654 

Fie. 12.—Men at work planting baby hyacinths at the United States Bulb Garden 

in the fall of 1912. Under normal conditions and with proper culture and care, 

bulblets planted in this way in the fall should make a strong, vigorous growth. 

PLANTING BULBLETS. 

The baby bulbs are planted in September or October in beds 
about 36 inches wide and of any desired length. The best of the 
baby bulbs are placed about 2 inches apart in rows 4 to 6 inches apart 
and covered with soil to a depth of 3 to 4 inches. The second-grade 
bulbs the first year are scattered thinly in rows across the beds 4 to 6 
inches apart. (Fig. 12.) 

NARCISSUSES. 

In continental Europe and Great Britain the narcissus is possibly 
more highly prized than in America. Narcissus enthusiasts there 
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have paid from $500 to $2,000 for the stock of a variety of narcissus 
of exceptional merit, possibly not so much on account of the intrinsic 
value of the variety as because of the rivalry of enthusiasts in secur- 
ing and controlling the entire stock of meritorious varieties. 

It is an established fact that the narcissus in variety can be success- 
fully grown commercially in various sections of the United States. 
At Portsmouth and Richmond, Va., Santa Cruz and Ukiah, Cal., and 

in other sections the growing of the narcissus, either for cut flowers, 
bulbs, or for both, has developed into an industry of considerable 
commercial importance. 

The slabs and young bulbs that are being grown to maturity and 
the matured bulbs grown for cut-flower production are planted in 

Fic. 13.—Flowers of the Double Van Sion narcissus. The flower on the right is an 

average normal well-developed one from an imported bulb grown at Washington, 

D, C., for one season (fall until spring) ; the one on the left is a typical specimen 

of an abnormal, greenish flower from a home-grown bulb that had been grown at 

Washington, D, C., more than one season and is absolutely worthless. 

the fall, 4 to 6 inches apart in narrow beds and covered with from 
3 to 5 inches of soil. The flowers are harvested and sent to market in 
early spring. The bulbs are left in the beds undisturbed for two or 
three years; then, when the foliage matures and turns yellow, which 

under normal conditions is in June and July, the bulbs are lifted, 
cured, and graded, the largest ones sold, and the others replanted in 
the fall and treated as before. 

Narcissuses have become acclimated in practically all of the old 
gardens in the United States and each spring add beauty and charm 
to the landscape. 
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The experiments at the Bellingham garden have demonstrated 
beyond question that narcissuses of excellent quality can be grown 
there and that the Double Van Sion variety, one of the most popular 
of the forcing narcissuses and one that heretofore has baffled every 
effort to produce it commercially in this country, can be successfully 
grown in the Puget Sound region. The first flowers from imported 
bulbs of this. variety are usually fine, perfect, double flowers of ex- 
cellent substance and quality. (Fig. 13.) The same bulbs if grown 

longer than the first season after being imported produce as a rule 
throughout the United States, with the apparent exception of the 
Puget Sound region, greenish, malformed flowers. The trumpet 

Fic. 14.—F lowers of the Double Van Sion narcissus, showing a striking improvement 

and return to the normal flower. A.—An average malformed flower the first season 

after planting at the United States Bulb Garden, produced from a bulb grown in 

the bulb-growing districts of the East for more than one season after being im- 

ported. #.—-An average flower the second season after planting, from a bulb from 

the same source. (€.—An average flower the third season after planting, from a 

bulb from the same source. Photographed April 19, 1911. 

splits or breaks into perianthlike segments and very frequently takes 
on a greenish yellow or green color, 1. e., the flowers are said to “ go 
green.” The perianth also often becomes greenish or greenish yellow. 
Such flowers are absolutely worthless. 

For the purpose of determining what effect the climatic and soil 
conditions of the Puget Sound region would exert upon bulbs of the 
Double Van Sion narcissus that have been grown in other parts of 
the United States for several years, a number of the bulbs were 
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secured from a grower in one of the Eastern States and tested at 
Bellingham. Figure 14 graphically shows the results of the test. 

The flowers from bulbs grown at the garden for three seasons were 
practically perfect and compared favorably with those from im- 
ported bulbs. Mr. John W. Macrae Smith and possibly others se- 
cured similar results with this variety in their early experiments in 
bulb growing near Bellingham. 

Fic. 15.—American-grown and Holland-grown tulips in alternate rows on the trial 

grounds of the United States Department of Agriculture. Beginning on the left, 

rows 1,’Keizerskroon, 3, Pottebakker White, and 5, Proserpine, are from imported 

bulbs. Rows 2, Keizerskroon, 4, Pottebakker White, 6, Proserpine, are from 

Bellingham-grown bulbs. The bulbs from both sources were ordinary commercial 

stock. Photographed April 20, 1911. 

PROPAGATION. 

The narcissus is propagated by seeds when it is desired to secure 
new varieties. The commercial method of propagation of the nar- 

cissus, however, is by offsets. The increase secured at the garden 
varies, according to the variety, from 99 to 380 per cent, and the time 
required to grow commercial bulbs from slabs is from three to five 
years, depending upon the variety, the size and vigor of the offsets, 
and the conditions under which they are grown. 
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TULIPS. 

It is stated + that tulips were introduced from Turkey by Busbecq 
to Vienna, and thence, about the year 1560, to the Netherlands, where 
their beauty and variety of coloring soon created much emulation 
and their popularity culminated in the historic craze known as the 
“Tulipomania.” It is reported that at that time from 2,000 to 5,000 
florins, equivalent to $804 to $2,010 of American money, were paid for 
a single bulb of a new, especially meritorious variety. 

Tulips in variety can be successfully grown in commercial quan- 
tities in many sections of the United States. The tests so far show 

Tic. 16.—Digging tulips at the United States Bulb Garden. The five young men or 

boys shown in the illustration will each dig on an average one bed, 3 by 75 feet, a 

day. Photcgraphed July 10, 1912. 

that tulips grown at the United States Bulb Garden are superior in 
several respects to imported bulbs. (See fig. 15.) 

PROPAGATION. 

The propagation of the varieties of tulips tested at the garden has 
been by offsets. The increase is from 67 to 273 per cent, depending 
upon the variety. The bulbs for the mest part have been planted in 
beds, practically the same as hyacinths. If new varieties are desired, 
they are secured by means of seed. 

HARVESTING. 

The methods of harvesting tulips are essentially the same as those 
employed in all bulb-growing regions. The bulbs are dug out by 
hand with a small, short-handled spade when the soil is at all heavy, 
or with the fingers when the physical condition of the soil will permit. 
(Fig. 16.) 

1The Gardener's Assistant, v. 1, p. 517. 
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FURROWING OUT BEDS BY MACHINERY. 

Machinery in connection with the bulb work is being substituted 
for hand labor whenever possible. To this end for the past two sea- 

sons a limited number 
of tulip bulbs have been 
planted in long, narrow 
beds about 18 inches 

wide in order to test 
machinery in digging 
the bulbs. Figures 17 
and 18 show the man- 
ner of making and 
planting these beds at 
the United States Bulb 

Garden. An ordinary 
turning plow has been 
used in that section for 
opening beds for bulbs, 
but, so far as the writer 
is aware, this is the first 
time a celery ridger has 
been used for this pur- 

. pose. 
| The bottom of the 
| ; ox Re | broad furrow that is 

opened with the celery 
ridger, drawn by a 
horse, is raked smooth 

by hand and the bulbs 
planted in the ordi- 
nary way from 4 to 6 
inches apart in rows. 

(See fig. 18.) With 
this method of plant- 
ing it will be possible 
to test machinery in 
harvesting. 

a 

— 

OUTSIDE TESTS. 

Flowering tests on 
the trial grounds of the 
United States Depart- 

ment of Agriculture in the season of 1910 and 1911, embracing a 
number of varieties of Bellingham-grown and Holland-grown tulips, 
showed remarkable superiority of the home-grown product over the 

Fic. 18.—Planting tulips in furrow beds. 
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imported. Fifty bulbs of the same variety, from imported and 
Bellingham stock, respectively, were planted in rows side by side on 
the same date and continued under the same conditions throughout 
the experiment. Asa rule, the plants from the Bellingham bulbs were 
freer from disease and flowered from five to seven days earlier than 
those from imported 
bulbs. In addition to 
this, the flowers were 
on longer stems and 
were of better color 
and quality than 
those from the im- 

ported bulbs. Figure 
15 shows three of 
the varieties that 
were included in this 
test. 

FORCING TESTS. 

Figures 19 to 21, 
inclusive, show some 

of the results of a 
forcing test of Bel- 
lingham- grown and 
imported tulip bulbs 
during the season of 
1912-13 at a green- 

house of the United 
States Department of 
Agriculture, Wash- 
ington, D. C., and at 
a commercial green- 
house in the same Fie. 19.—Bulbs of imported and Bellingham-grown tulips. 

Five bulbs of the Couleur Cardinal variety that were 

city. taken from the end row of one of the two flats of im- 

The ‘differences be- ported stock (upper figure) and five bulbs of the same 

variety taken from the end row of one of the two flats 

tween the Beiling- of Bellingham-grown stock (lower figure). The two lots 
-o ; 1mM_ of bulbs were planted in the boxes on October 30, 1912, 

ham ee and ae all being treated alike, and taken into the greenhouse on 

ported bulbs of sev- January 25, 1913. The bulbs in both cases were removed 
eral other varieties from the flats on the following day and photographed on 

: : f the same plate, side by side. 
included in this sea- 

son’s forcing test are equally as striking as those shown in figure 21. 

In the case of the Keizerskroon variety, the difference in the size 
of the plants and the time of flowering is not quite so marked as in 
other varieties. There is, however, a noticeable difference in favor 
of the Bellingham-grown bulbs both in the height of the plants and 
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the date of flowering. Flowers from Bellingham-grown bulbs were 
eut on February 16 and from imported bulbs on February 21 and 
22, 1913. The results of the forcing tests of the season of 1912-13 
verify those secured out of doorsin 1910,and 1911. 

Fic. 20.—Flats of imported and Bellingham-grown tulips. The two flats on the left 

contain imported bulbs; the two on the right, bulbs grown at the United States 

Bulb Garden. Both lots are of the Couleur Cardinal variety planted October 30, 

1912, and both received the same treatment. They were brought into the green- 

houses of the Department of Agriculture and photographed on January 25, 1913. 

The bulbs used in these tests were not selected, but were the ordi- 

nary run of what is considered commercial stock. That these tests 
do not absolutely establish the superiority of Bellingham-grown 
tulips over imported stock is realized, and other tests will have to 
be made in order to determine beyond question whether or not 

Fic. 21.—Imported and Bellingham-grown tulips in flower. This illustration shows 

the condition of the plants from imported and Bellingham-grown bulbs of the 

Couleur Cardinal variety just 32 days after they were taken into the greenhouse of 

the United States Department of Agriculture. The plants from imported bulbs in 

the two flats on the left range from 3 to 9 inches to the top of the flowers. The 

few flowers that are in bloom are too short stemmed to be of any commercial value. 

The plants from the Bellingham-grown bulbs in the flats on the right range from 

8 to 11 inches to the top of the flowers. Practically all of the latter plants are 

in full bloom, and 90 per cent of them are of commercial value. 

American-grown tulips and narcissuses when forced or growing out 
of doors will produce better and healthier plants and yield earlier 
and larger flowers on longer and stronger stems than the same 
varieties grown in the Netherlands. 

ae 
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SUMMARY. 

The tests of the United States Department of Agriculture of the 
possibility of growing so-called “ Dutch bulbs” in this country have 
shown very encouraging results and are attracting widespread 

interest. 
Thousands of people from Bellingham, Everett, Tacoma, Seattle, 

Portland, and other cities visit the garden near Bellingham, Wash., 
each spring to enjoy the hundreds of thousands of blooms with their 
many gorgeous colors, which are in masses such as can not be seen 
elsewhere in this country, making a most magnificent sight. 

Interest in the possible outcome of this work is not confined to the 
people of the United States, for already representatives of several 
bulb farmers in the Netherlands have visited the garden, inspected 
the work, and observed the results. 

Before the Department of Agriculture will be justified in advo- 
cating the growing of so-called “ Dutch bulbs” as a commercial in- 
dustry in this country much remains to be learned regarding the 
climatic and soil conditions best suited to the crop; the selection, 
clearing, grading, and preparation of the land (much of that in 
the far Northwest which is now thought to be well located and 
suitable to bulb growing will cost from $75 to $150 per acre to put 
it in shape for planting, in addition to the cost of the land) ; the pre- 
vention and control of diseases affecting the crop, of which a con- 
siderable number are more or less serious; and the propagation, 
cultivation, fertilization, growing, harvesting, curing, storing, trans- 
portation, and marketing of the crop. 

The Department of Agriculture extends a hearty invitation to all 
who are interested in this enterprise to visit the bulb garden and 
inspect the work. 

The representative of the Department in charge of the garden 
will welcome visitors and be glad to give information relative to the 
work that is in progress. 

DDITIONAL COPIES ofthis publication 
may be procured from the SUPERINTEND- 

ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C., at 5 cents per copy 

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1913 
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CREW WORK, COSTS, AND RETURNS IN COMMER- 
CIAL ORCHARDING IN WEST VIRGINIA. 

By J. H. ARNotp, 

Agriculturist, Office of Farm Management. 

INTRODUCTION. 

One of the most highly developed enterprises illustrating the prin- 
ciples of farm management is that of commercial orcharding. There 
is a lack of concrete data available to the public, however, on the costs 
of various operations connected with orcharding, as well as the net 
returns which may be expected in a series of years under varying 
conditions. Also there is a lack of specific information in regard to 
the organization of labor cn fruit farms, the rate of work for each 
operation, and the kind and number of operations necessary to insure 
success. 

Like every other business enterprise it must be recognized that the 
cost of operations, labor units, and standards of labor in the orchard 

vary with conditions, the principal determining factors being land 
features, such as soil, topography, climate, distance to shipping point, 
and markets. Those interested in orcharding as a practical business 
enterprise should know what these cost units and standards of labor 
ought to be under these specified conditions when directed by a 
trained and experienced manager, as well as to know the results of 
average experiences. Such data enable one to measure his success 
along any one of these lines and they also furnish a scientific basis for 
calculating the profits that might reasonably be expected in orcharding. 

The writer has attempted in this bulletin to summarize and analyze 
the experiences in orchard management of individuals who have been 

pioneers in the development of this mdustry in a region which 
undoubtedly has many favorable locations for profitable fruit raising. 
This region lies in the drainage basin of the Potomac River in West 
Virginia. It is intended to interpret the orchard management 
achieved by these pioneers in a way to assist them in its further 
development and to enable others to profit by the results of past 

_ experience. 
9680°—13——1 
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A great waste of resources has been sustained in gaining this experi- 
ence. One large orchard company alone estimated its losses during 
the past 21 years, due to inexperience and lack of knowledge of peach 
growing in this section, at $100,000. The loss for the same reason 

for more than a century to small farmers carrying on the industry can 
hardly be estimated. This loss has been due (1) to a lack of knowledge 
of the control of fungous diseases and insect pests; (2) to a lack of 

knowledge of the natural and economic advantages necessary in 
selecting the orchard site, such as soil and weather conditions, ena- 
bling one to avoid expensive methods of control; and (3) to inex- 
perience in methods of management. 

At the present time there is great interest in orchard enterprises, 
and many seem to be led to invest their savings in them with no 
knowledge whatever of the factors which must inevitably determine 
the success of such enterprises. Such may have an opportunity to 
profit by the principles worked out by past experience. 

The fact is emphasized in this bulletin that the specific operations 
described in some detail are meant to explain the organization of 
the fruit farm and to determine costs and that they are not pre- 
sented to give information regarding the technical operations of fruit 
production. 

SOURCES OF INFORMATION AND METHOD OF INVESTIGATION. 

The facts and conclusions stated herein have been worked out from 
data obtained in a study of the history of orchards which have 
survived during the past 10 or 20 years and on several of which 
accurate financial records have been kept. These orchards are well 
distributed over the area described and are located on various soil 
types, mostly confined, however, to the red soils and “‘chert”’ soils. 
Some of these orchards have yielded large profits to the owners; 
some have probably not yet paid expenses after 8 or 10 years. 

Besides analyzing the financial records of these orchards, each one 
has been studied with reference to its location and to the various 
operations performed which are necessary to its maintenance and 
profit. Many of them have been visited at intervals during the past 
two years in order to become acquainted with the managers and to 
see the actual work as it was being carried on. This has been done 
to determine the causes of the large variation in the costs of operating 
expenses and to determine the limiting factors in the yield and quality 
of peaches, probably the most important facts from the standpoint 
of profit. 

A careful field study has been made of the soil, topography, and 
climatic conditions of this section, and the official data on these 
subjects have been analyzed and correlated with the field study. 
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This has been done to provide a proper basis for estimating the value 
of natural advantages, such as soil, relative elevations, and exposures, 

in lessening the cost of production. Experienced orchardists in this 
section have estimated the value of these natural advantages very 
closely in so far as past experience has thrown light on the subject. 
Good evidence of this is the fact that orchards are already planted 
on such favorable sites or the land is bought and held at a value 
commensurate with such advantages as it is believed to possess. 

Estimated yields for the bearmg period of such orchards are based 
on averages, as are also the prices given. The variations are also 

_ given and the causes of these variations stated, in so far as they could 
be determined. 

The cost units and standard units of labor given have been worked 
out from data furnished by a few orchardists who have given par- 
ticular attention to this problem in orchard management. The most 
accurate and completely worked-out data along this line were fur- 
nished by two orchardists in particular whose training and experience 
have peculiarly fitted them for this work. 

DESCRIPTION OF THE REGION. 

The orchards studied are located in the mountainous section of 
West Virginia in the basin of the Potomac where during the past 10 
years not less than 2,500,000 fruit trees have been set out. Probably 

most of these have been planted during the past four years. 
The higher elevations of this section have long been considered 

well adapted to the raising of peaches. The steep mountain ranges 
with narrow valleys make air dramage good and furnish such 
locations as are believed to be favorable for the vigor and health of 
the trees. Some orchards are planted on various slopes and at differ- 
ent elevations, within certain limits, in order to vary as much as possi- 
ble the ripening period of the same variety, thus avoiding a rush at 
picking time. 

The benefit of air drainage is shown in the fact that in the year 
1912, after one of the most severe winters known to the older inhabit- 

ants, the peach crop was especially good on certain elevations where 
conditions of air drainage were good. On these elevations the buds 

~ were not killed, while lower down in the valleys not only the buds 
but in many cases the new wood was killed, so that the entire top of 
the tree had to be removed and a new one allowed to grow. The 
lowest temperatures occurred during the month of January, when 
the lowest temperatures observed on the tops of some of the higher 
mountains were 7° to 9° F. below zero, while in the valleys the tem- 
peratures at the same time were as low as 20° to 30° below zero. 



—~ 

4 BULLETIN 29, U. S. DEPARTMENT OF AGRICULTURE. 

The two types of soil considered most favorable for peach orchard- 
ing in the mountainous section of the basin of the Potomac are the 
“chert” soils (fig. 1), derived from a limestone which in the process 

of disintegration has left hard, flinty, loose rocks lying on top of a 
rich, dark loamy, sometimes sandy, soil, and the red soils (fig. 2) 
derived from a red and pink shale and sandstone. 

The chert land usually drains well and does not wash, except in 
particular cases where the land is very steep and is underlain by a 
hard, impervious clay. It is usually found on the sides and tops of 

Fic. 1.—Typical chertland, showing the rock on the surface. 

long steep ranges, such as Romney Mountain, just west of Romney, 
or on the tops and sides of the knoblike mountains near Keyser, 
W.Va. Besides being very fertile, the loose rock lying on the surface 
holds the moisture, a condition found to be very important in peach 
growing. 

The red soils are found principally on the east slopes of mountain 
ranges and high valleylike areas between the hills, known locally as 
“‘levels.”’ These lands as a rule have a more level topography and 
are usually free from large, loose stones. On the hillsides, however, 
these soils are shallow, sometimes being only a few inches deep over 
the sandrock orshale lying beneath. ‘Two and four horse implements 
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are worked to advantage on such soils, thus lessening the cost of 
cultivation, while on the chert lands one and two horse implements 
must be used. 

Rainiall ‘is an important factor in peach growing and is believed 
to have much to do with the development of fungous diseases and 
the market quality of peaches. Then, too, frequent rains during 
the picking season lessen the chance of getting them on the market 
at the proper time. 

The average rainfall in this section in the valleys is about 35 inches 
a year, as compared with about 50 inches on the higher parts of the 

Fig. 2.—Typical red-soil topography. The trees have been ‘“opened”’ at the base for the operation 
of “worming.’’ 

Allegheny Mountains to the west. The fact that rainfall increases 
generally with the elevation makes it probable that the orchards 
located on the tops of mountains from 1,500 to 2,000 feet in elevation 
receive a greater rainfall than 35 inches. 

GENERAL SCHEME OF ORCHARD PLANTING. 

Peach trees may be regarded as fillers among the more permanent 
apple trees in many orchards planted in this section during the past 
10 years, and they are so distributed in planting that the apple trees 
are 36 to 40 feet apart in the row each way. This practice seems to 
be due to the following facts: Experience has demonstrated that in 
this section the average profitable life of a peach tree is about 12 
to 14 years, so that in this developmental stage it was believed that 
if the peach orchard paid only the expense of bringing the apple 
orchard to the bearing stage it might prove a wise undertaking. In 
the past the disease known as yellows has destroyed many orchards, 
greatly increasing the element of chance in the enterprise. 

In order to distribute better the labor of picking and to take advan- 
tage of the possible changes in market prices, many varieties are 

17The effect of climatic conditions, soils, topography, and other physical features on orchards is being 

observed and studied by the Office of Field Investigations in Pomology, Bureau of Plant Industry. Such 

facts are considered in this bulletin only to the extent of throwing light on farm-management problems. 
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planted which ripen at different periods. Some orchardists plant the 
same variety on different slopes or at different elevations in order to 
further control the ripening period, having found that the western 
and northern slopes on high elevations tend to retard the ripening. 

The following varieties,' arranged in the order of their ripening 
period and the: number of trees of each kind, were planted several 
years ago on one of the newer orchards of as region. Except one 
variety (the Waddell), all have given good results. 

Trees Trees 

Waddell: .0 52, ioe es A eee Se 500) ) Fox (Poxisaeding) 2-22. ane eee 500 
OarmMan <0. ce 2 snes Pec = ee 500 | Stevens (Stevens Rareripe).......-- 500 

HS Wt es oie Dag ee, NS Sl Sea 000),| Beers Sintogik 2: = 2.55-— eee eee 5, 000 
Belle (Belle of Georgia).-.-.-.------ 500; | Wonderfule: 332-525) => Seems 2, 000 

Reeves (Reeves Favorite)..---.----- 1,000) Salwaiys shee): -\ 23a. See aes 2, 000 
Bib ertars== ae se nce eee nes ee A 000 

Another selection of varieties known to do well in this section and 

which extends the picking period longer is as follows: 

Greensboro, Fox (Fox Seedling). Mount Rose, Geary (Geary Holdon). 
Carman, Walker (Walker's Variegated St. John, Heath (Heath Cling). 

Free). Oldmixon Free, Salway. 

Hiley, Stevens (Stevens Rareripe). Early Crawford, Bilyeu. 

Belle (Belle of Georgia), McCollister. Elberta. 
Champion, Smock. 

The period during which peaches are marketed in this section is 
about 10 weeks, from July 20 to October 15. 

The fact must be taken into account that the season of ripening 
depends on the physical conditions previously mentioned, and under 
such varying conditions ‘the order of ripening of Thats related 
varieties may be reversed. 

Corn, cowpeas, tomatoes, and all garden vegetables are raised in 
many orchards as subsidiary crops to supply food for the farm house- 
hold and the laborers. The canning industry has long been a profit- 
able one in this region, and several orchard companies have installed 
canning factories to can such fruit as may not be shipped profitably 
and to can tomatoes, which they believe may be profitably raised 
during the year, especially when the fruit crop fails. 

COST OF VARIOUS ORCHARD OPERATIONS. 

CLEARING LAND FOR ORCHARDS. 

Much of the land being planted in orchards in this section needs 
to be cleared.2, The cost of clearing in a manner suitable for orchard 

1 Before selecting varieties, pomologists who have studied the experience of orchardists in this section 

should beconsulted. Certain groups of varieties are practically failures on red soils, while they may do well 

on chert lands. The problem of the adaptation of varieties to soils, climate, and elevation is being investi- 

gated by pomologists of the United States Department of Agriculture and the experiment stations. 
2 Goats are being tried by several orchardists to assist in the process ofclearing. Good results are reported, 

but there are not sufficient data upon which to base an estimate of the economic value of the practice. 
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planting is from $10 to $30 per acre, depending on the amount of 
timber growth and also upon the manner of cutting down the trees. 
Some leave the stumps, allowing the process of decay to remove 
them. In other cases dynamite is used to blow them out. Others 
cut the trees off level with the ground, so that the stumps will not 
interfere seriously with the cultivation. This practice increases the 
cost of clearing. 
When a contract is let for clearing land under average conditions, 
the cost is about $20 per acre. On the steep, stony mountain land 
the cost has been $25 to $40 per acre. If it is desired to remove the 
stumps as well as to clear the land in the manner above described, 
the cost ranges from $50 to $60 per acre. In some cases the timber 
may be sold at a profit, thus reducing the cost of clearing land. 

PLANTING. 

The laying-off of the land for planting is done preferably in the fall, 
the operation requiring, after the land is measured and the stakes 
are set, one man, two horses, and a plow. ‘This crew should be able 
to cover about 25 acres per day. ‘Trees are bought in the fall at 
‘prices ranging from 5 to 7 cents and are usually heeled in until the 
soil is in condition for planting in the spring. 

The holes for planting are made in two ways, digging with mattocks 
and shovels or by dynamite, a practice recently adopted by several 
orchardists. ‘Two men should dig the holes and set 125 trees per 
day, the average cost of these operations being 2 cents per tree. 
When dynamiting the holes, the crew may be five men, one man to 
drive the hole with a 10-pound sledge hammer and 3-foot steel bar, 
one to cut the fuse and charge, one to tamp the holes, and two to set 
the trees. This crew should set 125 trees per day at a cost of 5 cents 
per tree. Another method of organizing the crew to make the work 
cost about the same is for three men to drive holes on five rows, one 

man for each row with a box of dynamite, fuse, etc., to charge the 
holes and prepare the fuse for lighting, and one man, usually the 
foreman, to light the fuses on all five rows. Five men follow these 
to throw out dirt from holes. Four men in two groups set the trees. 

The season for planting is either in the fall or in March or April. 
Spring planting seems to be the most common in this section. 

CULTIVATING. 

The season for cultivation is April to August. The general rule 
is to begin cultivating as early in the spring as the soil will permit. 
On the smoother, level lands, such as red soils, the disk harrow is 
used first and is then followed by a spring-tooth harrow. Two 
sections of the spring-tooth harrow may be separated and connected 
by iron bars in such a way as to permit the harrow to work up close 
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to the tree row without crowding the horse or mule against the tree. 
An extension disk harrow is sometimes used for the same reasons, but 

is drawn by four horses, with one team in the lead. One man sits 
on the machine to operate and guide the outfit, while another man 
rides the wheel horse and drives the team. This manner of driving 
a 4-horse team is the common one in this section, and it is obviously 
the best in the orchard. Some orchardists prefer to plow the land 
before harrowing and use the disk little, if at all. 

The horse implements found by experience to be most serviceable 
on such lands are the 1-horse single-shovel plow, the bar-share plow 
(a term applied by West Virginians to the common chilled plow), 
and the spring-tooth harrow. 

On the stony land the ordinary cultivation with horse implements 
will not always keep down weeds and sprouts, so that the operation 
of sprouting is one that adds to the cost of cultivation. On the rich 
chert lands the weeds and sprouts grow vigorously and rapidly. It 
is believed that by thoroughly sproutmg the land this operation 
may later be dispensed with, as the sprouts interfered with in this 
way will cease attempting to grow. 

Cultivation for the control of moisture is not considered such an 
important operation on the land covered thickly with rock, but on 
the exposed soils it must be continuous during the growing season, 
especially when trees are bearing fruit. Cultivation is often con- 
tinued up to the time peaches are picked, since it seems to delay 
ripening, thus furnishing the manager an effective means of control 
when it seems wise to delay ripening a few days. Some growers 
believe that cultivation increases the size of peaches, thus furnishing 
another reason for thorough cultivation. Such facts explain to some 
extent why in this section of West Virginia the cost of cultivation 
increases with the size of the fruit crop. This is partly due, however, 
to the fact that there is a natural tendency to cut down expenses 
when the crop fails. The promise of a good crop also encourages 
expenditure not only to save the crop but to benefit the growth of 
trees for future crops. 

The average orchard is gone over from three to six times a year with 
horse implements, and the newly cleared land is sprouted two or 
three times besides. Few orchardists in this section give absolutely 
clean cultivation, however. Clean cultivation on the red soils costs 

about $10 per acre, while on chert lands it costs about $15 per acre. 
The best orchard managers use a cover crop on the smooth lands. 
This is usually rye, although some have had success with crimson 
clover. The cost of the cover crop is about $2 per acre. 

The cost of cultivation may be said to vary between $5 and $15 
per acre, the variation being due to character of soil, topography, and 
the number of times it seems wise and economical for the owner to 
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cultivate. Clean cultivation on the more level and smooth lands 
requires that they be gone over with horse implements six to eight 
times, and they should have a cover crop during the winter. 

USE OF FERTILIZERS. 

It is common practice in this section to use commercial fertilizer, 
especially on the red soils and other soils derived from shale and sand- 
stone rock. Most of the orchards located on the chert lands have not 
been treated with fertilizers, as the soil is rich and holds moisture 
well. Fertilizer on the thinner soils is applied at the rate of about 
250 to 500 pounds to the acre. . 

Fertilizers may be applied economically at a cost of about $6.25 
per acre for the best grades. An easy method of application is to use 
an 8-foot drill. 

In order to reduce the operating expenses, many growers use com- 
mercial fertilizers sparingly, but this practice is not recommended by 
the best orchardists, because of its importance as a factor in yields, 
and the fertility of the poorer soils should be increased if a profitable 
apple orchard is expected to follow the peaches. Mixtures commonly 
used are the 4-8-5 and 4—8-11 formulas.? 

PRUNING. 

Pruning is done in the winter and early spring when the weather is 
favorable, generally in March and April. The number of trees that 
a man may be expected to prune in a day varies, of course, with the 
size and character of the tree as well as the expertness of the man. 
Under average conditions, however, 1,000 one-year-old trees per day 
should be pruned by one man, 500 two years old, 200 three years old, 
and 125 four years old. Peach trees are not allowed to develop large 
heads, so that after the trees are four years old one man may be 
expected to prune about 100 trees per day. These same data would 
apply to apple trees up to 6 or 7 years of age. 

SPRAYING. 

The spraying outfit on the more level, smooth lands consists of a 
tank, a 3 or 34 horsepower gasoline engine, and other fixtures mounted 
on a truck and hauled by a 2-horse team. The number of trees an 
outfit and crew may be expected to spray in a day will vary, of course, 
with the size of the trees, the character of the land on which the spray- 

1The fertilizer need of the soil for peaches is a very important factor in orchard management and such 

needs are different in different places. The West Virginia Agricultural Experiment Station is conducting 

experiments on various soil types to determine the fertilizer needs. 

2The figures in these formulas refer, respectively, to the percentages of ammonia, phosphoric acid, and 

potash in the fertilizers. 

2Only such details of spraying are given as are necessary to determine the quantity, cost, and time of 

applying the material. There are bulletins which give valuable and detailed information on spraying, 

among them being Farmers’ Bulletin 440. ; 

9680°—-13. 2 
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ing is done, the convenience of facilities, as well as the purpose for 
which the spraying is done. 

The type of road construction in orchards on slopes of chert land 
over which spraying outfits must be hauled is shown in figure 3. 

Three men operate each outfit and in orchards 6 to 12 years old 
on smooth land will spray 500 to 600 trees per day when in the dor- 
mant state and 800 to 1,000 trees per day when in leaf.1 These same 
units would apply to apple trees at about the same age. 

As a rule, peach trees are sprayed three times a year—once in 
March for San Jose scale with the concentrated lime-sulphur solu- 

Fic. 3.—The southeastern slope of an orchard on chertland, showing the road construction used in 
spraying trees and hauling fruit. 

tion and twice for brown-rot and scab with the self-boiled lime- 
sulphur mixture, once soon after the petals fall, and again about three 
or four weeks later. In the two later sprayings arsenate of lead is 
added to the lime-sulphur mixture as a remedy for the curculio. 
A few have found it necessary to make a third application with that 
mixture during the summer to prevent the brown-rot, especially on 
the late-maturing varieties. 

Some orchardists make their own lime-sulphur solution for San 
Jose scale at a cost of $3 to $4 per barrel. Others buy the solution 

1 The trees are sprayed in the dormant state for San Jose scale, and the bark on the entire tree must be 

wet with the spray mixture. This operation takes more time for spraying than the operation for brown- 

rot and curculio, when only the fruit needs to be treated. 
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at from $7 to $9 per barrel, delivered. This is diluted in the ratio 
of 1 part of the mixture to 8 or 10 parts of water. The homemade 
solution can not conveniently be made as strong in solution, so 
that the dilution should be made in the ratio of 1 to 7. Arsenate 
of lead costs about 7 cents per pound in 100-pound lots. The self- 
boiled lime-sulphur mixture can be made at a cost of about 25 
cents per barrel, using the 8-8-50 formula,’ and arsenate of lead is 
used in the ratio 14 or 2 pounds of arsenate of lead to 50 gallons of 
water. It takes about 14 gallons per tree of mature size when 
dormant and 2 gallons when in leaf. It would take about the same 
quantity on apple trees up to 8 and 10 years of age. 

“WORMING” FOR THE PEACH BORER. 

The peach borer is one of the worst enemies of peach trees in this 
region. In April of each year a special operation called “worming” 
is required to deal with this pest. The implements used are a trowel, 
penknife, and sometimes a piece of wire to aid in digging out the 
borers. The trees should be gone over twice in order to do the 
work thoroughly. Under average conditions one man will “worm” 
50 full-grown trees a day. 

THINNING. 

After the “June drop” the fruit may need thinning. This is an 
operation that adds considerably to the expense of producing the 
crop. On the average large orchard for varieties which fruit heavily 
and require thorough thinning one man will thin 20 to 25 trees a day. 

TOP BUDDING. 

Top budding is sometimes done to change the variety of a tree 
which has not come true to name, and in some cases it is found best 
to change the variety in order to ) get those better adapted to the 
local conditions. 

Three men form the crew for the operation of top budding, one 
man to trim the branches on which the buds are to be placed, one 
to place the buds, an operation requiring skillful work, and one to 
tie. It has been found that three men can perform these operations 
on 30 to 40 trees a day. 

HANDLING THE FRUIT. 

In picking fruit, one wagon may be expected to keep agang of 10 
men busy picking 50 baskets to a load and 12 loads a day. 

The grading is done as a rule by women, who seem to acquire more 
expertness for this work than men. One woman will average about 
75 baskets a day. 

The packers and experts in heading packages are sometimes brought 
from Florida and are usually paid by the piece. A packer gets 2 cents 

1 Hight pounds each of unslaked lime and flowers of sulphur to 50 gallons of water. 
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per carrier (about $2 per day) and will pack, on the average, about 
100 carriers a day. Expert packers, however, will pack 150 to 200 
carriers and are paid $2.50 to $3 a day. An expert in heading car- 
riers receives one-fourth of a cent per carrier and will head 800 to 
1,000 carriers daily. The ‘‘Delaware’’ basket, which is estimated to 
hold half a bushel, is used in this section. 

LABOR PROBLEMS. 

In this section the conditions under which labor may be employed 
in orchards and on farms are fixed largely by the mining, quarrying, 
lumber, and railroad industries. The 10-hour day is quite generally 
standard in orchard work and the rate of wages at present is 124 to 15 
cents per hour, or 10 cents per hour when board is furnished. How- 
ever, some orchardists employ labor at $1 a day and board. The 
cost of boarding men, including all charges, such as service, interest, 
miscellaneous expenses, etc., has been 35 to 50 cents per day during 
the past few years, the average being about 45 cents. In the larger 
orchards workmen are boarded in camps. Men, mostly foremen 
with families, who remain on the farm the year round as a rule get 
$30 a month, a cottage, garden, and the use of a team free. Other 
foremen are paid $1.50 to $1.75 a day, with similar perquisites. 

The distribution of labor during the year is well ilustrated on a 
well-managed 250-acre fruit farm having 17,000 peach trees, 1,000 
cherry trees, and about 12,000 apple trees. This orchard employs 
16 men, on the average, for about eight months of the year. During 
the cherry-picking period this force is increased to 20 or 25 men and 
later to 30 or 35 men when the time for thinning and picking peaches 
begins. The full foree durig the picking season has reached 125 
laborers on this orchard. 

The labor problem is a most serious one in this section. During a 
large part of the year there is employment for but few men in the 
orchards, while in the picking season the number required is very 
large. This problem is most serious for the small grower and for those ~ 
who are beginning the business. The experienced orchardists have 
established relations with workmen, as well as with the handlers and 
distributors of fruit. Some keep a labor directory in which the names 
and addresses of all who have worked for them are recorded. When 
wanted for service these men are written to and are asked to bring 
friends with them. 

It is a matter of great interest and importance to note that those 
who seem to have the least trouble in employing workmen when 
wanted and in keeping them are those who insist on proper discipline. 
Rules for this purpose forbid vulgarity and drinking and insist on 
such sanitary regulations as are consistent with camp life. Managers 
are also expected to be solicitous about proper food and comfortable 
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sleeping quarters. Under such conditions young men from schools 
and colleges find congenial employment, as well as the sons of respect- 
able citizens in the community. 

HORSE LABOR. 

A man with one horse to plow or cultivate is generally paid $2 to 
$2.25 per day. A man with two horses may receive $2.50 to $3.50 

per day. Frequently a man with ateam isemployed by the hour, when 
he may receive in some sections 30 cents per hour for a 2-horse team 
or 50 cents per hour for a 4-horse team. 
From an accurate record on one farm it cost for the entire year an 

average of $13 per month to care for and feed one mule. This did 
not include the fre- 
quent pasturing of 
the mule on Sundays. 
Another orchardist 7000 
found that the cost 
of keeping a horse 

: 6000 s 
during the year was 

about $15 per month. 
Bie eee ‘ 

8000 

The variation is $8 to t 
$15 per month, de- ° 
pending largely on } 
the price of feed, > 
which during thepast ¥ 
10 years has varied ¥ 
from $12 to $35 per 
ton for hay and 50 
cents to $1 per bushel 
forcorn. It has been 
acommon practice in 4000 
this section to sell the 
mules and horses in Ses é 
the fall when the culti- < S\N Za \\ @.SERT OCT. NOW, DED. 

vating season is over sinister anh of tr om 
and to buy again in This is approximately the amount of time that 20 mules—the 
the spring when the proper number for such an orchard—could be used during the year. 

erowing season begins. Not all, however, regard this practice as 
satisfactory. There is aloss of 10 to 20 per cent in buying and selling 
in this manner. 

Figure 4 shows in graphic form the number of hours of man labor 
employed on a 400-acre peach orchard during the year 1911. Most 
of the labor represents work done with teams, and shows quite accu- 

_ rately the relative amount of time 16 mules were employed. 
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Based on the average number of men and horses employed on six 
commercial peach orchards in this section of West Virginia it is found 
that the time of one man for one year is required to care for 2,500 
trees, exclusive of the thinning and handling of fruit. This number of 
trees would cover about 20 acres of land. On these same orchards it 
would require the labor of one horse or mule to care for 2,300 trees, 
making, on the average, more than one animal for each 20 acres. 

METHODS OF TRANSPORTATION. 

Peaches are shipped by express or by freight in refrigerator cars in 
carload lots. Table I shows the rates per hundredweight to some 
market points from a station located in about the center of the region 
investigated. 

TasL_eE I.—Freight and express rates per hundred pounds on peaches from a station in 
West Virginia to various market points. 

Rate per hundred- Rate per hundred- 
weight. weight. 

Market. Market. 

Freight. | Express.1 a Freight. | Express.1 

Washington, D.C..........-. $0. 37 $0.50 || Philadelphia, Pa...........-.- $0. 42 $0. 80 
Baltimore JM ee esee-eeeeee 37 700) || Ritts bie hepa. -— - socsee eee | see aerate 75 
Cumberland) Md2 2 see 8 eee ee .50 || Thomas, W. Va. (a typical 
Boston; Masstere. 4232 eet a eee ins 1.50 MINN PyLO WA) | ose ee eee See eee ee -80 
New Yorks iNirYce-nee- cee 42 1.00 

1 The express rates quoted are for packages weighing 100 pounds and less. Rates for carload lots are less, 
but the shipper will choose refrigerator cars when shipping in carload lots. 

Thomas, W. Va., and Cumberland, Md., are near-by towns that 
have no transportation advantages as market pomts. 

COST OF EQUIPMENT. 

The average cost of equipment on several large orchards was found 
to be, in terms of the area of the farm, about $30 per acre. Many 
are equipped at much less cost. A great saving may be made where 
companies of large capital construct very cheap cottages for summer 
camps only. Such companies having orchards in different localities 
of a section may shift their forces from one orchard to another when 
needed, thus enabling them to economize in labor. In such cases the 
total equipment need not cost over $15 to $20 per acre. 

On a 260-acre orchard the equipment consisted of 1 boarding house, 
$900; 1 packing house, $900; 1 barn, $900; sleeping quarters for 40 

men, $600; 3 tenant houses, $1,200; 3 sprayers, $750; 12 horses, 

$2,400; implements and tools, $500; 4 wagons, $260; total, $8,410, 

or $32.36 per acre. On a 400-acre orchard the equipment was 5 ten- 
ant houses, $4,000; 10 packing sheds, $400; camp building, $1,000; 
barn with water equipment, $1,000; 5 spraying outfits, $1,250; 16 
mules, $3,200; 6 wagons, $390; harrows, plows, etc., $500; miscella- 
neous tools, $150; total, $11,890, or $29.70 per acre. 
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RELATION OF THE SIZE OF THE ORCHARD TO SUCCESSFUL MANAGE- 

MENT. 

The size of an orchard is a very important factor. The small 
erower of 5 to 20 acres may find the business profitable as one of the 
enterprises of diversified farming. He must sell in less than carload 
lots and depend wholly on such prices and such market facilities as 
are offered at his shipping point, unless, of course, he belongs to an 
organization which looks after such marketing. 

The large grower, however, should have his orchard of such a size 
and have the varieties so distributed that he may market from day 
to day in carload lots. Another determining factor in the size of an 
orchard is that of labor. The small grower may board his workmen 

Fic. 5.—An orchard on chert land on top of a mountain, viewed from the valley at a distance of about 

amile. The camp for the menis located at the left. 

in the family and thus make them feel satisfied socially, but it is 
found difficult to keep less than from 10 to 20 men together in a 
group in orchards where they are lodged and boarded under camp- 
life conditions. 

The orchard shown in figure 5 contains 400 acres, all on a mountain 
top. 

DISTANCE OF ORCHARD FROM SHIPPING POINT. 

A factor of great importance in peach orcharding is the distance of 
hauling to the shipping pomt. The expense of haulmg not only 
increases as the distance increases, but the hauling over the average 

mountain road for a considerable distance injures the peaches. For 
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these reasons the experienced growers regard 5 miles as the longest 
distance peaches should be hauled. 

LIFE PERIOD OF PEACH ORCHARDS. 

The peach tree normally has a short life and because of this and 
of the ravages of the yellows and the peach borer, the average life 
of a peach orchard is comparatively short. While apple trees 12 to 
14 years old are coming into their most profitable bearing stage, peach 
trees have about ended their profitable existence in this particular 
district. 

One orchard of about 30,000 trees in this section when 13 years 
old bore 50,000 baskets of marketable peaches and netted the owner 
about $18,000. The next year it yielded about 13,000 baskets, 
selling for about $10,000 and lacked about $6,000 of paying expenses. 
If it were not for the fact that many of these trees are fillers in an 
apple orchard it would probably not pay to risk cultivating it any 
longer. The owners of this orchard are expectmg two more crops. 
However, the yield would need to be over 20,000 baskets in order to 
pay operating expenses. This is a critical period and calls for keen 
judgment on the part of the manager to determine what to do. 

Some are experimenting on renewing the head of the tree, a method 
popularly known as ‘‘dehorning.’”” Sometimes the entire head of 
the old tree is removed and a new head permitted to grow im one year. 
Unless the tree has been injured by freezing it is generally thought 
better to cut the trees back gradually. This method promises good 
results in renewing the vigor of the tree and prolonging its profitable 
existence. The chert lands promise larger yields and a longer life 
for peach orchards, but there are not sufficient data upon which to 
base safe conclusions. 

Orchards are more skilfully handled now than formerly, owing to 
the more general application of scientific knowledge of diseases and 
insect pests, as well as to recent discoveries along this line, so that 
the chances in the future are in favor of prolonging the productive 
life of the trees. Most orchardists know the first symptoms of yel- 
lows and remove the tree immediately when such symptoms appear. 
The State inspectors of orchards have done good service along this 
line by requiring diseased trees to be destroyed. 

It may be safe now to count on 12 to 14 years as the period of 
profitable existence of a peach orchard in this district, as stated 
above. The fifth year is generally regarded as the average time when 
a profitable crop may be expected; however, some orchards have 
borne profitable crops the fourth year. Thus, a bearing period of 
8 years may be expected and on the basis of past experience should 
yield an average of from 10 to 12 baskets of peaches per tree during 
the period. — 
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The more skillful and experienced orchardists may get a larger 
average yield than that mentioned; but it is an important fact to 
keep in mind that a crop of as much as 3 baskets per tree in one year 
over a large orchard is an exceptional yield. Taking into consider- 
ation the many chances due to weather, diseases, and insect pests, 
conditions which the most skillful manager can as yet only partially 
control, a large variation from the average of 10 to 12 baskets in the 
8 years can not be expected. 

On a very well-managed orchard on red land a calculation was 
made, based on the history of the orchard, which was 10 years old. 
It has now reached its maximum vigor and will begin to decline. If 
the orchard duplicates its production durmg the period of decline, 
it will have yielded 13.65 baskets per tree during its life of 14 years. 
On the same basis it may be predicted that one of the best orchards 
on chert land at the end of its profitable life at 18 years will have 
yielded 17 baskets of peaches per tree. 

COMMERCIAL ORCHARDING IN WEST VIRGINIA. 17 

SUMMARY OF COSTS IN PEACH ORCHARDING. 

It has been stated that peach orcharding is rarely carried on as a 
separate enterprise. For this reason it is difficult to determine just 
what the profits might be. By analysis of the mformation given, 
however, it is possible to calculate approximately the profits that may 
be expected from a peach orchard alone. 

The cost of land‘ is an important item of expense, and in the end 
must be a determining factor in the distribution of the fruit industry, 
as it is in any other industry. 

At the present time land on which peach orchards are developing 
will cost from $10 to $35 per acre, the average price of cleared land 
being about $20, which amount will be taken as a basis of calcu- 
lation. Lake all regions where a new industry is developing, the tend- 
ency has been to put a speculative value on land. For the purposes 
of taxation and for use the farmers in this section value such land at 
about $8 per acre. 

The original cost of land, improvements, planting of trees, equip- 
ment, accumulated interest, and the cost of routine operations for the 
development and maintenance of the orchard may at the end of four 
years be considered the investment in the business. At this time 
the orchard should begin to yield an income. By the end of its life 
the orchard should have paid a reasonable dividend on the investment 
at 4 years of age and should have returned to the owner or stock- 
holders all it cost except the market value of the land and equipment 
at the end of the period. 

1 Many years ago peaches were raised for the market in the Shenandoah Valley, but the rise in price of land 

is admitted to be one of the great factors in pushing these industries into the region of cheaper land to the 

west. 
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The cash value of land and equipment will be determined at that 
time, but it may be assumed to be worth the original cost. The value 
should not be less if the land has been cultivated and fertilized asspeci- 
fied in this bulletin. 

Table II summarizes the costs per acre and per tree of bringing a 
peach orchard to the bearing stage at the end of 4 years of age and of 
operating it after this time till 14 years of age, when it may be 
expected to have lived its period of profitable existence. The condi- 
tions specified relating to smooth land are clean cultivation, a cover 
crop, thorough “‘worming’”’ and spraying, and $1,200 per year for 
the manager. The size of the orchard is assumed to be 200 acres. 
In the two columns at the right of the second part of the table the 
costs of operating an orchard on chert lands are summarized. 

TaBLE II.—Items of cost of bringing to bearing and operating a peach orchard in West 

Virginia? 

Cost Cost Item. per acre. | per tree. 

BRINGING AN ORCHARD TO BEARING. 
Real estate: 

Lan’ wiacdichaicle ciopeteia les gee! be one oak ak eee ee eee eee eee eee $20. 00 $0. 1538 
IB Quipment 2.2.25 sshd. gt sees eee s eee See Se eee Cerne cee 30. 00 - 2307 

Cost of planting orchard: 
130 trees'per dere; at 7. CentS:5 5: «ois ee) Seneca eee ae Rea oe eee ee ee 9.10 . 0700 
Planting trees (dynamiting); ati> cents)s- 2 s- ese neo eee essen sae nese eee 6. 50 . 0500 
Plowing and Jaying Ont, atigole.j.c.- 2-5. cose ee seses e oe Eee |= =e rece eee 5. 00 - 0385 

Routine operating expenses: 
Interest on capital invested in land and planting of orchard, 4 years, at 6 per cent 
compound Interest=. i. S222 28 ce ee een eee Cee eee ee eee 18. 50 1425 

Cultivation andicire of orchard, first year. /ssss ss" 2a- eee ease See eee 14. 00 - 1076 
Cultivation and care of orchard for 3 years more until bearing state, at $20 per acre. - 60. 00 - 4615 
Salary of manager, 4 years, at $1,200 per year ..-. 2-2-2. 2 oo - ow eee 24. 00 - 1845 

Total investment, at-4 yeanss <2 4... 20-2 2cbeeseen eae Oe ene c= ae eee 187.10 1. 4391 

UNITS OF COST FOR OPERATING EXPENSES DURING BEARING PERIOD OF PEACH ORCHARD. 

On smooth land. On chert land. 

Item. 
Cost Cost Cost Cost 

per acre. | per tree. | per acre. | per tree. 

Cultivation See. ; .. 225s scenes. ch eee aon eee eee $10.00 | $0.0769 $15. 00 $0. 1154 
COVEL CLOpS eens ~~ - 52s toeeelepee = eels eens eee eee eer « 2.00 SIGS) ee cldasctolloaaesemaae 
Spraying for San Jose scale, each year.......-...-------------- 4.00 0310 5. 00 0385 
Spraying for fungous diseases and curculio............--------- 44.00 4.0310 6. 40 0410 
Wiormling.. == See: . slo alee pe eines ceiaie Sinel= Cle me ast ee areata == 3.00 0230 3.00 0230 
interestoninvespment . =... 2s e gees siecle ater i tae t= 11. 23 0864 16. 89 1300 
interést on) Curreénexpenses =. 2 Hee. <n n- 2 2 oe ea aa a = 1. 25 009 1.50 0114 
Mer tilizer =: Scseeeee 6. = - <2 2c ee Steck aac Sone eee oe ose 6. 25 0480 2.00 0154 
PAKS 3 os) bs Soe aad ae Re ars craters cla es = ae - 50 0038 - 50 0038 
Losses on mulesigu@ashorses ..= <ccpe = n2 oo -- = oan a eels |= = = - 50 0038 - 50 0038 
IREDSITS >. oo oe Leen = + - oe i Soe). neces och ateeee +222 1.00 0076 1.50 0114 
Lhe talchiecl Wey. qefetacc!:|.. eee OMS Sra crmooe acco. 57 Hesee 2. 50 0192 3.00 0230 
Manarer; ‘at'$i;200;petsyear.. ames. > ene ecm eee =i a= 6. 00 0462 6. 00 0462 

TObaL ie oye e = = = = 0 MRS ia tntarcte wm aia aie ate a Eo ele 52. 23 - 4018 61. 29 - 4629 

1 When the trees are ‘‘opened”’ at the base for the operation of “‘worming,”’ it is recommended by some 
experienced orchardists that they be gone over twice in order to find all the borers. 

2 The cost of bringing an orchard to the bearing stage on chert land will be about $95 per acre more than 
on smooth land, due (1) to the higher price of land, (2) to the higher cost of cultivation, and (3) to the 
higher cost of equipment for spraying. The estimated cost, including cost of land, is $281.50 per acre. _ 

% The chert lands are steep and stony and also high above the valley, where water in large quantities is 
not immediately available for spraying. This water is usually lifted by machinery. Roads are built 
about 200 feet apart in some orchards on which the spraying outfit is hauled. The trees are reached by 
means of rubber hose 75 to 100 feet long. Spraying is thus more expensive in such orchards. 

4 Twice a year when fruiting, at $5 per acre during period. 
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The costs in commercial peach orcharding, as shown in the tables, 
are higher than the estimates given by most orchardists in this section. 
The estimates given by experienced orchardists are no doubt approxi- 
mately correct for their particular conditions. Few orchardists, 
however, do as thorough cultivation and spraying as is assumed in 
working out the unit costs given in the tables. Some orchards on 
chert land have not yet been sprayed-at the age of 8 to 10 years. 

Based on such records as could be had and on estimates given by 
managers the average cost per tree per year for routine operating 
expenses in this section is about 37 cents. The cost of thinning, pick- 
ing, packing, and loading on cars the average distance from market 
is about 18 cents per basket. — 

In some orchard districts it has been found that the returns bear 
a close relationship to the expense of production, 1. e., increased cost 
of production within certain limits stands for increased efficiency and 
a corresponding increase in returns. 

The estimates given for the cost of bringing the orchard to the bear- 
ing stage through a period of four years vary from 75 cents to $1.50 
per tree. On the basis of common methods of caring for the orchard 
through this period, the cost would average about 80 cents per tree 
on smooth land and about $1 per tree on chert lands. The figures 
given in Table II are based on the most thorough and approved meth- 
ods of management, while these lower estimates are based on the 
methods found in more common practice. 

HISTORY OF YIELDS OF REPRESENTATIVE ORCHARDS. 

Table III gives the actual yields on several of the large commercial 
orchards in representative sections of this region. 

TaBLe III.— Yields of seven large commercial peach orchards in West Virginia. 

Number | Number of . Periods of | Price per . 
Orchard No. of trees. baskets. INEUIEESGS. bearing. SEaREE Soil. 

SPP se 2 (o i csi s ciaicretors 9,000 18,757 | None...... 1910 to 1912 $0.52 | Red. 
D2 66 6ne Boe E Re SEE Eee 8,000 LPtes |oos6O5oossollscoce dopeeece .67 | Chert and red. 
Bh. cosecUEeen ee eos 30, 000 GSHOTS tee wae omenoeee CWsccrse .72 | Red. 
Ah ese eae ae 17,000 116,000 | 1 year..... 1908 to 1911 69 Do. 
EP ee yet ials oidic crs ieje chee 2 15, 000 191,500 |...do......| 1905 to 1912 .74 | Chert. 
Geese ese cel Seta. 30, 000 52,000 | None......|....- doses . 69 Do. 
7. sae ee 35,000 95 ,000H Mendon ess: 1912 167 Do. 

Taking the above figures as a basis for computing the average yield 
per tree it is found that each tree may be expected to bear 1.24 
baskets per tree during the crop years. On the basis of the above 
history and the estimates given by growers of long experience in this 
region it would be safe to count on eight crops of peaches during the 
life of the orchard. This would give an average of about 10 baskets 
of peaches per tree for the life period of the orchard. The better 
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managed orchards may be expected to do much better, of course. 
From 13 to 14 baskets may be expected from a well-managed orchard 
on red soil and 15 to 18 on chert soil. 

ESTIMATED PROFITS. 

The units of cost summarized in the tables and the average yields 
which may be expected during the life of an orchard furnish a basis 
for estimating profits. 

If 10 baskets of peaches are assumed to be the average yield of a 
tree during its life under average conditions of management on 
smooth red-shale land, the total cost of these 10 baskets may be 
stated as shown in Table IV. 

It must be taken into account that the figures given in the table 
are based on average conditions of management, which, of course, are 
not as efficient as the conditions assumed in orchards which are de- 
scribed in the pages following. 

TABLE 1V.—Cost of peaches, per tree and per basket, on smooth red-shale land in West 
Virginia, assuming a 10-basket yield during the life of the tree. 

Items of expense. Per tree. Per 
basket. 

Cost of treentil bearing/stage 2535026.) oscssdemenee ae eeo see eee aes aa EERE ene $0. 80 _ $0.08 
Cost of routine operating expenses, 35 cents per tree for 10 years....-...---..----...- 3.50 Apt) 
Cost of handling and packing baskets of peaches during 10 years.............-....-.- 2.00 -20 

Totalicost. 22. .i0le oe occ evink onedee see slags see see eee es sees ae eee 6.30 -63 

1 The cost of bringing the tree to the bearing stage does not include the original cost of land and equip- 
ment. These items are assumed to be worth at the end of the period the original cost. Thus, the inter- 
est alone on this amount would affect the cost of the tree. 

This would make the cost of growing peaches during the period of 
10 years 63 cents per basket. It may be doubted whether the peaches 
grown under such average conditions as are assumed could be ex- 
pected to bring more than 63 cents per basket. The average price 
according to the record given is 67 cents per basket. Based on such 
a price, the average net profit would be 4 cents per basket, or 40 cents 
per tree for the period. 
A particular orchard on smooth red-shale land, operated in the 

manner specified in this bulletin and having more efficient manage- 
ment, may be expected to give a larger average yield and peaches of 
better quality, thus commanding a better price. Such an orchard 
now being operated will have yielded at the end of the period, if the 
past rate of production continues, 13.8 baskets of fruit per tree. The 
costs of this orchard, allowing $1,200 per year for the manager (this 
item is not counted in the first estimate), would appear about as 
shown in Table V. 
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TaBLE V.—Cost of peaches per tree and per basket on smooth red-shale land in West 
Virginia under more efficient management than the orchard summarized in Table IV. 

< Per Items of expense. Per tree. ies. 

COSA eam OTS tae: (fiiuhl Vel ers ceee see totes cemkeie = ccecias nee ces hoes areebscee acces $1.03 $0. 0746 
SHoOurolime Operatinaiexpenses, 10 years). =.=) = 22 qe 22 eee ese sas eeicioe eee = 4.18 «3030 

Cosizeahandling/and marketing fruit, 10 years.......-..-------cense- se ee ne ee-e-e- PET) . 2000 

SROTANCOS teem cree nme rete iae nate Sere nse se haa one nan eee nAaee sase eas 35 7.96 .5776 

The average price for peaches on this orchard has been 69 cents. 
If this price should continue and the rate of past yields be maintained, | 
a net profit of 11.24 cents per basket may be expected, or $1.55 per 
tree. 

Another orchard located on chert land and cared for in an up-to-date 
manner will have produced, on the basis of past records, 16 baskets 
of fruit at 16 years of age. The average price of peaches from this 
orchard during the past eight years has been 74 cents per basket. 
Table VI gives the estimated costs for, this orchard. 

TaBLE VI.—Cost of peaches, per tree and per basket, on chert land in West Virginia. 

Per 
Items of expense. Per tree. ingeinate. 

Costomunesince uMtilybearineistages ss). 9. 2s. eS noes ee sh ode alee leeks wees $1. 40 $0. 0875 
Cost of routine operating expenses for 11 years, at 46.3 cents....-...--..--..--------- 5.09 - 3181 
Cost of handling and marketing 16 baskets of fruit, at 22 cents.-..-....-..--.-------- 3. 52 - 2200 

TOT COM fo eo asc bee Se ae Ee AHN OE OE ye EES ice As a ee eee ere a 10. 01 . 6256 

At 74 cents per basket this orchard may expect a net profit of 11.44 
cents per basket, or $1.83 per tree. 

It would seem from the above analysis that superior and more 
expensive management as well as exceptional natural advantages 
will lessen the average cost per basket and will also increase the 
average market price by producing peaches of exceptional quality. 
The fact that increased cost per acre and per tree has decreased 
the cost per basket 1 is explained on the ground that by this expense 
the yield was increased more proportionally than the amount of such 
expense. This decrease in cost per basket, of course, could not 
continue in proportion to the added expense per acre. A point would 
quickly be reached where the added expense would increase the cost 
per basket, and if the quality remained the same no economic advan- 
tage would be secured. This is an important problem for the 
manager to work out as his orchard grows. 

1 Jn mathematical terms these facts may be stated thus: The cost per basket varies directly as the total 

expense of the orchard and inversely as the total yield. 
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PRINCIPLES OF ECONOMY IN ORCHARD MANAGEMENT. 

The most difficult problem for the farm manager is to determine 
where to spend more in the line of operations and where to spend 
less in order to increase net profits. 

Land, of course, is a fixed expense expected to be paid for at the 
outset on the advantages of soil, weather conditions, topography, and 
distance from shipping point. The statement of costs already given 
ought to furnish a good basis for calculating the amount which the 
purchaser of orchard lands can afford to pay. It is very easy to 
pay an amount that would make it practically impossible to make 
the proposition profitable, no matter what economy might be used 
in operation. 
Many good orchardists economize on buildings. This may be done 

with profit in those cases where the buildings for board and lodging, 
cottages for farmers, and stables for stock are summer quarters only. 
Packing sheds may be constructed at very little expense also, if 
regarded as temporary. If the site, however, is to be the home of 
the manager and foreman the year round, then the buildings must be 
constructed for home purposes and will cost much more. Barns and 
other outbuildings would also need to be constructed accordingly. 
Two items of greatest expense on the thinner soils are cultivation 

and fertilization. Probably the great majority of orchardists cut 
down mostly on these items. No special data are yet available to 
prove positively that this policy is not wise. The orchard reporting 
the largest yields and highest average price for fruit, however, is one 
that follows the practice of clean cultivation and that fertilizes the 
land liberally at a cost of from $5.25 to $6.25 per acre. On the whole, 
the most promising orchards on the smooth, thin lands are those 
receiving the most thorough cultivation and fertilization. The 
economic value of nitrogen applied to peach orchards has long been 
known, and recent experiments in some of these orchards have 
verified these conclusions beyond a doubt. Both cultivation and the 
application of fertilizer are a means of controllmg moisture and of 
building up the soil. This in most cases sustains and makes profitable 
a future apple orchard. 
Some of the orchards on which the yields have been stated have 

had little expense put on them for spraying. Such orchards are 
found located on chert land high up on the mountains. These in 
some cases have not had a bad crop record, but the owners are con- 
vinced that they must begin to spray, since fungous diseases injure 
the quality of the peaches to a large extent and the curculio is also 
increasing its ravages on such land. 

While the cost of spraying is a large item in the expense account 
it is one of those items which may be expected to directly increase the 
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profits up to a certain pot. Besides, thorough spraying is a means 
of insuring the crop when once it 1s set on the trees. 

The cost of management is one that varies greatly in this section. 
The fact that orcharding has been carried on here as an important 
industry for many years and the further fact that the value of spray- 
ing trees for fungous diseases is thoroughly understood and has 
become an established practice make it comparatively easy to get 
foremen who are reliable and understand these operations. By com- 
bining this knowledge of the foreman with the business knowledge of 
a banker, a lawyer, or a merchant it becomes possible to cut down 
the item for management to the nominal sum of $25 to $50 per month. 
At $50 per month there would be saved on the orchard proposition 
above discussed $8,400 during the life period of such orchard. At 
$25 per month for management, the amount generally paid for such 
service, it would save $12,600. Unless the manager who is paid 

$1,200 to $1,600 per year could in some way increase the profits of 
the orchard more than this amount, such salaries could not be paid 
on any economic basis. 
A very common method of cutting down operating expenses is the 

raising of subsidiary crops during the period before the orchard has 
arrived at the bearing stage, and to some extent afterwards. In 
this section tomatoes have proved to be the most profitable, and it 
is believed that they interfere less with the moisture content and 
fertility of the soil. 
On chert lands a crop of corn is atten raised during the first year 

and on such soils it often pays one year’s operating expenses. 

Nearly all orchardists raise the vegetables used on the table in the 
camps, but as a rule nothing is raised in the orchards except cover 

crops after the bearing period begins. Some, however, are experi- 
- menting with tomatoes in the peach orchards when the fruit has 

failed. This practice in some cases is believed to be profitable. 
Many experienced growers, however, are convinced that it is not an 
economic practice. 

Diversification is the means by which the general farmer has 
learned to deal with the conditions which he can not directly control. 
It has proved to be more profitable in the long run, and it is the safer 
practice, especially for those with limited capital. There is a marked 
tendency toward diversification in the fruit industry in this section. 
No orchard company was found which had invested in peaches or 
apples alone. Some have combined cherries and pears, and a few 
are taking up small fruits, trucking, and alfalfa. 

The smaller growers as a rule attempt to raise feed for the stock. 
_ As already stated, the teams are idle more than half the year. 
This fact suggests the possibility of a system of management being 
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worked out by which the feed bill of the teams could be greatly 
reduced. On a 200-acre orchard the feed for teams costs about 
$1,200 per year, which amounts in 14 years to $16,800, a sum which 
would materially increase the dividends of the company if it could 
be earned by the teams when idle. 

SOME CONCLUSIONS. 

If a record could be obtained of every peach tree which has been 
set out during the past 25 years in the section of West Virginia under 
discussion it would, no doubt, show that costs had far exceeded 
receipts in peach orcharding. The same fact would probably be 
true of mining. In such enterprises the expectation of unusual 
profits causes many people who know little about the details of man- 
aging them to take chances in winning the unusual profits. The 
result is that many have lost money and a very few have made the 
unusual profit. Thus, there is an economic waste which society 
ought not to permit. This can be prevented only by making it pos- 
sible for individuals to profit by the experience which has been won 
at so great a cost. : 

With the most favorable conditions that can be reasonably ex- 
pected and under the most skillful and experienced management aver- 
age dividends of over 25 per cent are practically impossible, but at 
an average price of 65 cents per basket a good manager might rea- 
sonably expect to pay 10 per cent dividends on the money invested. 
It is true that an orchard now and then has paid over 100 per cent. 
This is unusual, and the history of these same orchards will demon- 
strate that the net yearly profits for the life period can not be expected 
to exceed those of average well-managed legitimate business enter- 
prises. 

(UES COPIES ofthis publication - 
may be procured from the SUPERINTEND- 

ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C., at 5 cents per copy 
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INTRODUCTION. 

The cooperative experiments conducted at the Nephi (Utah) sub- 
station since 1907 comprise two distinct but closely related groups: 
(1) Varietal and improvement tests of several dry-land crops, and 

(2) cultural experiments with these crops. The experiments are 
confined to dry-land crops and practices. They deal chiefly with the 
cereals, of which wheat is the most important. Winter varieties of 
wheat, oats, and barley are much more important than spring 
varieties. 

Only those investigations which concern the first group of experi- 
ments, i. e., varietal and improvement tests, are dealt with in this 

bulletin. 
A preliminary report of cooperative cereal investigations at the 

Nephi substation was published in the spring of 1910.2 This report 
covered the work from the beginning of the cooperation * on July 1, 
1907, to the end of the season of 1909. Most of the experiments 

1 The Nephi substation was established in 1903 by the Utah Agricultural Experiment Station. From 

that time until July 1, 1907, it was operated as one of several ‘‘county farms” located at various points 

in the State. Prof. L. A. Merrill, agronomist of the Utah station, directed the work from 1903 to 1905. 
Thereafter until 1907 it was under the direction of Prof. W. M. Jardine, agronomist of the Utah station. 

On July 1, 1907, cooperation between the Utah experiment station and the Bureau of Plant Industry 

was effected, and F. D. Farrell, of the U. S. Department of Agriculture, was placed in charge of the sub- 

station. He was succeeded on March 15, 1910, by the present superintendent. From the time of the 

establishment of the station until July 1, 1912, at which time he was succeeded by Mr. A. D. Ellison, Mr. 

Stephen Boswell was foreman. From 1907 to 1912 the State of Utah has been represented through Prof. 

L. A. Merrill, agronomist in charge of arid farms. 

2 Farrell, F. D. Dry-land grains in the Great Basin. U.S: Department of Agriculture, Bureau of 

Plant Industry, Circular 61, 40 p., 1910. 

3 On July 1, 1907, a “‘memorandum of understanding between the Utah Agricultural Experiment Sta- 

tion and the Bureau of Plant Industry, U. S. Department of Agriculture,’’ was accepted by both parties. 

This memorandum specified that “the objects of these cooperative investigations shall be (1) to improve 

the cereals of the intermountain region by introducing or producing better varieties than those now 

grown, especially with regard to drought resistance, yield, quality, earliness, etc.; (2) to conduct such 

other experiments as might seem advisable for the accomplishment of the greatest possible good to the 

dry-land interests of the State.”’ iG 

9679°—Bull. 30—13——1 
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reported in this bulletin were begun during that period, but the work 
had not progressed far enough in 1909 to warrant the publication of 
any conclusions.. Now, however, considerable definite EBoemebion 
is at hand, which is pecsented and discussed herein. 

DESCRIPTION OF THE SUBSTATION. 

It is believed that the results obtained at Nephi are applicable to 
only a portion of the Great Basin area. In many sections of the — 
Great Basin the rainfall is so limited that dry farming as it is now 
understood is quite impossible. There are many thousands of acres 

Fic. 1.—View of a portion of the Juab Valley, Utah, looking east along the Levan Ridge toward the 

Vasatch Range. The substation farm occupies the foreground. Photographed April 23, 1912. 

in this area, however, where the results obtained at the Nephi sub- 
station are applicable. A comparison of the climate of any section 
with that of Nephi will show whether or not it is safe to apply them. 
In making such a comparison the exact location, the amount and 
distribution of the rainfall, and other climatological factors should 
be considered in detail before any conclusions are drawn. In order 
to allow such a comparison, a detailed description of the Nephi sub- 

~ station is here given. 
LOCATION. 

The Nephi substation is located in Juab Valley, in the eastern part 
of Juab County, Utah, almost in the center of the State. This valley 
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is fairly typical, in its orientation and proportions, of most of the 
valleys in the intermountain region. It is about 20 miles long from 
north to south and from 3 to 5 miles wide. South of the city of 
Nephi a transverse ridge, called the Levan Ridge, crosses the valley 
from east to west. This ridge, which is rather fan shaped, slopes 
gradually in three directions from the east, where it abuts upon the 
base of the mountains. It is-from 5 to 6 miles wide, and the crest 

is about 500 feet above the valley floor, or nearly 6,000 feet above 
sea level. Dry farming is practiced generally over the ridge. Under 
the system of alternate fallowing and cropping which is followed, from 
150,000 to 175,000 bushels of winter wheat are produced annually. 

Fic. 2.—Instruments for recording physical data at the substation, Nephi, Utah. 

The substation is about 6 miles south of the city of Nephi. It com- 
prises about 100 acres of land, situated near the top of the north 
slope of-the Levan Ridge. Figure 1 shows a view of the Juab Valley 

in the vicinity of the substation. 

PHYSICAL FACTORS. 

In making a study of crop yields for a series of years it is essential 
first to have some knowledge of the physical factors which have in- 
fluenced the growth of the crops. The most important physical 
factors to be considered are: (1) The soil; (2) rainfall, its distribu- 

tion and amount during each month and during the year; (3) 

evaporation, especially that during the crop season; (4) wind, with 
special reference to that which passes directly over the ground sur- 
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face; and (5) temperature, especially the frequency of killing frosts 
which limit the growing period. These factors will be discussed as 
they have been recorded! at the Nephi substation. Figure 2 shows 
the apparatus used in recording these data. 

' 

| 

Fic. 3.—View of one wallof a deep gully or small canyon near the Nephi substation, showing stratified 

soil formation to a depth of 20 feet. The light-colored stratum is the blue clay mentioned in the 

text. 

SOIL. 

The soil of the Nephi substation is reasonably typical of a large 
proportion of the soils of the Great Basin, which are mostly alluvial. 

1 With the exception of the rain gauge, the physical apparatus in use at the substation was installed by 

the Biophysical Laboratory of the Bureau of Plant Industry, which is cooperating in the work, The 

apparatus includes an evaporation tank, an anemometer, an air thermograph, thermometers, psychrom- 

eters, and a complete outfit for making soil-moisture determinations. 
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That at Nephi is very deep and is mostly reddish brown in color. 
The upper 3 or 4 feet of soil are composed of clay loam, containing 
about 15 per cent of clay. This relatively high percentage of clay 
makes the soil rather difficult to handle in either wet or extremely dry 
weather. The second and third feet of soil contam a noticeable but 
scattered amount of gypsum which has been washed from the 
extensive deposits found on the mountains to the east. The fifth, 
sixth, and seventh feet contain a larger percentage of fine sand and 
sult, with occasional pockets of gravel. From the eighth to the tenth 
foot there is a stratum of rather heavy blue clay, which usually has a 
comparatively high moisture content. The root system of a winter- 
wheat plant which was washed out in 1910 was found to terminate 

Fig. 4.—View of a portion of the Juab Valley near the Nephi substation, showing characteristic vege- 

tation, mostly sagebrush. 

in this blue stratum. That this would be the case generally can be 
only assumed. Below the blue stratum the soil alternates between 
a clay and a sandy loam to great depths. Figure 3 shows the 
different strata of soil as they appear in a deep gulch near the 
station farm. 

NATIVE VEGETATION. 

According to old settlers of that section, the Levan Ridge was 
covered with ‘‘bluegrass” (Agropyron sp.) as late as 50 years ago. 
At that time the grass was sometimes cut for hay. Later, sheep 
srazed the ridge heavily and plants not good for forage soon began 
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to take the place of the ‘“‘bluegrass.”’ In 1903, when the substation 
was established, the entire ridge was covered with sagebrush (Artemisia 
tridentata). (Fig. 4.) 

RAINFALL. 

Table I contains a record of the annual precipitation in the Juab 
Valley by months for the years 1898 to 1912, inclusive. Previous to 
1904 the record was kept at Levan, 6 miles south of the substation, 
by a cooperative observer of the United States Weather Bureau. 
Since 1904 the record has been kept at the substation. The average 
annual precipitation near or at the Nephi substation for the past 15 
years has been 13.6 inches. 

TaBLeE I.— Monthly and annual precipitation (in inehes) in the Juab Valley, Utah, 1898 
to.1912, with the average, maximum, and minimum for each month. 

Year, etc. Jan. | Feb. | Mar. | Apr. | May.|June.| July. | Aug. | Sept.| Oct. | Nov.| Dec. | Total. 

SOS ee se lee Neos 0.80 | 0.25 | 1.45 | 1.06 | 5.57 | 0.90 | 1.62 | 0.73 | 0 0.99 | 0.94 | 1.36 15. 67 
ESO G Te Sa ee Boece 1.43 | 2.25 | 3.96 arb: dears) -95 -25 | 1.06 | 0 2.07 | 1.09 | 1.91 17. 43 
TOO eS te See oe ST erat Niners [lees (0s Meeeates 0 MieenOo0)| rae -28 | 1.70}. 69 | 1545 | 319] + 10/34 
LOD Ue eer ae so oe -93 | 2.23 | 1.88 | 1.02] 1.74 | > 229)) 3-25 | dbo) 218) desd .53 | 1.40 | © 13.31 
iL pen ee ns Supe ta ops lea Ae eal i ale aillay | < 3(033 .32 -20 | .91 | 1.62 | 1.98 | 1.72 | 12.49 
AOD Be ee ee eee 1.64} .98] 1.33 | 2.03 | 2.26|]-.48] .47 ebb |) 92) TSG iene 2524 19558 
190 45S eae .68 | 1.44 | 2.41 80) 3: LON 205 |) osoOuieenen -20) 1.05 /0. -97 | W.20 
Sh telat eeeeee ear ae ee P2SH ea |lros te deo SOs a! ol eeOOMgonlln -08 | 1.01 a7 | 12.63 
[OUG Seles eee 1.48 -68 | 3.83 | 2.87 | 2.92 -43 -80 | 1.57 -61 | (@) | 1.47) 1.82 18. 48 
LOO TA eee ee ert 1.90 | 2:01 | 1.42] .93) 1.76) 1.58] .32) 1.46] .74] .84) .50,/ 1.97} 15.43 
190 Seat eit es see OL | 1.11 | 12 29 | 3.64 - 67 -52 | 3.41 | 2.28 | 1.73] .46 |] .621] 16.66 
go ones Cater Se ave Rn Dia) U70F} 103) 2221 A0Se|mmepei -95 | 2.84] .68 | .32') 1.53 } 151 16.19 
1GIQ RSS SE aR ere aaaa: to otal .81 “46|) <7 2eieeOs 208 | 2-10) 2237 | Toi 258 1s 284 9.08 
gs US oes ich Oe 1.92 GL 105s) 5 56) 24a 76 led, -28 | 1.07 | 275 |) 544 266) 10)11 
iN) Gis) dees aie eee a ee .39 29} 2.80 | 1.47 | 1.05 allie 19 -35 -47 | 3.35 | 1.25 o20\, 12.61 

Average. .-=-- 12s | L233 AES assy | dese -45 - 60 -98 | 1.02 | 1.19 -90 | 1.09 13. 61 
Maximum....| 2.57 | 2.25 | 3.96 | 3.70 | 5.57 |°1.58 | 1.77 | 3.41 | 3.17 | 3.35 | 1.98 | 1.97 18. 48 
Minimum....| .28 25 ale .29 -16 - 03 - 03 -10 | 0 () | 0 -19 9.08 

1 Trace. 

1898 1899 1900 1901 1902 1903 1904 1908 1906 1907 1908. 1909 HO SH 122 Table I shows that 

the maximum precipi- 
tation during the 15 
years from 1898 to 
1912,. inclusive, was 
18.48 inches (in 1906) 

and the minimum for 
the same period was 
9.08 inches Gin 1910). 

During that time the 
precipitation has been 
above normal six 
years, below normal 
nine years. This fact 

(INCHES OF PRECIPITATION. 

Fic. 5.—Graph showing the annual precipitation in inches for the~ ~ % 

15-year period, 1898 to 1912, inclusive, at or near the substation, is shown graphically 
Nephi, Utah. 

in figure 5. 
Table I shows, further, that March, April, and May are the wettest 

months, May having the highest average, 1.84 inches. June and 
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July are by far the driest months. Most of the precipitation from 
November to March comes in the form of snow. The average 
monthly distribution of the annual precipitation at Nephi, 1898 to 
1912, inclusive, is shown graphically in figure 6. 

Since 1908 an accurate record of the daily rainfall at the Nephi 
substation has been kept. A summary of these data is presented in 
Table II, which shows the number of days in each month from 1908 
to 1912 on which rain fell, the number on which the precipitation 
exceeded 0.5 inch, and the maximum and minimum rainfall on any 
one day. 

Tas LE I].—Precipitation at the Nephi substation, 1908 to 1912, showing the number of 
days in each month on which rain fell, the number of days on which the precipitation 
exceeded 0.5 inch, and the maximum and minimum rainfall on any one day. 

1908 1909 1910 1911 1912 

Rainy | Inches } Rainy | Inches | Rainy | Inches | Rainy | Inches | Rainy | Inches 
days. |ofrain. | days. | ofrain.| days. |ofrain. | days. | ofraia.| days. |of rain. 

Month, etc. ; : = ra ; 
a it a is i 

. d|)¢]¢ alg|¢ Blg|q Pale dg) alt . . . . [=} * 

|| | 6] 8 2 || 8 2/3/58 | e|é 
Pe Cane Seeks | Sie ieea Bob ie ee) Sel aatag 
SISIRISISISIRISISISIBISISIS I HI GISIS 1 Hla SB) EGE See elise Se els lS | eo eels 1 Ge 
ero ve aervor isi |e Womens: |e. Sie le 6 setae 

aM aT yee 4 0,0.37\0.03) 6 1\1.30)0.13) 6) 0)0.20,0.01 4 1/1.38|0.10} 4} 0.0.13|0.07 
February... ..- 5} 0} .42) .10) 5} 2) .69) .06) 4) 0} .31) .04) 5) 0} .28) .05} 3) Oj .10) .09 
Marchesa. 25 22. 4 1) . 76) .03} 6) OO} .42! .03| 2 We 46) 05) 2) 5 2) sib3) 252 8) 3} :. 75] -05 
Axpriltess.: 2k es 2) Oj 225) .04) Gi 2). 78) .12) 4) 0}, 40) ©. 4) Oj .28] .05) 10) 1) .58} .03 
Mayen stesso cc. 9} 3/1.15) .02) 5 0} .46) . 01 ole) (Ol eel: 21) O} SL} 207 7| 1) .55} .02 
thme js s5 3263221 3 0 20) 08 1 One L700) ot 0} .03) .00) 8 0) .43) T. 5 0} .11| T. 
Mliye stein w= 5 GO 22 71021 Gee Olan Ool Lays s0) sia] ie Ole LeOdl Bits 8} 0) .36) .O1 
NOP ES ieee en 3} 212.61) .10) 13) 3) . 72) T. Seale OS | eek SOS ee 7 «600} - 14) T. 
September... -- 6) 2 4t) 02) (8) O25) 02) 9 IN (all Ab Gili G4) 8 4) 0) .44) T. 
October.....-.- Al = PALE PAN) Seat Par) XU) SPA eal 5 1) .83) T.; 4! OO} .46] .07; 12 Une) AN 
November... .- 1 1) .46} .00 5 1} .90) .10) 3) Oj .43) -07; 2 Oj .3) .183 5 1} .51} .02 
December... -- af) Lh 753) 104) 6 1) .50} .05 3 1] .65) .04; 5 0} .23) .10; 3) 0} .14) .05 

= | 

For the year: 
MRotdalers == = - 54| 12 8 We cec| sce} (OH Bone lleeec| SB) Bccediecen|| 20 ipsa Seer 
Maximum 9} 3/2: 61 13] 3/1.30)....| 14) 1) .83 Sle 2 eS |e eel eld /| pare 
Minimum. . 1 0 0 1 0}----] .00 1 0 é OOo Als Wieesel| abe all re re 

| 

1 T=trace. 

Table II shows that most of the rains fallmg at the Nephi sub- 
station are small and in many cases negligible. This fact is not so 
serious during the early or late months of the year when evaporation 
is slight, but from March to August any rain of less than 0.5 inch is 
practically useless in so far as direct benefit to the crop is concerned. 
It is not sufficient to more than saturate the dry surface of the soil 
and thus does not allow the addition by percolation of any moisture 
to that below. Because it remains in the surface few inches it is 
almost entirely lost by evaporation before the crop can make any 
use of it. Table II shows further that im June of the past five years 
there has been not one rain of as much as 0.5 inch. July has had one. 
This lack of rainfall in June and July often has a serious effect on 
the cereal crops, which at that time are passing from the boot to full 
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heading and ripening. During the past five years, however, there 
has been no such serious effect on the crops at the Nephi substation 
except in the case of spring grains. The season of 1910 was the most 
severe of any of the past five. 

EVAPORATION. 

Since 1908 the daily evaporation has been recorded for the months 
of April to October, inclusive. The method of determining the evapo- 

ration is that employed 
SAN FEB. MAR. APR. MAY SUME SULY AUC. SEPT OC NOK DEC. bs 

at all of the stations 20 

19 oy eae a a where .the Biophysical 

18 Laboratory of the Bureau 

L7 of Plant Industry has been 
AzSE cooperating; hence, the 

ie results obtamed at Nephi 
ee are made directly com- 
a parable with those ob- 
NZ tained at other points.1 
vY The average evapora- 
Ne tion at Nephi during the 
ry six summer months from 
x April to September, in- 
o clusive, for the past five 
Ni years has been 45.57 
La. inches. This amount is 

06 practically an average of 
4 nee. a Nee the amounts determined 
es by the Biophysical Lab- 

; Fed len em oratory at the various 
ae dry-land experiment sta- 
ve Reiiee tions in the Great Plains 
Os area and westward. 

The average daily 
Fic.6.—Graph showing the average monthly precipitation in evaporation by months 

' inches during the 15-year period, 1898 to 1912, inclusive, at and the monthly evapo- 

the substation, Nephi, Utah. e 3 a 5 
ration (in inches) at the 

Nephi substation for the six summer months of the five years from 
1908 to 1912, with the 5-year averages, are given in Table III. 

1 Briggs, L. J.,and Belz,J.O. Dry farming in relation to rainfall and evaporation, U. 8. Department of 

Agriculture, Bureau of Plant Industry, Bulletin 188, p. 16-20, 1910. 
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TasLe II1.—Average daily and total monthly evaporation (inches) at the Nephi sub- 
station during each of the six summer months for five years, 1908 to 1912. 

Year. Apr. May. June. July. Aug. Sept. pes 

*0. 16 * 0.23 0. 26 0. 34 0. 30 0.21 0.25 
12 19 -29 31 -23 9 .22 
19 24 36 32 32 20 27 
16 27 29 28 34 22 26 
12 20 31 . 30 21 21 24 

15 23 30 31 29 21 25 

* 4, 80 * 6.98 7. 87 10. 52 9. 34 6. 23 45. 74 
3. 64 5. 99 8.81 9. 47 7.03 5. 59 40. 53 
5. 82 7.46 10. 90 9. 98 10. 09 6. 01 50. 26 
4.93 8. 41 8. 69 8. 72 10. 47 6. 69 47. 91 
3. 54 6. 30 9.28 9. 24 8. 89 6. 16 43.41 

4.55 7.03 9. 11 9. 59 9. 16 6. 14 45. 57 

* The evaporation tank was not installed until June, 1908; hence, the evaporation for April and May, 
1908, has been interpolated. 

The lowest total evaporation, 40.53 inches, was recorded in 1909. 
The highest, 50.26 inches, was recorded in 1910. The high evapora- 
tion of 1910, coupled with.the scarcity of rainfall, made that year a 
severe one in dry-land crop production. The lowest average daily 
evaporation has been recorded in April and the highest in July; how- | 
ever, there is little difference in the evaporations of June, July, and 
August. 

WIND. 

The anemometer used at the Nephi substation was not obtained 
until the spring of 1909, and for this reason a record of the wind for 
1908 is not available. Since 1909 a complete record of the wind dur- 
ing April to October, inclusive, has been kept. The anemometer has 
stood next to the evaporation tank and has recorded the wind which 
has passed directly over the tank at a distance of about 2 feet from 
the surface of the ground. The average wind velocity (in miles per 
hour) during the months from April to October, inclusive, for the years 
1909 to 1912, inclusive, is presented in Table IV. 

Taste LV.—Average wind velocity (miles per hour) at the Nephi substation by months 
for the period from April to October for the years 1909 to 1912. 

Year. Apr. May. June. July. Aug. Sept. Oct. Average. 

Oe reine bie ala Sie sie 4.7 4.6 4.1 4.1 3.3 3.7 3.6 4.0 
TOO Soap aero cess 5.3 4.6 5.4 4.4 4.4 3.9 3.2 4.5 
UO SOS eeeNs rss meee 4,3 6.0 4.9 3.7 4.4 4.6 3.4 4.5 
NOM Qe es Sues cas 4.4 5.2 4.8 4.3 3.9 4.1 3.2 4.3 

Average.....--- 4.7 5.1 4.8 41 4.0 4.1 3.3 4.3 

Table IV shows that the average wind velocity per hour at Nephi is 
comparatively low, and that there is little difference among the 

rt 9679°—Bull. 30—13——2 
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monthly averages for the past four years. Strong wimds at Nephi 
are very infrequent and no exceptionally high velocities have been 
recorded. The wind for any one day (24 hours) very seldom exceeds 
a total of 200 miles, while the average velocity does not exceed 10 
miles an hour. The wind is usually from the south and southwest in 
the morning, but during the day it gradually changes until by evening 
it is blowing from the north and northeast. Protracted hot winds are 
practically unknown. 

TEMPERATURE. 

The maximum and minimum temperatures are determined daily at 
the substation from April 1 to October 31, inclusive. The work was 
started June 1, 1908. A maximum and a minimum thermometer, as 
well as an air thermograph, are in constant use during the summer 
months. A summary of the mean, maximum, and minimum tem- 
peratures during April to October, inclusive, for the past four years 
is presented in Table V. 

TaBLe V.—Summary of mean, maximum, and minimum temperatures (° F.) at the 
Nephi substation by months from April to October for the years 1909 to 1912. 

Mean. Maximum. Minimum. 

Month. 

1909}1910|1911/1912) Average. |1909|1910}1911/1912) Average. |1909/1910)1911|1912) Average. 

JeXy 0) el Ne Pe ere las ae 43 | 49 | 44 | 41 44 | 76 | 85 | 74 | 68 78 | 12 | 18 | 13 | 20 16 
Mayer 2ife comes 52 | 56 | 54 | 52 53 | 83 | 92 | 85 | 88 87 | 21 | 28 | 22 | 25 24 
AN EATIC eve Sis ayaa ea 66 | 68 | 63 | 62 65 | 94 | 97 | 94 | 90 94 | 33 | 40 | 35 | 27 34 
ARS es ae amsie 72 | 73 | 69 | 70 71 | 99-/101 | 95 | 95 97 | 41 | 41 | 36} 41 40 
JNO Yea 0S) Bo a a 71 | 71 | 70 | 70 70 | 95 | 96 | 96 | 95 95 | 46 | 32 | 41 | 42 40 
September.......-- 59 | 62 | 61 | 54 59 | 85 | 92 | 91 | 84 88 | 27 | 33 | 29 | 25 28 
Octoberek st: 2-42) 49 | 48 | 44 | 44 46 | 79 | 78 | 75 | 78 CO HAD e230) LG 8 15 

| 

Table V shows that the highest average mean and maximum 
temperatures have been recorded in July, while the lowest have been 
recorded for April and October. Only three of the months, June to 
August, inclusive, have been free from frost. Table VI gives the dates 
of the last spring and first fall frosts and the number of days in the 
frost-free period during each year from 1908 to 1912, inclusive. 

TasLe VI.—Killing frosts at the Nephi substation for the years 1908 to 1912, with tem pera- 
tures recorded and length of frost-free period. 

Last in spring. First in fall. 

Frost- 

Year. Minimum Minimum pices 
Date. tempera- Date. tempera- seu) 

ture. ture. 



CEREAL INVESTIGATIONS AT THE NEPHI SUBSTATION. ole: 

EXPERIMENTAL WORK. 

In all the varietal tests of cereals at Nephi the primary object has 
been to determine the relative yielding power of the varieties. In 
addition, efforts have been made to find reasons for the existing wide 
variations in yield. In order to make these studies complete, it was 
necessary to divide the work into plat and nursery experiments. The 
plat experiments were designed to conform as nearly as possible to 
the farm practices in the Great Basin area. On these plats the crops 
were studied on an extensive scale. In the nursery tests, which were 
confined to short rows, the crops were studied intensively. The rows 
were uniformly spaced and a known number of seeds were planted at 
definite distances in the row. This method afforded a means of 
making a thorough study of several individual plants of each variety. 

In this bulletin the results of the plat experiments are presented in 
detail. The report of the nursery work is general, and only those 
results which can be correlated with the results obtained in the plats 
are given special attention. 

PLAT EXPERIMENTS. 

Dimensions of Plats. 

Most of the field tests were conducted on tenth-acre plats 36 feet 
wide by 121 feet long. A few plats were one-fifth acre in area, or 
72 by 121 feet, while others were one-twentieth of an acre each, 
either 18 by 121 feet or 36 by 60.5 feet. The plats lay side 
by side im series, which extended north and south, and they 
were separated by 5-foot alleys. The series of plats were in pairs, 
separated by a 5-foot alley, while the pairs of series were separated 
by a 13-foot road. Each plat was thus bounded on both sides and 
on one end by 5-foot alleys and on the other end by a 13-foot road. 
All plats used for the varietal tests were alternately fallowed and 
cropped. 

Treatment of Plats. 

In October of the year when the plats were cropped all the series 
of cropped plats were plowed to a depth of about 8 inches, the stub- 
ble being turned under. They were then allowed to lie untouched 

until the following spring. In most years a heavy growth of volun- 
teer cereals and weeds necessitated a replowing in the spring. Some- 
times a double disking would take the place of the second plowing. 
In all cases sufficient spring cultivation was given the fallow plats 
to destroy all plant growth. After the plowing or disking had been 
completed a “‘float,’”’ or leveler, was dragged over the plats at right 
angles to the plowing to level the surface of the ground. 

Durimg the remainder of the fallow season a spike-tooth harrow 
was used to break any crust which formed after a rain. Occasionally 
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a hoe was used to kill scattered weeds and other plant growth, 
Just previous to the time the plats were planted they were usually 
harrowed again. 

Seeding was done with a 6-foot single-disk press drill with seed 
spouts 7 inches apart. The seed was planted uniformly at what 
was considered the best rate and was placed at a depth of 1.5 to 3 
inches. It had previously been treated for bunt (smut) with a 

solution containing 1 pound of formalin to 50 gallons of water, in 
which it had been soaked for 10 mmutes and then dried. The 
sowing was done usually between October 1 and 15 and was com- 
pleted in two to three days. After seeding, the plats were not culti- 
vated until the following spring. 
When the plants were about 4 to 6 inches high the plats were 

harrowed with a spike-tooth harrow. The teeth of the harrow were 
slanted backward in order to lessen the injury to the plants, and the 
harrowing was crosswise of the drill rows. No further cultivation 
was given the plats. The plats were rogued each year in order to 
keep the varieties as pure as possible. 

The harvesting was done with a binder. The bundles were shocked 
and the plats later were raked. Thisraking insured against loss and 
error due to fallen and scattered heads. Those gathered by the 
rake were added to the shock. The shocks stood in the field for 
two to four weeks before they were thrashed. 

Check Plats. 

Check plats were used in determining the comparative or com- 
puted yields of the varieties. Several plats located at various 
points on the farm were planted to one variety of winter wheat. 
These plats received identical treatment and were called check 
plats. It was believed that the average yield of these check plats 
would equal the average yield of the variety used on them had it 
been grown exclusively on all parts of the farm. Then, by knowing 
the plat yield of any one variety, its average yield per acre in terms 
of the check variety could be computed with reasonable accuracy. 
The difference between the yield of any one check plat and the 
average yield of all check plats was used to express the relative 
difference which would exist in case any other variety were occu- 
pying the place of the check variety. Thus, if the difference were 
+5 bushels per acre, that difference would be added to or ‘sub- 
tracted from the actual yields secured from any given one of the 
varieties in the vicinity of,the smgle check plat. This would give 
the average yield of the given variety if it were grown on the entire 
farm. In order to facilitate computations the following equation 
was constructed: 



CEREAL INVESTIGATIONS AT THE NEPHI SUBSTATION. #3 

a=yield of nearest check plat. 

b=average yield of all check plats. 

x=actual yield of nearest variety. 

y=computed yield of nearest variety. 
y=x-+(b—a). 

In 1908, 7 check plats of Koffoid wheat (C. I. No. 2997) were used. 
This number was found to be too few, because they had to be scattered 
so widely that they did not represent the true value of soil variations. 

‘ This was the case also in 1909, when 8 checks of the same variety 
were used. In 1910, 23 checks of Turkey wheat (C. I. No. 2998) 
were used and more accurate computations were made. Seldom 
were there more than 7 varietal plats between any 2 checks. In 
1911 and 1912 about the same number of checks was used as in 1910. 

The check-plat system described above did not prove as satisfactory 
as was hoped. It afforded a means of gaining a better idea of the 
relative yielding power of the several varieties than would be possible 
without the use of any system designed for that purpose. But the 
checking system used at Nephi was lacking in accuracy. The yields 
of the various check plats were influenced by so many uncontrollable 
factors (soil variation, winterkilling, weeds, etc.) that to assume that 
any one of the other varieties would be affected to a like degree would 
be more a theory than a determination. Though the check yields 
were fairly uniform in many instances, occasionaliy there would be a 

variation as great as 100 per cent. More than this, the variety 
‘growing on a plat next to a low-yielding check plat sometimes would 
yleld very high. In the latter case the computed yield of the variety 
would necessarily fall far below its actual yield. In other cases the 
reverse condition would exist and the computed yield-of the variety 
would greatly exceed its actual yield. Such instances show the inac- 
curacy of the checking system used. 

It is believed that a replication of plats devoted to a test of any 
one variety would be far more dependable as a means of showing 
the relative yielding power of that variety than would the check- 
plat system. Where a replication of plats is practiced, the number 
of varieties tested might necessarily be reduced. Then, too, more 
work in connection with the varietal test would be necessitated, but 
the accuracy of the results obtained would compensate for the extra 
labor involved. 

The computed yields of the winter varieties grown at Nephi during 
the years 1908 to 1911, inclusive, are reported in connection with 
the absolute yields, but only for the purpose of comparison. 

Collection of Data. 

Throughout the entire season the behavior of the crops on the plats 
in the varietal test was observed closely. In the spring, after it was 
reasonably certain that no more plants would appear, the number 
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of thousand plants to the acre was determined for each variety.! 
Then the vigor, color, manner of growth, date of heading, date of 
ripening, height, and date of harvesting were noted, each in its turn. 
All the significant data thus obtained will be presented in their proper 
places during the ensuing discussion of the various cereals. 
A small separator with a 20-inch cylinder was used in thrashing. 

To determine the yields of the plats the total weight of the crop from 
each plat was first obtained. After thrashing, the weight of the grain 
was noted and this was subtracted from the total weight in order to 
determine the weight of the straw and chaff: The weighings were 
made at the thrashing machine, one just before and the other imme- 
diately after the grain was thrashed. Multiplying the weight of the 
grain from each plat by 5, 10, or 20, according to the size of the plat, 
gave the total weight of grain per acre. This weight divided by the 
standard bushel weight gave the actual yield to the acre in bushels. 

- Varietal Tests. 

The plat tests have included 105 varieties and strains of cereals. 
There were 68 varieties and strains of winter wheat, 1 winter oat, 
3 winter barleys, 2 winter emmers, 10 spring wheats, 7 spring oats, 
and 14 spring barleys.? 

The Utah Agricultural Experiment Station had conducted varietal 
tests at Nephi previous to cooperation. They had tested 9 common 
winter wheats, 3 durum varieties planted in the fall, 1 common spring » 
wheat, and 3 spring durums. Tests had been made also of 4 varieties 
of oats, including 1 winter variety, and with 3 varieties of barley. 
Some very satisfactory results had been obtained with these cereals, 
but the test was of a duration too’short to be conclusive. These 
varieties were therefore continued after cooperation in addition to 
the varieties brought from other stations. 

WHEAT. 

It is generally agreed that the Intermountain States comprise a 
winter-wheat area. Farmers have recognized this fact for years, 
and experimental results furnish conclusive evidence in that respect. 
Spring wheats are sown only occasionally, when the farmer has been 
unsuccessful in getting all his land sown to winter wheat or when 
extensive winterkilling of the fall-sown wheats necessitates reseeding 
the land in the spring. In the latter case it is considered better to 
get a small crop of spring wheat than no crop at all. 

1 See page 23 for an explanation of the method used in making these determinations. 

2 Eleven of these are spring barleys which have been grown at the Arlington Experimental Farm, near 

Washington, D. C., for several years as winter varieties. They were planted at Nephi in the fall of 1911, 

but are not yet considered winter varieties at this station. 
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The wheat work at Nephi has been confined almost entirely to the 
testing of winter varieties. A rather detailed report of the results 
obtained is given on the following pages. 

WINTER WHEAT. 

Of the 68 varieties and strains of winter wheat tested, 57 have 
been introduced since cooperation began on July 1, 1907. Previous 
to that time only 11 varieties were under test. The 3 best known 
and highest yielding varieties of the 11 originally tested were Gold 
Coin, Koffoid, and Turkey. These were later given the Cereal Inves- 
tigation numbers 2996, 2997, and 2998, respectively. The average 
yields of these varieties for 1904 to 1906, inclusive, were 15.09, 18.25, 
and 24.96 bushels per acre, respectively. 

The 57 winter-wheat varieties which were introduced after coopera- 
tion began were obtained from the following places in quantities 
sufficient to sow a tenth-acre plat: 

Varieties. 

Mawwerconm Manse, ©. vxperiment Harm) 1907221292 ee 42 

_ Modesto, Cal., Cooperative Farm, 1907........------- fei iah Sas ba Ne IE Apia Se 6 

Bellefourche, S. Dak., Bellefourche Experiment Farm, 1907...........-.-....- 1 

Alberta, Canada, Lethbridge Experiment Station, 1907...-...........---------- 1 

Momamm Oia tarmler: OQ 72k oo Nie ee a ee lee ee ele 1 

Rieti, Italy, through the Office of Seed and Plant Introduction, 1908. .........- il 

Salina, Kans., through Intermountain Milling Co., 1908......................--- 1 

Montana, through Farmers’ Cash-Buyers’’ Union, 1908.-............------------ 1 

termne mba coine termes MQM ausapny nae cues oC eeu h Cee eee ee ON 1 

iomeindua yo. broly S.C Bitium, 90. . 2k tenes sth Oe oe oe ee ea oe 2 

TRON cn Stes cae ES Se ee ck Oa AR pei at a Ae ec Le 57 

GRAIN YIELDS OF WINTER WHEAT. 

The average yield in bushels per acre of all the varieties of winter 
wheat tested at Nephi in 1908 was 25.4; in 1909, 11.1; in 1910,-11.6; 
in 1911, 23.1; and in 1912, 18.3. This wide variation is due to the 
influence of the physical factors which already have been discussed. 
When there was considerable precipitation in the fall so that the crops 
were up and well prepared for entering the winter, when snow pro- 
tected them from winterkilling, and when the stands were thick enough 
to keep out weeds, the yields were much higher than when the oppo- 
site conditions existed. 

After obtaining the yields of 1911 the varieties were all ranked 
according to their average actual and average computed yields for 
four years, 1908 to 1911, inclusive. It was believed that they had 
been given a fair test, and it was time to begin discarding the inferior 
varieties in order to make room for a more thorough test of the supe- 
rior ones. The rank of the varieties based on their average actual 

1Jardine, W.M. Arid farming investigations. Utah Agricultural Experiment Station, Bulletin 100. 
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yield and also their rank based on their average computed yield for 
the same 4-year period are shown in Table VIII. A brief discus- 
sion of the results of each year will be given. 

Results in 1908.—Fifty-eight varieties and strains of winter wheat 
were planted on tenth-acre plats in the fall of 1907. The averagé 
acre yleld in 1908 of the 8 varieties which were grown at Nephi in 
1907 was 27.2 bushels, or 3.8 bushels below the average yield of the 
same varieties in 1907. The average acre yield in 1908 of the 42 
varieties which were introduced from Kansas in 1907 was 26.3 bushels; 
while the average yield of the 5 varieties from California was 14:3 
bushels per acre. The low yields of the California varieties undoubt- 
edly were due to their inability to survive the winter conditions, as 
there was a high percentage of winterkilling among them. It is inter- 
esting to compare the yields in 1908 of all varieties at Nephi with 
their yields in 1907 and 1908 in the States from which they were 
brought. These data are presented in Table VII. 

Taste VII.—Winter wheat varieties grown at the Nephi substation, Utah, in 1908, 
showing their origin, the source of seed planted, and the yields in 1907 and 1908 at their 
source compared with their yields in 1908 at Nephi. 

No Variety. Origin. Source of seed. 

2998 llackeyeerre cosa eeen ee Russia)... -.- Sos seeee Nephi, Utah.....- 
9999 |Wiite! Chub:sca- sees see eee Uitah (2): - cc tecaeene|seese 0.5 -Sstsaeeee 
9996 \ Gold) Cont sass assser eee Eastern United States.|--.-- Go: 22ce-eeee ce 
3000) |) Bluestem... o- acne- sete Witah:\@2)35<.-..seseeeee eae dO: sa eesee 
90973 MIRON OIG a5 Sen eee Ree ita: 2352/5: see ee loses dos: 2:22 ees- 
2100)| Black Dons 5-22... se5 see Russias. 5 5. --seoseee- peer do. 

saad Hard winter ..2.222:22220 /|wAlgeria Pete Se aece see |nee 0s eee 
1667- |" Beloplina =. :s.socceeneeeee RUSSIAS oo | eee al eee dogza8 eee 

Average of 8 varieties from Nephi, Utah....2..-.-.-.--.-------.---------- 

1355) Aumavar. 25.2 5..2-53 See Riissia . 4... See ae McPherson, Kans 
1395-2) Diehl! Mediterranean 4.2. Sseeereee cas cee ee aero Os gos eereeee 

1432 | (Crimean). 2.5 .22e-7- 2 exo Crimea: 242) Baer ose |Pees dol eee 
1433 here (0 (0 eee eee eee sy eet Se GOss ceo 5: ee Cee dos. 3t- Gere 
1435 |<: Oss tieeceb ace eecee © DonTerritory, Russia.}.-..--. do. 2555-83458 
TASC IE eee GOs Sete’. . pee ote Crimeéacc..: 2. ates see e Bete doi. 22st 
LAST oie GO eee sist ee eee aoe Taurida, FuUssige) see ele see dow seeseaaaee 
1438) | (Ghirka Winter. 2 ase sacle eee G0 352 ha. eels 06.225 eeeneee 
14394) Wltases s eeretn ks. Seka eee Caucasuss:2 © ee). 2. ease. GO! Ss crane eet eos 
1442) Konarkoler oe ee eck ee aac Kharkof, Russia 
1532) ] .Red Russiannscoccc 522d Southern Russia 
L539" sLOreONae recs atte ee eee Northern Russia 
1543 || Beloglinas. sess. 2522252. abe. do. . 
1544 |..... fee eR Se ea ae|| ase do 
1558 | Turkey Crimea 
1559 | Crimean do... 
1560) |: Baraboo eee. osee sone Hungary 
1561 | Theiss. . do. . 
1562 | Bacska do. 
1566 \|" Weissenberes .. 2. <k:- <1. oats soe do. 
1564 | Pesterboden..............|..-.. do. 
15/1.|\Barkey!- 5. 22: si  S RUSSIS o-< s gee ae oo ees 
LBso: | AMAT KOR! «vipers Pee Ue Pees GOL a re ea er 2 
LGOO WE OUMANIAN |. occa cess oe Roumania 
1658: |... <2. GO. ssce0 Jan. dens teel ase & Cea (BS Saba Pees 
1662:|---2- 6 (sa SS See ir tas eee | ae co (oe eso oe eee do 
LOL ONSEN VIAN os cccucs ieee Bee Beryiai iss. See es 28 do 
TOU PS OSNIBU. .-...-2 coeenoenee BOsnia) =~ soe eee |S eee 
Leo jepudapest: >. -. 22522 eee Hungary 

1 Grown as a winter durum at Nephi. 

Yields (bushels per 
acre) at— 

| 

Source | Nephi | Source 
in 1907. | in 1908. | in 1908. 

37.7 Bp ON EE A 
29.0 (0) eee gee 
29.5 Qaialeee ee: 
31.8 DOSS Weision <8 
38. 2 ARO Ree rays oe 
23.0 1 SGN ees 
27.9 2620) \|Saeees 2. 
30.7 SR) | beaeeoee 

31.0 Misbey) \A EA e212 

19.5 28.3 12.5 
18.9 Qe, 18.3 
18.7 30.7 16.5 
15.6 27.5 14.0 
22.2 25. 8 17.3 
18.7 30. 2 11.5 
21.8 30.3 14.5 
18.8 27.7 14.0 
18.1 28.3 14.2 
20.9 26. 2 19.5 
16.1 21.8 18.0 
17.4 11.0 16.7 
15.8 10. 2 17.2 
12.8 15.0 14.7 
13.5 26. 2 17.8 
23.6 29. 2 15.8 
16.4 22.7 17.0 
17.5 24.5 16. 2 
13.5 34.0 16.0 
13,1 32.7 10.3 
17.5 30.0 14.2 
20.6 33.0 20.3 
20.6 31.0 19.1 
My 24.5 11.7 
15.7 Zone 13. 4 
16.9 25.7 14.1 
13.8 2007 12.7 
15.3 19. 2 13.8 
15.1 21.2 15.6 
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Taste VII.—Winter wheat varieties grown at the Nephi substation, Utah, etc.—Cont’d. 

Yields (bushels per 
: acre) at— 

c A Variety. Origin. Source of seed. 

Source | Nephi | Source 
in 1907.|in 1908. |in 1908. 

1756 | Hard winter ........-.---- Missouri........-.---- McPherson, Kans.; 14.5 32. 2 12.8 
1757 | Japanese Velvet Chaff-.... Vapanes see ee. eee leo CO eR came meeus 11.4 PBS. & 15.0 
1783 | Hard! winter -....-\.--.--- Oklahomals as - 4+ 4see | eee CO sees saeeee 11.3 29.8 14.7 
1784 |...-- sd cchocconsogsecpoballsdess Op ceascbececeosealesaac Gh aes ae sees 8.8 26.3 16.3 
Sel VAPANeSC).y-(% sistem - eee Japanese. - eres eee dO sieese sb sa 9- 8.5 OP is Q) 

1788-1 | Japanese Square Head..-.|..... COse eases Sasa eases Cl) eee eae as 8.3 23.5 (4) 
1824 } Zimmerman Turkey...-- Kansas hybrid........|---.. dO se. 222 4-be ete 12.6 30.0 15s 55 
20540 PENN arian: sas. er 2-1 = DUI Payee eee | eye ae GOteeeeacceeee 10.5 31.3 14.3 
2042 |...-- GOSEMI 2 Pose cect eec.- GOs ste'a cee ceacc|oee Ory SSSeeeE 10.0 32.7 13.0 
OAS mIPSC ATIAME ..2)5 soe oH. 5 2 IBS Paice see eee GO were senesaee 12.0 32.5 13.8 
2906" @umrell. 22222 ce ossise.2- Okiahomase:s2 Sees sleeee- doses set Sete el 19.7 14.1 
2907 | Zimmerman.......-..---- IKADS8S ena oie = ee esate reir Cape se scar 1.2 24.8 8.5 
Z20Sn lp Malakot 2 - sess cs sos-o==15- IUISSIA See ccc = josce ee eeeate Clie peeseease: 17.4 31.5 12.2 

Average of 42 varieties from McPherson, Kans..-.......-.-.-.------------ 15.3 26.3 -14.9 

H59GH|eHretes):.. 2. o-2 . sc csseeees. Algeria sete << ese ase Modesto, Cal.._.-- 13.5 17.3 67.3 
3018 | Salt Lake Club.......--.. Callifonniteer. sh eceee pees Gh hasesecoeeee 10.3 13.8 33.6 
2985 | Bluestem........--. iy £2 Washington.......... SERCO KO av ees ein cee Toss 14.3 42.0 
3019 | White Australian.......-- Califonmiannes sae eee eee bees (Cho eae oe eee 17.6 20.5 51.3 
2986 | California Gem (293-’04)-..|-..-.- Oko eens Seamer eea ee. Cope serene 10.3 TE 23.0 

Average of o) varieties from Modesto, Call. 2.-.....-.----2-2-------------- 11.8 16.3 43.5 

1 Discarded after 1907. 

In Table VII is shown a wide variation in the yields of the varieties 
at the different places. The Nephi wheats yielded less in 1908 than 
they did in 1907. The Kansas wheats yielded much more at Nephi 
in 1908 than they did at McPherson in either 1907 or 1908, while 
the California wheats yielded much less than they did at Modesto 
in 1908, though more than in 1907. Some of the varieties which 
yielded well in Kansas in 1907 yielded much less at Nephi in 1908, 
and in other cases the reverse was true. It is interesting to note 
that the average yield of the Kansas wheats grown at Nephi in 1908 
was approximately the same as that of the Nephi wheats. 

Results in 1909.—In addition to those varieties which were grown 
at Nephi in 1908, three new varieties were sown in the fall of that 
year. These were Rieti (C. I. No. 2942, S. P. I. No. 17994), from 
Italy; Turkey, from near Salina, Kans.; and Turkey, from Montana. 
In addition to these, the two following varieties, which had been 
grown in 1907 but not in 1908, were sown, namely, Odessa (C. I. No. 
3274), a soft, amber-grained, brown-chaffed variety; and Lofthouse 
(C. I. No. 3275), a soft, white-grained, white-chaffed variety. Thus 
the 1909 varietal test included 63 varieties, grown in tenth-acre 
plats. 

The yields in 1909 were generally much lower than those of 1908. 
It is believed that this was due to winterkillmg, which will be dis- 
cussed later. The stand on many of the plats was thin, and as a 

9679°—Bull. 30—13——3 

Pe a 
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result considerable weed growth was made possible. The yields per 
acre of the varieties ranged from 1.16 bushels of Koffoid (one Koffoid 
plat yielded so little that it could not be thrashed) to 23.33 bushels 
of Japanese (C. I. No. 1787). The latter was grown on the “old 

field,’ and can not be safely compared with the yields of the other 
varieties which were grown on the “Richie field.” 

Results in 1910.—In the fall of 1909, 61 varieties of winter wheat 

were planted. The only varieties discarded in 1909 were the Turkey 
from near Salina, Kans., and the Turkey from Montana, neither of 

which yielded satisfactorily. 
The yields of 1910 were about the same as those of 1909. The low 

yields were accounted for at that time in the followmg manner: 

The winter of 1909-10 was a peculiar one in some ways. The ground received an 
early covering of snow, which, periodically increased, remained until March. The 
temperature was generally low throughout the winter season. With the first days 

of March came a rather sudden change from cold to warm weather. Such a change 
has been decidedly uncommon in the Juab Valley, and it was claimed by many that 

the thinning of what at first appeared to be a good stand of grain was due to the 
injury done to the young roots by the sudden changes in soil temperatures. That 

there was a thinning is quite certain, but the condition named may not explain its 

occurrence. 

The highest yield per acre in 1910 was 21.2 bushels for Kharkof 
(C. I. No. 1583), and the lowest yield was 0.5 bushel for Black Don 
(durum, C. I. No. 2100), Silver Club (C. I. No. 3001), and the hard 

winter from Algeria, which had been grown at Nephi previous to 1908. 
Results in 1911.—Six of the varieties grown in 1910 were discarded 

that year, leaving 55 varieties. The discarded varieties were C. I. 
No. 1784 (hard winter from Oklahoma), Bluestem (C. I. No. 2985), 

California Gem (C. I. No. 2986), Silver Club (C. I. No. 3001), Salt 

Lake Club (C. I. No. 3018), and Rieti (C. I. No. 2942). All other 
varieties were sown again in the fall of 1910. 

The yields of 1911 were very satisfactory, because of exceptionally 
favorable weather conditions during the entire season. The fall of 
1910 was ideal. The fall-sown cereals were able to make good growth 
before the snows of winter covered them. The followmg winter was 
a mild one, and consequently there was little winterkillmg. The 
spring of 1911 was rather cold, but no damage by frost was noted. 
The precipitation of April and May was below normal, but that of 
June was above normal. All of these factors were favorable to high 
yields. 

The highest acre yield in 1911 was 32.7 bushels for Koffoid (C. I. 
No. 2997) and the lowest yield was 3.8 bushels for the Algerian hard 
winter. 

i Originally the farm consisted of 40 acres. In 1908, 15 acres were added on the south side and 47 acres 

were added on the west side. These fields are referred to as the “‘old field”’ (original), the “‘ Richie field”’ 

(south addition), and the “ Kendall field”’ (west addition). 
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After obtaining the yields of 1911 the varieties were all ranked 
according to their average actual and average computed yields for 
the four years 1908 to 1911, inclusive. The results are given in 
Table VIII. 

Taste VIII.—Annual and average yields of 60 varieties of winter wheat at the Nephi 
substation in a 4-year test, 1908 to 1911, inclusive. 

RANKED ACCORDING TO THEIR AVERAGE ACTUAL YIELDS. 

Yield (bushels per acre). 

Rank. | C. I. No. Variety. 

1908 1909 1910 1911 | Average. 

1 1ZByA1) \GiinnGE tess saecesenacrecsedsoeseEeeecsosas 30.33 | 18.66 | 20.30 | 26.70 23.99 
2 ADA lekeharkotes Ascii see a eee ks ke 26.16 | 19.16] 17.00} 27.20 22.38 
3 WAS OR UO Mtae maar ce ee eee as cee sce. cee tae 28.33 18.00 17.50 | 24.70 22.13 
4 OOS aah nC ya trait neve RIEL Le feet 0a --| 39.00 16.16 | 115.80 | 221.45 22.10 
5 TS SAE) 4 | CGpern cose al Se RS aE ae eeu --| 29.16] 14.00 15.20 | 29.70 22.01 
6 1435 |..... GO a RE ere (Sa eae ee Nee 25.83 | 20.33 15.30 | 25.20 21.66 
7 BS al ae UTE Wy aie a oa ya pas Pepe en ee 2606 19. 66 12.30 | 28.50 21.65 
8 297 Oe Al bertaghved ae seberts pteame ences jai ees 34.33 | 14.33 | 12.80] 24.20 21.41 
9 LSI UD ANLESC Wee ere ce acs y de eho 25.50} 23.33 | 12.30] 24.20 21.33 

10 4389 iG hinkagwWanteneseeee oes s55< 25222 27.66 15. 66 12.20 | 29.50 21.25 
itil BBS} || eran nia as ros nes eee eeeeeeeseuae 28.33 | 21.33] 14.00 |. 21.00 21.16 
12 2048) Bul aeaninm ey aie ee Sey SoS. Meee 2 es 2 32.50 | 13.00 7.80 | 31.20 21.12 
13 HS as | E eyes wR Ry ey So Me Gk 33.00 | 15.33 20.50 | 14.70 20.88 
14 I GRo yy IEG Oy go) ges ee Sa a a ae pa meme era rae 31.00 | 10.66) 21.20] 20.50 20. 84 
15 15637 |MWiCISSCMDeTSs = 1 Meee oe caine aces cee eee 32.66 | 13.83 | 16.30] 20.30 20.77 
16 eel 43 Ga Orie ates ah.) tees ween rk Ae | eae aa 30. 16 14. 66 15.50 | 22.20 20. 63 
17 15629 eB 2GS kas Sepa en pp ne eee oe Ne 34.00} 13.00} 16.70} 17.70 20.35 
18 20345 Elum Carian’ eis mee ee acess an ecu hae en 31.33 | 12.50 8.50 | 27.70 20.01 
19 1756 | Hard winter (Mo.)..........------------- 32.16] 17.33 11.50] 19.00 19.99 
20 1560 CLO PH Sens Soe ercios ceria ae ae eMC aOR ee Se 22.66 | 14.50] 13.50 27.90 19. 64 
21 LAS MO rIMedMers ty. eae ete eek 2 ee 30. 66 11.16 14. 50 22.00 19.58 
22 SO So UTC yirerapis is ees Slo se eS ye eee 34. 16 12.33 5.30 | 26.40 19. 55 
23 ZI0S RPA AK Of ieee a tases etic eee 2 31.50 11.33 11.70 | 23:30 19. 46 
24 T5643 uPesterbodent. 2225 e822 2642252 --22ceceos 30.00 | 11.66] 18.00} 19.00 19. 44 
25 29968 eG oldi@ oepee assent ere e eae seem eee 27.66 | 17.00] 10.70] 21.20 19.14 
26 NOG SSrvakioee oe ees oa crsee ose Seeeaae es oe. 22.66 15. 66 10. 50 27.40 19.05 
27 1783 | Hard winter (Okla.)..-....--.----------- 29.83} 11.50 9.00 | 25.00 18.83 
28 204 N BEM variame | eee eee eee Ae a2 32. 66 8.83 8.80 | 24.70 18.75 
29 ICES |) RO WiC RMUNT os Gk en ceceoeceocudeees 24.50} 10.00) 15.50} 24.50 18. 62 
30 UGE | IROCLIRUES EN oon nas coadescousedeueseocee 21.83 | 14.66] 14.80] 22.70 18.50 
31 PTOI E Ni Aabnie) ODIO ere eac ae Vee Se cMee eee ea 28.00 8. 16 5.80} 31.50 18.36 
39 GOT yBeloglimae se 78 ie eee eee o/s ee 33.33 9.33 | 13.50) 17.20 18.34 

1824 | Zimmerman X Turkey......--..------.- 30.00 3.16 9.70 | 30.50 . 
33 2906 NG arrests se est a Es eet 19.66 |] 21.83} 10.70] 20.70 18. 22 
34 1468} 1 Gaba Se anes arc eisM aac tea eee eae 27.50 8. 66 13.00 | 23.30 18.11 
35 1662) |PRoumaniam see ose see eee ere eee eee 25.66 | 13.50] 16.70} 16.50 18. 09 
36 GST Waa os Seon Sad eee ene oe 24. 50 7.83 |. 14.50 | 25.50 18.08 
37 1395 | Diehl Mediterranean 27.16 | 10.66 8.70 | 25.40 17.98 
38 1658 | Roumanian 23.33 | 11.16} 13.80] 23.30 17.90 
39 2907 | Zimmerman 24. 83 10.33 11.30 | 24.30 17.69 
40 1739 | Budapest 21.16 12. 66 7.30 | 25.50 16.65 
41 3000 | Bluestem 25. 83 6.50 7.00 | 26.70 16.51 
42 HO SOM MMOLEON ARE ee = que see vee eel ce see 11.00} 16.50) 14.20} 23.50 16.30 
43 WOO) ||| TRIS AR on eine oooh ORAS eA Sa ee a me Sar 17.33 14. 50 6.30 | 26.20 16.08 
44 ISCAS EIB cloglinawis) Senge sn Soe eee |. Neue 15.00 | 15.16} 12.00] 21.50 15.91 
45 BOULOH MVWWihitevAtistralianes ssa 2 82 2a eae eee 20. 50 10. 66 3.50 ; 27.00 15.41 
46 1788 | Japanese Square Head...-.......-...---- 23. 50 9. 66 4.30 | 21.50 14.74 
47 GO MEN MBE OSM TN pee eee es a sere iaeis seat 19. 16 9.00 8.30 | 20.80 14.31 
48 1543) Beloglimagss hae ee cece be eee ac eer 10.16 | 12.16 8.80 | 24.90 14.00 
49 290 A IKOT Olde ae hae eee aie ee ea. 17.78 2.49 80 | 32.70 13. 44 
50 1757 | Japanese Velvet Chaff.....-...-.------.- 23. 50 9. 66 4.30] 15.10 13.14 
51 2086 | Pelissier........-- Eee eae ose aUe ee 26.00 12.83 50 3.80 10. 78 
52 2100) Pp BlaCkaD Ones secs se see sae see 17.50 4.83 -50 | 15.50 9.58 

Jcoemiaee Sas erlard wamterm (Oklas)sesssec secs ne - sees | 2035 2.33 2.50 . 
Sseee nae POSS || libs slew oeeeosecscccedoocecaeeoud|. wZisB 4.83 2.33 : 
- oShenee 2G || Chiltiioymie (Cad sooo sccossoskoeccesbeesos) WasGW)4) > Bk8B) .80 |;Discarded. 
Soot mee SOOM |) Sibray Clb). scocuscosecoosesceeoagobes.| )) Lil. W) 3. 66 50 
Bee set S018h | Salt Wake Clube ee. sess asec es. eee laa! | LIG6 1.00 |) 
Br ec) - 2 (AG RO Gessaiany- pat ea ae ey ee Wo eres Hel Dt Onl OSOO\|! p24 20n les sees 
ockeeaae Beis 1) ILO ROSE ceeddounbeoddosccoessUeeoes Seoouebella mebecs GUA) LCR) eeceoanoas 

1 Average of 23 checks. 2 Average of 22 checks. 
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Taste VIII.—Annual and average yields of 60 varieties of winter wheat, ete—Cont’d. 

Rank. | C. I. No. 

1 1437 
2 2979 
3 2998 
4 1563 
5 1559 
6 1562 
7 1355 
8 1558 
9 3055 

10 1442 
11 1564 
12 1439 
13 1435 
14 1662 - 
15 1432 
16 1438 
17 1756 
18 1560 

{1787 
SAAS 
20 1571 
21 1532 
22 1583 
23 2908 
24 1676 
25 2996 
26 2048 
27 2999 
28 2034 
29 1783 
30 1395 
31 1561 
32 3019 
33 1667 
34 1433 
35 1539 
36 3000 
37 1824 
38 1544 
39 2042 
40 1656 
Al 1739 
42 1658 
43 2906 
44 2907 
45 1543 
46 1596 
47 1691 
48 1788 
49 2997 
50 1757 
51 2086 
52 2100 

ae Nae 1784 
play we 2 2985 
ae 2986 
het 3001 
Cal Pee 3018 
Se 3274 
Be va 3275 

RANKED ACCORDING TO THEIR AVERAGE COMPUTED YIELDS. 

Variety. 

Turkey 

IBanats hyataye aoe) fee 2 528 sock ee ae 

AMD Veli eh gente ener eet a eee RP eer oe eed A 
Red Russian 

Bul eanian aii 5 GRRE 5c ie Me Rey ee 

TNOLEOVE Sete = Asoo coe mers eee ete 

Zimmerman > unke yee eee ere eee 
Beloglinat* ee asas secs hee 
IE canines on Mere socks coe eee eee 
Roumanian. ra: ee eee eee 
Budapest: at 5 fees be Pee ere 
Roumanian. . 
Currelleeeee=: 

Japanese Square Head..................- 
Koffoidss £5 ek ete 2c. caesar 
Japanese Velvet Chal..................- 
Pelission }4 ocho ot tanjcuns eee ce ewseed 

ard winter (Okla e522. -- Seer e ee eee 
Bluestem) shh Sas be ce eRe ee eee 

Yield (bushels per acre). 

1909 

18.99 
15.76 
17.49 
14.16 
14.33 
13.33 
16.32 
14.65 

1910 

14.90 
15. 66 
15. 80 
13.40 
12.30 

1911 | Average. 

28. 60 23.81 
16.40 23.15 
21.45 23.04 
31.60 23.02 
31.60 22.77 
29.00 22.60 
27.60 21.76 
39.40 21.67 
26.00 21.29 
24.60 21.07 
30. 30 20.89 
22.10 20. 82 
27.10 20.77 
26.30 20.19 
28.60 20.17 
24.90 20.13 
24.10 19.92 
gee ~ 19.44 
26.30 ein \ 19.22 
13.90 19.08 
26. 40 19.07 
19. 70 19.04 
28. 40 18.83 
26.60 18.75 
15. 40 18.54 
27.20 18. 22 
25. 70 18.17 
26.90 17.90 
26.90 17.70 
19. 60 17. 62 
23.60 17.57 
29.20 17.28 
22.30 17.26 
25.20 17.22 
27.20 16.88 
20.90 16. 56 
25.20 16. 23 
23.40 15. 93 
20. 70 15. 84 
19. 40 15. 75 
24.70 15.10 
18. 20 15. 02 
22.80 14.33 
19 70 14. 03 
26. 80 14. 02 
25. 40 12.81 
20.00 12.76 
15. 70 12.75 
26.90 12.02 
9.30 11.15 
8.90 10.15 

10. 20 6. 72 

Discarded. 

HSE AO) (eee he ae os 
FAS US Ves See eese 

As seen in Table VIII, there is little difference between the relative 
rank of the varieties based on their average actual yield and on their 
average computed yield. The rank of the varieties is changed a 
little in the second part of the table, but it will be observed that most 
of the varieties leading in actual yield, though their relative position 
may be changed, also lead in computed yield. It will be observed, 
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also, that all of the leading varieties are of the hard winter group and 
most of them were introduced at the station since 1907. 

After ranking the varieties in the manner described most of those 
ranking below the thirtieth position were discarded from the plat 
tests. The others were sown in the fall of 1911. A few varieties 
which are popular with the farmers in the Mountain States were con- 
tinued in the plat test despite their low rank. 

Results in 1912.—The fall of 1911 was very dry, and seeding was 
delayed considerably. After it had been finally accomplished 
extremely cold weather set in and it is believed that there was a 
great deal of fall killing. The winter, too, was dry and cold. As a 
result of this weather a very poor stand was obtained on the plats 
of winter grains, and the yields were low im comparison with those 
of 1911. The highest yield per acre in 1912 was 22.8 bushels for 
Bulgarian (C. I. No. 2048),-and the lowest yield per acre was 5.8 

bushels for Ulta (C. I. No. 1439). 

Summary of winter wheat yrelds.—The rank of the best yielding 
winter wheat varieties grown at Nephi from 1908 to 1912, inclusive, 
is shown in Table IX, where they are ranked according to their 
average actual yields. The check plats of 1912 were so badly winter- 
killed that their yields are not dependable for use wm figuring the 
computed yields of the other varieties, so no 5-year rank on com- 
puted yields is available. 

TaBLE [X.—Annual and average yields of 28 varieties of wheat grown at the Nephi sub- 
station for five years, 1908 to 1912, ranked according to their average actual yields. 

Yield (bushels per acre). 

Rank. | C. I. No. Variety. 

1908 1909 1910 1911 1912 | Average. 

1 4S ale OrIMeAN S822 coon eee see 30.33 | 18.66 | 20.30] 26.70] 19.50 23.10 
2 O90 Selmi KC ygeree neces) aoe sees 35.00 {| 16.16 |115.80 | 221.45 | 22.10 22.10 
3 Aa y eikeharkofeeence see ace = oe @.-:5- 26.16 | 19.16] 17.00) 27.20} 19.80 21. 86 
4 55 OM @ rim cement ee eye | eee See 29.16 | 14.00} 15.20} 29.70) 19.90 \ 21.59 

IS 5Oe AMM aVvare ee ares see else eee sec 28.33 | 21.33 | 14.00] 21.00) 22.30 
5 2OASs|PBulsaniane sess se ese see 32.50 | 13.00 7.89 | 31.20] 22.80 21.46 
6 1438 | Ghirka Winter.......-...-..---- 27.66 | 15.66 | 12.20{ 29.50} 22.10 21.42 
7 1435) || Cintas ine ese edeeceaeraseroee eS 25.83 |. 20.33 | 15.30] 25.20] 19.10 21.15 
8 SAM | UGK Yoo eo sem cne sa etcc sense cee 33.00} 15.33] 20.50] 14.70] 22.10 21.13 
9 29798 pAlibentarhiedicis se eh ac 5 4en ae se as 34.33 | 14.33 | 12.80] 24.20] 19.70 21.07 

10 HO Saul pear Peer eee tee nee eae 31.00 | 10.66 | 21.20) 20.50} 21.40 20.95 
11 (Sim GUA PAMeSes ores ates Pee eae 25.50 | 23.33 | 12.30] 24.20] 18.40 20. 75 
12 1436 | Crimean........-.--..-.--.--/-.-| 30.16] 14.66] 15.50] 22.20] 19.30 20. 36 
13 1563 | Weissenberg....---..--..------- 32.66 | 13.83} 16.30] 20.30] 17.70 20.16 
14 5G 2H PB ACS Kamae aaa ne ame I eae ay Bote 34.00} 13.00] 16.70] 17.70] 17.80 19. 84 
15 1756 | Hard winter (Missouri) ......... 32.16 | 17.33] 11.50] 19.00] 17.80 19. 56 
16 1564 | Pesterboden.....-..--.--.......- 30.00} 11.66] 18.00] 19.00) 18.30 19.39 
7 20345 | MEning ananassae ee eee eee 31.32 | 12.50 8.50] 27.70) 16.90 19. 38 
18 IGS || IO weMRaIeWN. — ooo 5ssoscucoebosce 24.50} 10.00! 15.50] 24.50! 22.00 19. 30 
19 4327 Crimean See | sso cicie <nrays 30.66} 11.16] 14.50] 22.00} 16.00 18. 86 
20 AS OMI MUI Cae ten eee ee ee eS So 28.33 | 18.00) 17.50] 24.70 5. 80 18.85 
21 2908 leMalakot: shoe cera ee Ae eons 31.50} 11.33] 11.70] 23.30} 15.30 18. 63 
22 WGAGVIES Orval ates pee ee eee wera 22.66} 15.66] 10.50] 27.40} 16.80 18.60 
23 1783 | Hard winter (Oklahoma) ..-..--. | 29.83] 11.50 9.00 | 25.00] 17.50 18. 57 
24 WSGOE PB ana tose. e Lee eius eae Ey 22.66} 14.50] 13.50] 27.90] 13.80 18.47 
25 BOSON LUTE Vitra acs tele seroma ey: 34.16} 12.33 5.30 | 26.40] 13.90 18. 42 
26 5 o28 |p COUEUUISS aM ease eee eee anes 21.83} 14.66] 14.80] 22.70] 14.70 17. 74 
27 PAS || Gr@MGl Citi. Cos Scecoesceceecescoce 27.66 | 17.00} 10.70] 21.20] 10.10 17.33 

1 Average of 23 check plats. 2 Average of 22 check plats. 

OE 

ace petite Rana 
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With two exceptions, all of the varieties reported in Table IX 
belong to the hard winter group of wheats. Except for Ghirka 
Winter (C. I. No. 1438), which is not bearded, these hard varieties 

are bearded, white chaffed, and red grained. 
The two varieties which do not belong to the hard group are 

Japanese (C. I. No. 1787), eleventh in rank, and Gold Coin (C. I. 

BUSHELS PEP ACRE No. 2996), lowest in 
2.4 6 6 0 2 4 /é (8 20 22 24 yank. The Japanese 

SS as EE SSS BSS eee s 

AAARKOV FIFZE 2.6 chaffed, soft, amber- 

grained variety, and 
CaldsdiGatnnne eb aaed- 

BULGARIAN F2048 2/.F6- 

GH/IPA F/4AZE 

CAIIIEAN F/AR5 
SS 

TORHAEY 7/5 7/ 

ALBERTA RED FZI9ITI9 

AHA PRAOV F/S5EF 

SAPLANESE FI7TE7 

Ni} i less, brown  chaffed, 
soft, and white grained. 
It will be remembered 
that Gold Coin is one 

of the most popular 
winter wheats in the 

Intermountain States. 

A clearer under- 

N 
N 

XS S N 

N & Q 
S a 

CAMIEAN FIFAIE 20.36 
= es ee Se Se Se —S 

WEISSENGERG FISED 20.16 

8 | BACSAA F/5E2 

(Frat tq/SSOUPU) FI TSE 

FESTERBODEN #/56CF 

iS a 
~\ KY) 

HUN GAFIIN F2OFF 19.38 . 

POUIIFIANIAI F/EE6 19.30 standing of the rela- 

EAN Plage BB tive average yield of 
De Be a the varieties listed in 

IVALAK OF FEIGOER 72.63 

SERVIAN F/6E7E 7E.60 Ta b l = cx can be 
[SS ee 

(Frora OKLAHOLIA) FTES JEST 
SaaS SS SSS EES 

BANAT F/560 18.47 

CFHEY FFOSS 
= SSS Ss SS SS 

FED RUSSIAN F/E32 AE: 

GOLD COMM #2996 T7232 
Sa SSS Bes Gees See a ee eee 

gained by studying 
figure 7, which shows 
graphically their ay- 
erage yields for the 

Fic. 7.—Diagram showing the average yields of 28 winter-wheat vari- five years 1908 to 

eties for five years, 1908 to 1912, inclusive, at the substation, Nephi, 1912 

Utah. e 

MISCELLANEOUS DATA ON WINTER WHEATS. 

After the grain yields of the winter-wheat varieties have been con- 
sidered, the data most significant in making comparisons are (1) the 
stand, (2) the date of heading, (3) the date of ripening, (4) the height, 
(5) the ratio of grain to straw, and (6) the bushel weight of the grain. 
A summary of these data for the past five years is presented in Table 
X, each factor of which will be considered separately. 
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TABLE X.—Average miscellaneous data on he leading varieties of winter wheat tested at 
the Nephi substation during the 5-year period from 1908 to 1912, ranked according to aver- 
age actual yield. 

Average 
See Average date. actual yield 2 

y ° per acre. |Ratioof!, rage 
R C. I. : : weleay weight ank, No Variety. Height. of grain 33 

Plants | Com- ae bushel. 
per para- |Headed.} Ripe. Grain.| Straw.| S“2W- 
acre. tive. 

Thou- Per 
sands. | cent. | June. |July.| Jn. Bu. Cwt Lbs. 

eee 1437 | Crimean.......---- 130 115 21 1 26 | 23.10 15.2 | 1: 1.09 60. 7 
2 2998 | Turkey...-.------ 126 111 20 21 26 | 22. 10 14.7 | 1:1.11 61.1 
Dena 1442 | Kharkof 133 118 21 21 26 | 21.86 14.1 | 1:1.07 61.2 
4 1559 | Crimean 126 111 21 20 26 21.59 14.1 | 1:1.08 61.1 
Sere 1355 | Armavir...-......- 120 106 19 20 OT Mo Is] 8 ie Bail 60. 4 

Dea se8 2048 | Buigarian......--- 107 95 21 21 27 | 21.46 14.3 | 1:1.11 60. 3 
Geet: 1438 | Ghirka............ 111 98 21 20 27 | 21.42 | 12.7) 1: .99 60. 9 
(i aoae 1435 | Crimean.......-.-.-- 126 111 20 21 29 | 21.15 12.6 | 1:1.00 59.8 
Seka Lolo urke yes sees s. ae 126 111 20 19 26 | 21.13 13.8 | 1:1.09 60. 9 
Qh. - 2979 | Alberta Red...-.--- 110 97 20 20 25 | 21.07 14.0 | 1:1. 11 61.1 
ORES. 1583 | Kharkof..........- 105 92 22 21 26 | 20.95 13.6 | 1:1. 08 60. 6 
NMC oo = 1787 | Japanese....---.-- 124 110 20 21 30 | 20.75 14.6 | 1:1.17 58. 6 
1Pesaee 1436 | Crimean.......---- 107 95 20 21 28 | 20.36 | 14.9 | 1:1.22 59.8 
IS}oeeee 1563 | Weissenberg. . ---- 114 101 21 20 27 | 20.16 14.2 | 1:1.17 61.0 
14..... 1562 | Bacska......-.-.--- 110 97 21 20 27 | 19. 84 13.5 | 1:1. 138 60. 3 
bReses 1756 | Hard winter..-..-..- 114 101 20 21 27 | 19. 56 12.9 | 1:1. 10 60. 0 
IGe2-2- 1564 | Pesterboden......- 110 97 21 21 27 | 19.39 13.3 | 1:1.14 60. 0 
i (aaa 2034 | Hungarian......-- 102 90 21 21 27 | 19.38 13.3 | 1:1. 14 58. 2 
SE sees 1656 | Roumanian....... 108 96 20 22 26 | 19.30 12.5 | 1:1. 08 59. 7 
it een 1432 | Crimean..........- 111 98 21 21 26 | 18. 86 15. 1 |) 1:12.33 60. 4 
FA See 1439) | MWe es Sees =o 119 105 21 23 25 | 18.85 12.9 | 1:1. 14 60.9 
Ae 2908 | Malakof..........- 96 85 21 22 25 | 18.63 | 11.8 | 1:1.06 60. 7 
eee 1676 | Servian..........-. 111 98 21 22 28 | 18.60 iP), |) 5 Th, We 60. 3 
aes 1783 | Hard winter. .--.. 111 98 21 22 26 | 18.57 11.6 | 1:1. 04 61.2 
2 Ra 1560 | Banat........---.-- 116 102 21 20 27 | 18.47 IPE) |) ie Te 110) 60. 8 
DOL sees 3055 | Turkey...-------- 83 73 20 20 25 | 18.42 11.9 | 1:1.08 60. 2 
262... 1532 | Red Russian. ---.- 111 98 21 23 26 | 17.74 UW 7 |p Us Te 10) 60. 5 
C4 eee 2996 |} Gold Coin......--. 98 87 20 23 2 | Wie 83 Jal |] eal Tah 59. 4 

IAWVOTAGC ease c'scasee sees 113 100 21 21 27 | 20.72 Ts} } |] ws Te G5 61.4 

Comparative stand of winter wheats —As used here, “‘stand’’ means 
the number of thousands of plants to the acre which have survived 
the winter and actually grown on the plats. This was determined 
in the following way: A light metal frame 3.3 feet square, con- 
taining 1/4,000 of an acre, was used to inclose the areas in which the 
plants were actually counted. On plats that had reasonably uniform 
stands, four areas, chosen at random but fairly representative of the 
entire plat, were selected and the plants in them counted. The total 
number of plants found on the four areas equaling 1/1,000 of an acre 
is the number of thousands of plants per acre. Where the plats 
were unusually lacking in uniformity, more than four areas were 
counted, and the number of plants per acre calculated accordingly. 

There was found to be a wide variation in the average number of 
plants per acre for all varieties in different years. An exceptionally 
severe winter would result in considerable winterkilling (affecting 
some varieties more than others), and this invariably would result in 
low yields. There seems to have been no correlation, however, 
between the stand and the yield of the varieties. In many cases 
there would seem to be a direct relationship between stand and 
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yield, a thick stand resultmg in a high yield, but in just as many 
cases a relatively thin stand would result in an equally high yield. 
In other cases a thick stand would be followed by a relatively low 
yield. These variations occurred each year and, as shown in Table X, 
the same facts are true in the averages of the four years. An explana- 
tion of this behavior probably lies in the fact that where the stand 
is thin the plants tiller more than they do when they are crowded in | 
a thick stand. This point will be discussed more in detail in con- 
nection with the presentation of the observations made in the nursery 
tests. 

In order to allow a more direct comparison of the stands of the 
winter-wheat varieties, the comparative stand is given in percentages 
in column 5 of Table X. It was computed in this manner: The 
total average number of plants per acre for all varieties (113,000) 
was used as 100 percent. Then by dividing the number of thousands 
of plants per acre for any one variety by 113 the comparative stand 
of that variety was obtained. 

Average date of heading.—The date on which any variety was fully 
headed was noted each year. The average date for the 5-year period 
was then determined. The comparative dates of heading for all 
varieties are presented in column 6 of Table X. It will be noted 
that there was little difference among varieties in this regard. 

Average date of ripening—When the kernels of any variety were 
in the hard dough stage it was considered ripe. The varieties were 
watched closely each year and the date of ripening was noted. The 
average dates for the 5-year period are given in column 7 of Table X. 
Here again it will be observed that little difference existed among 
the varieties. It appears that available soil moisture is the domin- 
ating factor in the control of cereal crops at Nephi and that all 
varietal differences are subsidiary to it when length of growing 
period is concerned. By July 1 the available soil moisture to a 
depth of 3.5 to 4 feet is sufficiently exhausted to check the growth 
and hasten maturity. Thus the varieties all ripen within a hmit 
of a very few days. 

Average height——In each season the height of the crop was deter- 
mined by taking the average of several measurements made in the 
plat. Each measurement was made from the ground to the tip of 
the heads, but not including the beards in bearded varieties. 

The average height of the winter wheats at Nephi, as shown in 
Table X, is 27 inches. This is a low stature when compared with 
that of wheats grown in the more humid districts, and some diffi- 
culty is often experienced in harvesting the crops with a binder. 
The length of straw is not an important factor, however, where the 
header is used in harvesting, as it is almost exclusively on the dry 
farms in the Great Basin. 
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Ratio of grain to straw.—Table X shows the existence of a re- 
_ markably close ratio of grain to straw among the winter-wheat 
_ varieties at Nephi. In most cases only about a pound of straw 

was produced with each pound of grain. This ratio varied some- 
what each year, depending upon the time of planting, amount of 
fall growth made, and the climatic conditions of the growing season. 
In 1908 the average ratio for all varieties was 1 to 1.21; in 1909 it 
was 1 to 1.03; in 1910 it was 1 to 1.25; in 1911, 1 to 1.01; and in 
1912 it was 1 to 1.03. | 

Bushel weight.—The average bushel weight for ail varieties of 
winter wheat grown at Nephi in 1908 was 59 pounds. In 1909 it 

was 56.6 pounds; in 1910 it was 59.8 pounds; in 1911 it was 62 
pounds; and in 1912, 62.5 pounds. The average bushel weight of 
all varieties for the 5-year period, as shown in the last column of 
Table X, is 61.4 pounds, or 1.4 pounds above the standard weight. 
Each year the weights were determined after the grain had been ° i 
cleaned. 

SPRING WHEATS. 

Previous publications: already have shown the superiority of 
winter wheats over spring wheats at Nephi, and it is generally under- 
stood that spring wheats are unprofitable in the Mountain States. 
For this.reason spring wheats have occupied a minor position in the 
work of the Nephi substation. From 1904 to 1907, inclusive, only 

four varieties were tested. These were all durum varieties (Kahla, 

Adjini, Medeah, and Mohamed ben Bachir), and during that period 

the average yield obtained was 12.48 bushels per acre. In 1908 the 
Medeah variety was discarded and the Kubanka (C. I. 1440) variety 
was added. In the same year five varieties of common spring wheats 
were introduced. In 1910 all of the varieties were so nearly failures 
that the common spring wheats were discarded. Since the durum 
varieties showed less serious effects from the drought of 1910, they 
were continued, but were discarded at the close of the season of 1912. 

A summary of the yields obtained in the tests with spring wheats 
since 1908 is presented in Table XI. 

1 Jardine, W.M. Arid farming investigations. Utah Agricultural Experiment Station, Bulletin 100. 

Farrell, F.D. Dry-land grains in the Great Basin. U.S. Department of Agriculture, Bureau of Plant 

Industry, Circular 61, p. 10-11, 1910. 

9679°—Bull. 30—13——4 
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TaBLeE XI.~—Annual and average yields of four varieties of durum and five varieties of 
common spring wheat at the Nephi substation for five years, 1908 to 1912. 

Yield (bushels per acre). 

| 

- bs ) Variety. Average. 

19089|5 1909" | +1910) (tO 1) 9191 

) 1908 to 1910 | 1908 to 1912 

DURUM WHEAT. 

1440 | Kbanke 2 eee eee 10505), 1125) 92:0F a ieateoss 7.8 7.2 
2088 rr Fees 2 is ahd SES pep eee ee 12508). 9.7). 3.2) 7e0elye 6-6 8.3 ef 
2087 | Mohamed ben Bachir.--..........-... 8.0'] 8.81) 2.2") 6:0) 6.3 6.3 6.3 
1594 | yA Oia pee re, neeedeceee tee -, 2e e nta ea 12.5) | 97-84) 2-24 Seb) 4a 7.5 6.4 

AVETACO=. SS. me Be eS ue 10:6}. 9.5 |, 2.4.).-655 125.6 7.5 6.9 

COMMON WHEAT 

1517 ¢ Ghirks Sprne ose ee ee 13.3 | 5.3 a eee ee ose Se (HSN lee oer 
2308's Galealos. 7: <> = ate cake se. U REELS fe 12.0] 9.7 16 pe a ay fn = WAOU a Reese tece 
S039.) Mexican Now. ee a est. ree 22.4.) 8:7 ya eee Pea LORY elise cece. ak 
3036) | Mexican NOs: 2553 2 See Ber ile iY AO y Sete ta) eee ee Sup Weemeretrie.\s. 
3056 | iNew Zealand Spring. - 2%. - 4.2] 23 Bi) AO bal) 2eOM es el eee keh eee 

AW RIAGC 2 Sonn a peo er eee 16.8 

In Table XI it is shown that the average yield of spring wheats 
for the past five years has been very low. In comparison with that 
of the winter wheats, which have average yields of 17 to 23 bushels 
per acre, the spring wheats have been very unprofitable. The 
durum varieties have yielded more uniformly from year to year 
than have the common varieties, but the average yield of the latter 
is a little in excess of that of the durums. 

OATS. 

Though wheat is by far the most important crop at Nephi, some 
work has been done with oat varieties. From the results obtained, 
no variety has proved to be financially profitable. Spring oats 
have suffered from the drought of summer, and winter oats have 
suffered from winterkilling. It is believed, however, that winter 
varieties will prove in the end to be the most profitable ones, because 
the climatic conditions in the Intermountain States are unfavorable 
for the growth of spring cereals in general. 

WINTER Oats. ° 

Only one variety of winter oats has been tested at the substation, 
viz, the Boswell Winter (C. I. No. 4809, a black oat. Mr. Stephen 

Boswell, of Nephi, Utah, received a small quantity of seed of this 

oat from a friend in England who secured it from a sack marked 
‘Seed oats,’’ which stood on a wharf at Liverpool. Mr. Boswell 
planted the seed in his garden in the fall and was surprised to find 
that several plants survived the winter. The seed of these plants 
was saved and planted in the fall of that year. Again there was a 
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high percentage of winter survival among the plants. Then Mr. 
Boswell planted all the seed he had obtamed from the second year’s 
crop on his dry farm, which adjoms the substation on the south. 
He succeeded in getting a yield of 50 bushels to the acre in 1908 

and since then he has obtained yields of from 25 to 40 bushels to the 
acre each year. 

The yields obtained on the substation have not been so large as 
those on the Boswell farm. In 1907 the crop was planted on land 
that had produced a crop of wheat that year, and so much volunteer 
wheat grew that it was impossible to determine the oat yield in 1908. 
In 1909 the yield was 16 bushels per acre and in 1910 only 5.3 bushels. 
This low yield is difficult to understand, for on the Boswell farm and 
on some other farms in that vicinity where the oat was planted 
at approximately the same time a yield of about 25 bushels per acre 
was obtamed. From the general appearance of the plat it was 
thought at the time that the drill had ‘“‘missed”’ considerably at 
seeding time. This, however, was not known to have been the case. 
In 1911 a yield of 38.1 bushels per acre was obtained at the sub- 
station, while about 35 bushels per acre were obtained on the Boswell 
farm. The average yield at the substation during the period from 
1909 to 1912 was 17.2 bushels per acre. 

In the fall of 1911 a rate-of-seeding test and a date-of-seeding test 
with the Boswell Winter oat were begun. The highest yield obtained 
from these tests in 1912 was 19.8 bushels per acre; the lowest yield 
was 0.5 of a bushel. The average yield of eight plats in the tests 
was 9.2 bushels per acre. One other plat yielded 15 bushels per acre. 

Although the Boswell Winter oat has not given very satisfactory 
yields on the substation, it is a promising variety. The rate, date, 
and depth of planting largely govern the yield, and these factors are 
bemg determined. 

This variety has been sown extensively on farms in various parts 
of the West, and reports show varying degrees of success. In many 
localities it is believed that this oat will prove a success, while in 
other localities the results are not so promising. The color of the 
hull is objected to commercially, but the quality of the oat is very 
high and it is a valuable stock feed. 

SpRinG Oars. 

Seven varieties of spring oats have been tested. Three of these— 
the Sixty-Day, the Black American, and the Giant Yellow—have 
been grown since 1904. The Swedish Select and an improved strain 
of Sixty-Day were obtained from the Highmore substation in South 
Dakota in 1908. The former has been grown since that time, 
but the latter was discarded in 1909 because it was mixed with 
another variety. The Kherson variety was received from the Akron 
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(Colo.) substation in 1909 and was tested in the seasons of 1909, 1910, 
and 1911. In 1910 a variety known as the New Roosevelt was 
received from Mr. Erastus Madsen, Elsinore, Utah. This oat came 
from Wisconsin in 1908 and was grown one year under irigation at 
Elsinore. It resembles the Swedish Select variety, though the 
berry is shorter and the glumes are whiter than those of the latter. 

The average yields per acre of the Black American, Giant Yellow, 
and Sixty-Day varieties from 1904 to 1906, inclusive, were 31.7, 24.7, 
and 22.6 bushels, respectively.1 The average acre yields of the same 
varieties for 1907 to 1909, inclusive, were 25.3, 19.5, and 20.9 bushels, 
respectively.” 
A summary of the yields obtained from spring oats since 1908 is 

presented in Table XII. . 

Taste XII.—Annual and average yields obtained in varietal tests of spring oats at the 
Nephi substation, 1908 to 1912. 

| Yield (bushels per acre). 

; : | 
| Average. 

Ss | ; Variety 

1908 1909 1910 1911 1912 1908 1909 1910 1908 

} to to to to 
1909 1911 1912 1912 

549 | Black American... .- 15.6 15.6 8.4 11.6 29.3 15.6 11.9 15.1 15.3 
568 | Giant Yellow. ....--. 9.7 16.3 6.9 12: 2, 21.4 13.0 11.8 13.5 13:3 
165 | Sixty-Day (Nephi)... 16.0 15.0 12.8 2.8 15.3 15.5 6.1 7.0 10. 4 
165 | Sixty-Day (High- 

MOVE) fos eet ee VAS. 8 "|! 338%) 1 - Sees ees a BLOW Ee. 2 Seow Peecee eee eee Ft - 
134 | Swedish Select... ..- 244.1 | 115.4 46.2 8.8 24.1 28.3 10.1 13.0 19.7 
459 | Ac hiessoni. = es ee 16:6 |. | O61 5.94 2S eee tii tLe ieee ea 

New Roosevelt... ..- [2b ogee [Reese 10.9 | 311.5 2616) ae Ne ee dpsanile: <2 

A yerdge: | _2 ss | 26.8 16.2 5.9 8.8 22.5 21.2 9.5 13.0 14.7 
| | 2 | 

1 Average yield of 5 plats. 
2 Grown on land which had been fallow for two*years. All the other varieties were grown in 1908 on 

plats which had produced wheat the previous season. 
3 Average yield of 3 plats. 
4 Average yield of 4 plats. 

Table XII shows that the Black American, the Giant Yellow, and 
the Swedish Select varieties have yielded most satisfactorily since 
1908. The Sixty-Day variety has given the lowest average yield and 
the Kherson oat also yielded low. The New Roosevelt oat has the 
highest average yield for the last three years. The average yields per 
acre for the varieties grown from 1909 to 1912, inclusive, are Black 
American, 15.2 bushels; Giant Yellow, 14.2 bushels; Swedish Select, 
13.6 bushels; and Sixty-Day, 9 bushels. The average yield per acre 
for the Boswell Winter oat during the same period is 17.2 bushels, or 2 
bushels higher than the Black American, which is the highest yielding 
spring variety. The yields are all low, and considerable work remains 
to be done before the oat crop is made a profitable one on the dry 

1 Jardine, W. M. Loc. cit. 2 Farrell, F. D. Loc. cit. 
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lands of the Mountain States. It is interesting’ to note that the two 
best oat varieties are black, one a winter and the other a spring 
variety. 

BARLEY. 

During 1909 and 1910 two winter and three spring varieties of barley 
were included in the plat tests. Since 1910 the only barleys tested at 
Nephi have been winter varieties. Of these, two varieties have been 
included in the plat tests with winter cereals and four additional 
varieties have been included in the nursery tests. The results obtained 
from the two types (winter and spring) will be considered separately. 

WINTER BARLEY. 

The test with winter barleys began in 1909. During 1909 and 1910 
they gave a higher average yield than did the spring barleys for the 
same period, after which the latter were discarded. The inferiority of 
the spring barleys is due to poorer germination, lower tillering power, 
and later maturity. The winter barleys have ripened about 10 days 
earlier than the spring barleys and in that way have more fully 
escaped drought. 

The best variety of winter barley tested has been the Utah Winter 
(C. I. No. 592), known also as White Club in some parts of the country. 
It is of the round or true 6-rowed type, and the head is short, very 
compact, and club shaped. The straw is very stiff and the heads are 
erect. The principal objection to the variety is the ease with which 
the heads are broken off when ripe. The seed of Utah Winter was 
obtained in 1908 from the Boswell farm, where it had yielded about 
50 bushels per acre that year. : 

The other variety of winter barley included in the plat tests was 
Tennessee (C. I. No. 257). This is one of the square 6-rowed barleys 
often called 4-rowed. The head is longer and somewhat nodding and 
the straw is not so stiff as that of the Utah Winter. Otherwise their 
habits of growth are similar. They grow to a good height and their 
quality is excellent. 

The annual and average acre yields of the two varieties are com- 
pared, together with a summary of the miscellaneous data which have 
been collected during the past four years, in Table XIII. 
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TABLE XIII.—Annual and average yields of winter barley grown at the Nephi substation, 
1909 to 1912, including summary of miscellaneous data. 

Average | Average Yield per acre. £ 3 
stand. date. S| B 

SN rel DI il Pe 
Grain (bushels). B 3 g 

C. I. r 
2: i 

mc Variety. lee eve "Sb S ‘Sb 
ne po} ga ® 
3 | 3 Se ele E 
i g rd - o - rc iP) 
2g a | 2 . | SB | 1909 | 1910 | 1911 | 1912 58 = 3 ay 
BP sizes yey | 28 3 |s | 3 5 
RR een onalee stale > |B a > 
Sy | Gif le} | ye |p ies 4 lH oa} < 

M. |P.ct.| Sane} J ay In. Cut. Lbs. 
592 | Utah Winter. ..... 133 | 130} 20 24 1122.0] 9.8 | 32.7 | 213.8 | 19.6 | 9.9] 1:1.00 45 
257 | Tennessee Winter.| 89} 80] 22 dt 24) 18.1] 16.5 | 24.6 4.1] 15.8] 6.4] 1: .90 45 

Average. .... 111 | 100] 21 18 | 24} 20.0) 13.1 | 28.6 | .8.9| 17.7 | 8.2] 1: .95 45 

1 Average of 2 plats. 2 Average of 4 plats. 

Table XIII shows that Utah Winter is the better of the two 
varieties in elmost every instance. The average stand of this 
variety is considerably better than that of the Tennessee Winter, 
and it has ripened an average of one week earlier. The yield of the 
Utah Winter is noticeably better than that of the Tennessee Winter. 
The latter variety as a dry-land crop has a little advantage in ratio 
of grain to straw. 

Spring BaR.ey. 

Two varieties of spring barley, California and California Prolific, 
were grown for seven years at the substation previous to 1910. The 
average acre yield of these varieties for the years 1904 to 1906, 
inclusive,! was 24.3 and 22.4 bushels, respectively. One hooded 
hull-less variety was tested in addition to the two bearded varieties 
named above, in 1908, 1909, and 1910, after which they were dis- 
carded. Their annual and average yields for 1908 to 1910, inclusive, 
are presented in Table XIV. 

Taste XIV.—Annual and average yields of spring barley grown at the Nephi substation 
for three years, 1908 to 1910. 

Yield (bushels per acre). 

Variety. Average. 

1908 1909 1910 

1908-1910 | 1909-1910 

Californias: eeeiaes 2. ee ais eee eta one So eles see 13.3 ou 1.4 (63) 4.5 
California Prolifics. 22 52 seeps 22S obec cinen pemmerei 20. 2 7.7 1.2 hii 4.4 
PGcdedeli-lossw.-2 asec Sisto: ee eee ee See 16.0 Di. eeeeie 6.7 2.1 

IOV AL Cpe tan. enrieiaea cemcce Uae cee Sec oe mee 16.5 6.5 9 8.0 3.7 

1 Jardine, W. M. Loc. cit. 
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As shown above, the average yields of the spring barleys for the 
last three years tested were very low. The yields for 1909 and 1910, 
when compared with those of the winter varieties for the same period, 
show the superiority of the winter type. Then, too, the spring 
varieties had a much shorter straw and for this reason were very 
difficult to harvest with the binder. 

_ Fall-planted spring varieties.—Hleven varieties of spring barley, 
which had been grown several seasons as winter varieties at Arlington 
Farm, Virginia, by Mr. H. B. Derr, of the Office of Cereal Investiga- 
tions, were planted at Nephi in the fall of 1911. The names and 
Cereal Investigation numbers of the varieties planted are as follows: 
Hybrid (648), Black Hull-less (618), Gatami (575), Pedigreed Cheva- 

her (156), Orel (851), Hannchen (531), Hybrid (647), Bavarian (159), 

Princess (193), Hankau (197), and Turkestan (711). The Gatami, 

a black variety, gave the best yield, 5.7 bushels per acre. Some 
varieties were complete failures, while others ranged in yield per 
acre from 0.6 of a bushel to 4 bushels. 

EMMER. 

Extensive tests with emmer have been confined to winter varieties. 
Though spring varieties have been tested to some extent, they have 
not given as great promise of being successful as have the winter 
varieties. Of these, only one (Black Winter) has been tested in the 
plats. This one has received considerable attention, and the results 
of the tests are here reported. 

Since 1908 Black Winter emmer (C. I. No. 2337) has been tested 

rather extensively at the substation. During that time it has ex- 
hibited a number of qualities which are desirable in dry-land grains. 
It has shown a good percentage of winter survival; it has headed and 
ripened uniformly; it has attained a geod height; and it has yielded 
very satisfactorily. In every significant respect it has shown itself 
to be adapted to conditions at Nephi, and it is believed that this 
emmer will prove a valuable crop on the dry farms of the Mountain 
States.! 

The average stand of Black Winter emmer at Nephi during the 
past five years is 121,000 plants per acre. The winter survival, which 
this stand represents, is considerably above the average for winter 
wheats. It has been a little later in heading and ripening than the 
winter wheats, but it has grown about 6 inches taller. In 1908 the 
yield per acre was 41.33 bushels; in 1909 it was 42.88 bushels (aver- 
age of two plats); in 1910 it was 32 bushels; in 1911 it was 57.30 
bushels; and in 1912 an average of five plats gave a yield of 25.50 
bushels per acre. The grain, with kernels still inclosed in the glumes, 

1Farmers’ Bulletins 139 and 466 describe emmer and discuss its adaptation, characteristics, and value 

as a stock feed. 
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weighed 30 pounds per bushel. The ratio by weight of grain to straw 
was 1 to 0.83. 

In the fall of 1911 the substation obtained several pounds of Buf- 
fum’s Improved Black Winter emmer. Two adjacent half-acre plats 
were used to compare this strain with the ordinary strain of emmer, 
one plat of each being sown. Both plats received identical treat- 
ment before and after they were seeded. They were seeded on Octo- 
ber 26 at the rate of 6 pecks per acre, using the “‘oats”’ side of the 
drill. It was noticed at the time of seeding that the kernel of Buf- 
fum’s Improved was much softer than that of the ordinary strain. 
This may have been due to the fact that the Improved was produced 
on irrigated land. The glumes of the Improved were rather brown 
instead of black, as were those of the ordinary strain. 

The winter survival was practically the same. The slight differ- 
ence in number of plants per acre favored the ordinary strain. No 
difference was observed in the general appearance of the plats or in 
the color, vigor, or manner of growth of the plants. Both plats were 
in full head on July 5, and they were ripe on August 9 at an average 
height of 31 inches. 

The ordinary strain, growing on the plat nearest the fence, was 
damaged to some extent by rabbits and ground squirrels. This fact 
may account for the slight difference in yield which favored the Im- 
proved. 

The yield per acre of Buffum’s Improved was 25.2 bushels; that of 
the ordinary strain was 22.1 bushels, a difference of 3.1 bushels per 
acre. As the latter strain had a slightly higher winter survival, it 
can be assumed that the damage done this plat by the rabbits and 
squirrels was responsible, in part at least, for the difference in yield. 

It has been stated by Prof. Buffum * that the progenitors of the 
Improved Black Winter emmer were plants of ‘‘a different type, with 
large, coarse-growing straw and very large, composite heads which 
were different in appearance and of darker color than the ordinary 
ones.”’ It was stated further in the same letter that since 1908 “it 
has come true to type,” at Worland, Wyo. It is of particular interest 
to note that at Nephi not one composite head could be found among 
the plants which covered a total area of six-tenths of an acre. <A few 
heads were light brown in color, but otherwise there was no percep- 
tible difference between the Improved and the ordinary strains. 

NURSERY EXPERIMENTS. 

The nursery experiments at Nephi during 1908 to 1912, inclusive, 
afforded an opportunity for studying cereal varieties on a more 
intensive scale than was given by the plat experiments. Each test 
in the nursery was confined to short rows. The rows varied from 

1 Carleton, M. A. Winter emmer. U.S. Department of Agriculture, Farmers’ Bulletin 466, 1912. 
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7 to 12 inches apart, according to the plan of each test. In most of 
the experiments the actual number of seeds planted in each row was 
known and these were placed at definite distances in the row. Under 
these conditions many accurate determinations were made and a 
great number of data of significance in a study of cereal varieties 
were noted. 

The nursery experiments comprised three main groups: (1) 
Varietal tests (fig. 8) including small-grain head rows, increase rows, 
and minor cereals; (2) tests of the value of different sizes of seed; and 

(3) tests of different seed treatments for smut. The largest of the 
three groups was that containing the head rows. Of these there 
were 300 to 600 each year, while there were never more than 100 

$9982 SEED ROTS FFP ew Boel gh0209 Berens as py 
Lb V9 Fy 

Fic. 8.—Winter cereal nursery at the Nephi substation in 1912. Looking west; summer fallow in the 

foreground; increase rows at left; head rows in center marked by white stakes; miscellaneous cereals 

at right. In the background is the low range separating Juab Valley from Dog Valley. 

increase or miscellaneous rows. Each of the groups will be reviewed 
separately, and the data most pertinent at this time will be pre- 
sented. ; 

HEAD ROWS. 

The head-row tests have been made to furnish pure-line selections 
of the cereal varieties under test at Nephi. In 1908 plants typical 
of each variety were selected from the plats of that year. Hach plant 
was noted with respect to its height, number of culms and heads, 
uniformity of culm length, the average length of heads, average num- 
ber of kernels to the head, seed-holding power, and the total weight of 
the grain. At least 2 heads of this typical plant were selected and 
used as parent heads in making the subsequent head-row sowings. 
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The length of these heads and the number of kernels each contained 
were determined. Finally 30 kernels from each head, except when 
the head contained fewer kernels, were planted in rows 10 feet long 
and 12 inches apart. The kernels were sown 4 inches apart in the row 
at the usual time, both in spring and fall. A furrow about 3 inches 
in depth was first opened with a wheel hoe. Then a board set with 
wooden pegs 4 inches apart was used to mark the places for the seeds. 
The seeds were placed by hand, one in each hole left by the pegs. 
The furrows were then covered with the wheel hoe and arake. This 
left the seed from 3 to 4 inches beneath the surface of the ground. 
From then until the resulting plants were mature their behavior was 
observed and noted. Data pertaining to the following points were 
collected: Date of full emergence from the ground, percentage of 
survival, color, vigor, manner of growth, culms per plant, heads per 

-plant, and height. Then what was believed to be the best plant 
growing under normal conditions in each row was selected for further 
propagation. The points considered in making these selections were: 
Vigor, uniformity of culms, number of heads, and length of heads. 
After the plant had been selected the remaining plants in the row 
were harvested and thrashed. The weight of their grain with that 
of the selected plant gave the total row yield. The mother plant 
selected was treated in the same manner as the parent plant of the 
previous year. This procedure has been repeated each year since 
1908. During that time several selections of more recently introduced 
varieties have been added to the original number. The nursery at 
present contains selections of 95 varieties of winter cereals, including 
wheat, oats, barley, emmer, and spelt; and 23 ‘varieties of spring 
cereals, including only oats and durum wheat. In only afew instances 
are there fewer than two selections of any one variety and in many 
instances there are more than two selections, sometimes as many 
as 20. 

From such a large number of head rows, recorded as they are at 
Nephi, a great mass of data has been accumulated. Not all of these 
are germane to the purposes of this bulletin. Those which are of 
interest, however, in connection with the results obtained in the 
plat tests of the same varieties will be discussed here. 

WINTER CEREAL HEAD ROWS. 

An unexpectedly high percentage of winterkillmg has occurred in 
the winter cereal head rows. The average winter survival has been 
about 65 per cent. This has varied, of course, with the severity of 
the winter conditions, and in that respect the rows were affected in 
practically the same proportion as were the plats. 

The tillering of the plants has varied with the thickness of the 
stand. Where the stand was thick the plants have grown more erect 
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than where the stand was thin. When the plants were not crowded, 
the early growth of the culms was lateral and the plants would spread 
out over considerable space. Later, as the plants approached matur- 
ity, the position of the culms would be such as to give the row the 
appearance of having a much thicker stand than actually existed. 

The average number of culms per plant seldom exceeded 25. 
Individual plants would sometimes have as many as 40 culms. This 
was true only where the plant occupied an isolated position in the 
row. These observations may aid in explaining the fact, previously 
noted in connection with the plat tests, that the number of plants 
to the acre is not a dependable criterion in Soenmeie ng the yield of a 
cereal variety. 

The average yields of the head rows give the varieties about the 
same rank as that which they occupied in the plat tests shown in 
the first part of Table VIII. The hard winter wheats were among 
the leading wheat varieties in the nursery, emphasizing more strongly 
their value as dry-land crops in the Mountain States. 

SPRING CEREAL HEAD ROWS. 

It was observed that the percentage of germination of the spring 
cereals generally was high. A much better stand was obtained in 
these than in the winter varieties, but the yields obtained were very 
low in comparison. This can be accounted for by the fact that the 
drought of the summer months has a very serious effect on the spring 
varieties, as previously noted in connection with the plat experiments. 
Then, too, though their percentage of germination was high, the spring 
varieties have a very low tillering power and seldom average more 
than five heads to the plant.. Owing to the effect of the summer 
drought, the heads are short and the number of kernels per head is 
small. 

Another observation ale: on spring varieties of peoreals in the 
nursery is of interest. The plants were very poorly established in 
the soil. They apparently had a very limited root development, 
which often failed to support them during vigorous movements 
caused by exceptional gusts of wind. Frequently a number of 
plants in each row would be found eeliy uprooted and lying 
flat upon the ground. ; 

INCREASE ROWS. 

The bulk seed of the most promising head rows was planted in 
rows 121 feet long. These rows are known as “increase” rows, 
‘and are designed to increase the pedigreed seed from the head rows 
sufficiently for sowing plats where any improvement due to selection 
‘can be measured. 

The rows were seeded with the drill used in seeding plats. Each 
cup of the drill was filled with the pure seed from a head-row selection. 
ye 
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In this way the seed was sown under what were approximately ordi- 
nary field conditions. About 60 to 70 winter selections and 15 to 45 
spring selections were sown each year in increase rows. At the 
proper time they were harrowed in the same manner as all other 
cropped plats on the farm. 

A study of the increase rows is important only in connection with 
the head rows. In most cases a decided improvement in the yielding 
power of the varieties was evident after they had gone through the 
processes of nursery selection. Whether this improvement was due 
to anything more than the production of pure strains has not been 
decided. 

MINOR CEREALS. 

A few short rows of several of the minor cereals have been grown 
to determine their adaptability to conditions at Nephi. Some work 
has been done with grain sorghums, broom corn, prosos, and millets. 
The results obtained give little promise that any of these crops will 
become profitable on the dry lands of the intermountain region. 
They seem not to be adapted to the altitude and climatic conditions 
obtaining in that region. They are very late getting started in the 
spring, and they are usually injured before ripening by the early 
frosts of autumn. 

TESTS OF THE VALUE OF DIFFERENT SIZES OF SEED. 

Experiments designed to determine the relative value of different 
sizes of seed wheat were begun in the spring of 1909 with two spring- 
wheat varieties. During the three succeeding years, 1910 to 1912, 
inclusive, two winter varieties were used. 

The seed was separated by means of a series of screens into three 
sizes, (1) 3mm. and larger, (2) 2 to 2.6 mm., and (3) less than 2 mm. 

In addition to these three sizes of seed ordinary bulk seed of each of 
the varieties was used, making four lots in all. The seed was sown 
in rows 5 feet long and 8 inches apart. Eighteen rows of each lot 
of seed were sown, 3 rows being sown at each of the following rates: 
2, 4, 6, 8, 10, and 12 inches apart in the row. The seed was placed 
about 2 inches deep in the rows. A guard row was sown around each 
group of 18 rows. There were thus four groups of each variety or 
eight groups in all. They appeared in the field as illustrated in 
figure 9. 

Seeding was done at the usual time and in the following manner: 
A furrow about 2 to 3 inches deep was opened for each row. The 
seeds were dropped at the desired distances in the row and then 
covered. Stakes which were numbered to correspond with the 
record numbers were placed at the head of each row. As early as 
possible the next summer, usually about June 1, a count was made 

of the number of plants growing in each row. The percentage of 
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winter survival was then determined by dividing the number of 
plants growing by the number of seeds planted. 

The number of plants maturing was determined also. This 
number seldom differed from the number of plants surviving. 
Occasionally, however, a weak plant would fail to mature. For this 
reason it was necessary to make the second count. If the second 
count were not made, the possibility of error would be enhanced 
when the average number of heads to the plant was being determined. 

Harvesting was 
done by hand. The VARIETY AV VARIETY B 
heads of each row SEED Film. AND LARGER 

were picked and 
placed in a paper 
bag. Later, in the 
laboratory, the aver- 

age length in inches SEED 2 70 2mm. 
of the heads of all 

the plants in each 
row was determined. 

No differences less 

than a quarter of an 
inch were noted in SLED 2177. ANDO S/ALLER 

making head meas- 
urements. The 

heads were then 

thrashed by means | 
of a small hand 
thrasher made espe- 
cially for small row 

ORDINARY BULK SEED 

IM V7 aN vi V7; 7 wy 7 \ 2 D a eo" gn So’ 8" fo" Vea BQ QZ Ee" 3” jo" 2 

work. In this man- 

ner the row yields 
were obtained with 

reasonable accu- 

' 
aN 

Fig. 9.—Plat arrangement for testing different sizes of seed of two 

racy. — varieties of winter wheat, at six different rates of seeding. 

SPRING WHEAT VARIETIES. 

The test of the value of the different sizes of seed of spring wheat, 
as stated before, was conducted during only one season, in 1909. Two 
varieties were used, one durum, Kubanka (C. I. No. 1440), and one 

common, Spring Ghirka (C. I. No. 1517). The durum variety, 
Kubanka, has light-brown or yellowish chaff and beards and large, 
hard, clear-amber kernels. The common variety, Spring Ghirka, 
is beardless, and it has a white chaff and medium-sized, hard, red 
kernels. Some difficulty was experienced in obtaining the desired 
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sizes of seed of these varieties. It was as difficult to get a sufficient 
number of the small-sized Kubanka kernels as it was to get the 
large-sized Ghirka kernels. The different grades of seeds were ob- 
tained, however, and sown as described. A summary of the results 

obtained is presented in Table XV. 
Data relative to percentage of survival, number of plants maturing, 

number of heads per plant, and yield in grams are presented. The 
figures in each column of the table represent the average of three 
rows. For example, the first figure in the first column, 61, represents 
the average percentage of survival of large seed of Kubanka sown 2 
inches apart in three rows which were 5 feet long and 8 inches apart. 
Averages of all rates of seeding for each size of seed are given, as well 
as averages of all sizes of seed for each rate of seeding. 

TaBLeE XV.—Results obtained from sowing large, medium, small, and unseparated seed 
of two varieties of spring wheat, at different distances in the row, at the Nephi sub- 
station in 1909. 

Percentage of sur- | Number of plants Number of heads Yield of rows 
vival. maturing. per plant. (grams). 

Variety and size of | Distance be- Distance be- Distance be- Distance be- 
seeds. tween seeds tween seeds tween seeds tween seeds 

(inches). |Aver-| (inches). |Aver-| (imches). |Aver-| (inches). |Aver- 
age. age. age. age. 

2| 4/6) 8/10)12 2|4)| 6) 8 10/12) 2) 4) 6/8 /10)12 2/416) 8 |10)12 
| pat. | fe eae ea ea és pe 3 |e a Re 

Kubanka (C. I. No. 
1440): 

Large (3 mm. 
and larger). - -/61/69/64)67|57|67 64)19)11) 7) 6) 4] 4 9} 2) 2) 3) 5) 4) 4 3/42/33)/31/36)/25|24 32 

Medium (2 to | 
2.5 70M.)..... 58/69) 45)44)/ 43/33, 49)18}11) 5) 4) 3] 2 7| 2) 2) 4) 5) 6) 4 4/32/29)21)24/32)14 25 

Small (less than 
2mm.) ...--. .|26/25)36)33)/29|33 30] 8} 4) 2) 3) 2) 2 4| 3} 5) 5) 3] 4) 4 4/30/22)18)12)16)11|" 18 

Unseparated . . ./45/50)54/55|57|67 55/14] 8) 6) 5) 4) 4 7| 3] 4) 5) 5) 5) 6 5/42/36/38/26/27|29 33 

Average...... 48)/53|50/50)46/50 50/15} 9) 5) 5} 3} 3 7| 3) 3) 4) 5) 5) 5 4/37|30|27| 24/25/20 27 

Ghirka (C. I. No. 
1517): 

Large (3 mm. | 
and larger). - .|68)/69)73|78) 86/83 76/21)11) 8) 7) 6] 5 9} 3) 5} 6) 6} 7) 6 5/48/38 37/39)42)30 39 

Medium (2 to jel | 
2.5 ™mm.).. .. .|61/56 64/67|71/50 61)19) 9 7) 6 5) 3 8} 3} 5) 6) 7] 8) 9 6/50/33 39)34/28 28 35 

Small (less than | 
2mm.)....-. .|55|/62/36|44/57/33) 48/17\10) 4) 4) 4) 2 7| 4| 5) 9} 8! 7) 6 7/44/38 31)24/20 12 28 

Unseparated - - ./61/56 45/44/43|50 50]19} 9} 5} 4 3] 3 7| 4| 6) 7) 7] 8) 9 7\56 43,39 28 23 23 35 
a a Sa ee ee ee 

Average.....- 61/61 ma belie 54 57/1910 6| 5| 4) 3 8} 4) 5} 7| 7] 8) 8 6/50 38 37 31 aes 34 
| 

Table XV shows that the large seed of both varieties had the highest 
percentage of survival in every instance. The small seed had the 
lowest percentage of survival in most instances, while the average 
survival of the original, unseparated seed was generally high. The 
large seed produced the greatest number of plants which matured. 
Fewer heads per plant, however, were produced by the large seed 
than by any other grade. The yields obtained from the large seed 
were higher, in most cases, than were those obtained from the medium 
or small seed. There was little difference, however, between the 
yields obtained from the large and the original, unseparated seed. 
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It is of interest to note that the thickest seedings resulted in the high- 
est yields in all cases; also, that the common variety was generally 
better than the durum variety. 

WINTER-WHEAT VARIETIES. 

The two varieties of winter wheat used for tests during 1910 to 
1912, inclusive, were Koffoid (C. I. No. 2997) and Turkey (C. I. No. 
2998). The Koffoid variety is beardless, with light-brown chaff and 
large, soft, white kernels. The Turkey variety is bearded, with 
white chaff and medium, hard, red kernels. Some difficulty was 
experienced in grading these varieties, as was the case with the 
spring wheats. A summary of the results obtained is presented in 
Table XVI. The essential difference between this table and the 
preceding one is that this is a summary of three years while the other 
was a summary of but one. The average length of heads, also, has 
been added in Table XVI. The figures for each year represent an 
average of three rows. The averages, then, represent an average of 
three rows for three years. In the right-hand column are given for 
each size of seed the average results for all rates of seeding for three 
years. A summary of the averages presented in the table is also 
given, which will facilitate the making of comparisons. 

Table XVI shows that the percentage of survival from the different 
sizes of seed varied widely during the 3-year test. The relative value 
of the different grades would change each year if based on percentage 

-of winter survival. This behavior resulted in averages which showed 
no great differences. The medium-sized seed of the Koffoid variety 
gave the highest average, while with the Turkey the small seed gave 
the highest average. The original unseparated seed of the Koffoid 
was low in percentage of survival, while that of the Turkey was high. 
The large seed of both varieties gave a relatively low percentage of 
survival. In average number of plants maturing, the relative value 
of the different grades was about the same as in percentage of 
survival. 

In average number of heads per plant the large seed showed the 
ereatest value. In this respect the large seed of both varieties led 
in almost every instance. The small seed and the original bulk seed 
were practically equal in average number of heads produced per 
plant, and both grades were lower in average than the medium size 
of seed. The rate of seeding was an effective factor in determining 
the number of heads per plant. This was lowest where the plants 
were 2 inches apart in the row. Between the 2-inch and the 6-inch 
rates of seeding there was a gradual increase in the number of heads 
per plant. But after the 6-inch rate the number of heads per plant 
remained about the same for all subsequent rates. From this it seems 
that the 6-mch rate allows sufficient space in the row for winter wheat 
to reach its greatest efficiency in tillering. 
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A remarkable uniformity is observed in the length of heads from all 
sizes of seed sown at all the different rates. 

In yield the large seed gave the best results. This was true quite 
generally throughout the test. With all sizes of seed the 2-inch rate 
of seeding gave the highest yields. This evidently was due to the 
facts that (1) the percentage of survival from the 2-inch spacing was 
equal to that from the other rates, thus leaving more plants in the 
row, and (2) though the number of heads per plant was smaller there 
was no great difference in the average length of the heads. 

The general summary of Table XVI shows further that with one 
exception the Turkey variety surpassed the Koffoid variety on every 

point. Only in the case of the length of the head the Koffoid variety 
had the advantage. But what the Turkey variety lacked in length of 
head it made up in percentage of survival, in number of heads per 
plant, and hence in yield. 

TREATMENT OF SEED WHEAT FOR BUNT. 

Tests comprising 76 nursery rows, each 2 rods long, for the purpose 
of studying the effects of various seed treatments on bunt infection, 
were started in the fall of 1909 and continued through 1912. The plan 
of the experiment was made by Mr. Edward C. Johnson, then patholo- 
gist in charge of cereal-disease work. 

The object of the experiment was to determine the effect on bunt 
infection of (1) the time of planting winter wheat, (2) treatment of 
the seed with different solutions of varying strength, and (3) the re- 
moval of smut balls during seed treatment. The last two points, being 
closely related, were studied simultaneously. 
Two varieties of winter wheat were used, viz, Turkey (C. I. No. 

2998) and Odessa (C. I. No. 3274). The Turkey is a bearded, white- 

chaffed, hard, red-grained variety, while Odessa is a beardless, brown- 
chaffed, soft, red-grained variety. Both varieties were heavily inocu- 
lated with smut spores taken from the Odessa wheat grown on the farm. 

TIME OF SEEDING AS AFFECTING BUNT INFECTION. 

Seed of each variety, which previously had been inoculated, was 
sown without treatment on six different dates in 1910 and 1912. In 
1911 this part of the test was omitted. One 2-rod row of each 
variety was sown on each of the following dates: August 15, Septem- 
ber 1, September 15, October 1, October 15, and November 1. The 
seed was sown by hand and at a much higher rate than that at which 
a machine would have sown it. 
When the grain was ripening the next fall, the percentage of bunt 

in each row was determined by the following method. At least 200 
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heads were counted in the center of each row, which was considered 
typical of the entire row. Then the number of bunted heads found 
among the 200 previously counted was noted and the percentage of 
bunt determmed. The data obtained are given in Table XVII. 

TABLE XVII.—Percentages of bunt infection noted in a time-of-seeding test with two 
varieties of winter wheat at the Nephi substation in 1910 and 1912. 

[The seed had been inoculated with bunt spores. ] 

Date of planting. 

Variety. Aug. 15. Sept. 1. Sept. 15. Oct. 1. Oct. 15. Noy. 1. 

1910 | 1912 | 1910 | 1912 | 1910 | 1912 | 1910 | 1912 | 1910 | 1912 } 1910 | 1912 

MUITKGY 7. foes chee eee es oe 0 50 0 42 5 33 20 39 35 19 35 2a 
Odesss-e5.. Game tetee ee seo 0} 48 5 49 25 19 12 2 15 1 18 3 

HAVETAPO.-oe ie nce en 0 46 2 46 15 26 16 20 25 10 26 2 

There is so much discrepancy in the results obtained that no rela- 
tion is indicated between the time of sowing winter wheat and bunt 
infection. The results of the first year strongly favored early plant- 
ing, while those of the second year favored late planting. The results, 
as a whole, seem only to emphasize the nepersin of seed treatment 
for bunt infection. 

COPPER-SULPHATE AND: FORMALIN TREATMENTS. 

Thoroughly moculated seed of each variety was used in studying 
the effect of copper sulphate and formalin on bunt. An outline of 
the various treatments tested is given below: 

Copper-sulphate treatment: 
(a) 1 pound of copper sulphate to 5 gallons of water; seed soaked 10 minutes in 

this solution and then dried. 

(b) 1 pound of capper sulphate to 5 gallons of water; seed soaked 10 minutes in 

this solution and then soaked 10 minutes in a solution of lime and dried. 
(c) 1 pound of copper sulphate to 10 gallons of water; seed soaked 10 minutes and 

dried. 
(d) 1 pound of copper sulphate to 10 gallons of water; seed soaked 10 minutes and 

treated with lime as in b. 

(e) 3 pounds of copper sulphate to 10 gallons of water; seed soaked 10 minutes and 

dried. 

(f) 3 pounds of copper sulphate to 10 gallons of water; seed soaked 10 minutes and 

treated with lime as in b. 
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Formalin treatment: 
(a) 5 parts of formalin to 1,000 parts of water; seed soaked 10 minutes and dried. 
(b) 5 parts of formalin to 1,000 parts of water; seed soaked 10 minutes and kept 

moist 2 hours. 
(c) 2.5 parts of formalin to 1,000 parts of water; seed soaked 10 minutes and dried. 
(d) 2.5 parts of formalin to 1,000 parts of water; seed soaked 10 minutes and left 

moist 2 hours. 
(e) 1.25 parts of formalin to 1,000 parts of water; seed soaked 10 minutes and dried. 
(f) 1.25 parts of formalin to 1,000 parts of water; seed soaked 10 minutes and kept 

moist 2 hours. 

Commercial formalin, a 40 per cent solution of formaldehyde, was used. 

The treatments with both copper sulphate and formalin were 
applied to seed of the two varieties in two ways—(1) with the smut 
balls left in, as is ordinarily the case in farm practice, and (2) with 
the smut balls removed. This was accomplished by immersing the 
seed in water, and skimming off the smut balls as they rose to the 
surface. Thus, two rows of each variety were treated in the same 
manner, except that the smut balls had been removed from the seed 
used for one row and not from the other. 

One hundred and fifty seeds were sown in each row. The rows were 
2 rods long and the seeds were sown at equal distances apart in the 
row. Besides the rows of treated seed, there were sown check rows 

which -had been neither moculated nor treated and control rows 

which had been inoculated but not treated. 
The seeding was done by hand and in the manner previously 

described for the nursery sowings. In the fall of 1909 and again in 
1911, when the 1910 and 1912 rows were being sown, care was taken 
to disinfect the hands after each row was planted. This precaution 
was not taken in the fall of 1910 when the 1911 rows were being sown. 
The failure to take this precaution may explain the discrepancies 
appearing in the results of 1911. The details of the entire test and 

_ their summary are given in Table XVIII. The percentage of smut 
was determined in the same manner as that in the time-of-seeding 
test. 

The results presented in Table XVIII show the effectiveness of all 
treatments when the treated rows are compared with the controls. 
The third treatment with copper sulphate (1 pound to 10 gallons of 
water, soaked 10 minutes and dried) gave the best results of any 
treatments with that compound. The fourth treatment with formalin 
(2.5 to 1,000 parts, soaked 10 minutes and kept moist 2 hours) gave 
the best results of any of the formalin treatments. Results obtained 
with these two treatments were.almost identical, but the ease with 

which formalin can be handled gives that treatment an advantage 
over the copper-sulphate treatment. 
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The removal of smut balls in this experiment had less effect than 
would have been the case had the seed been handled in greater bulk 
and sown by machinery. In the latter case the smut balls would 
have been removed with less thoroughness and there would have been 
some infection after treatment through the breaking of the remaining 
smut balls in the drill. 

SUMMARY. 

The Nephi substation is located in the Juab Valley in the eastern 
part of Juab County, in central Utah. The altitude of the substation 
is approximately 6,000 feet. 

The average annual rainfall in Juab Valley during 1898 to 1912, 
inclusive, was 13.61 mches. The winter and spring precipitation is 
the heaviest of the year. The summer rains have been very small 
and consequently of little value to the growing crops. 

The average evaporation during the six summer months, April to 
September, inclusive, for the years 1908 to 1912, inclusive, was 45.57 

inches. The average daily evaporation for the same period was 0.25 
inch. 

The average wind velocity per hour during the months of April to 
October, inclusive, for the years 1909 to 1912, inclusive, was 4.3 miles. 

The average length of the frost-free period for the years since 1907 
has been 102 days. The latest spring frost occurred on June 22, 1908; 
the earliest fall frost occurred on August 30, 1908, leaving a frost-free 
period of 69 days. The maximum frost-free period was in 1910, from 
May 16 to October 5, a total of 142 days. 

The soil at Nephi ranges from a deep clay to a sandy loam, and 
where it is now found in the virgin condition it is covered with a 
heavy growth of sagebrush. 

The varietal tests on plats have included 105 cereal varieties and 
strains. There were 68 varieties and strains of winter wheat, 1 of 
winter oats, 3 of winter barley, 2 of winter emmer, 10 of spring wheat, 
7 of spring oats, and 14 of spring barley. 

The winter varieties of all cereals have given better results than 
have the spring varieties. 

Of the winter wheat varieties, the hard red group has given the 
best yields. The soft white group, commonly grown in the Inter- 
mountain States, is comparatively low in yield. 

The Turkey variety (C. I. No. 2998), the leadmg hard winter 
wheat at the substation for several years, is the most satisfactory of 
the winter wheats. It has been used as a check variety for a number 
of seasons. Only one variety, Crimean (C. I. No. 1437), ranks higher 
in actual yield, but its rank is based on the yield of a single plat each 
year, while the rank of the Turkey is based on an average of several 
plats. 
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There seems to have been no definite correlation between stand 
and yield. 

The average date of heading and also the average date of ripening 
were about the same for all varieties. 

The average height of the winter wheats at Nephi during 1908 to 
1912, inclusive, was 27 inches. 
Approximately 1 pound of grain was produced with every pound of 

straw. 

The average bushel weight for all varieties of winter wheat for the 
5-year period was 61.4 pounds, or 1.4 pounds above the standard 
weight. 

The average acre yield of spring wheats since 1908 is only 7.5 
bushels for durum varieties and 8.9 bushels for common varieties, 

which is unprofitable in comparison with the acre yield of 17 to 23 
bushels from winter wheats. 

Boswell Winter oats have yielded very well in some seasons. In 
other seasons tlie yield has been low, thus reducing the average acre 
yield to 17.2 bushels for 1909 to 1912. However, the variety gives 
ereat promise as a winter oat for the intermountain region. 

The Black American, Giant Yellow, and Swedish Select varieties of 

spring oats have acre yields of 15.2, 14.2, and 13.6 bushels, respec- 
tively, in 1909 to 1912, inclusive. 
Two winter varieties of barley have given promising results. Of 

these two, Utah Winter (C. I. No. 592) has yielded an average of 19.6 
bushels per acre, as against 15.8 bushels for Tennessee Winter (C. I. 
No, 257). : 

Three spring varieties were practically failures and were discarded 
in 1910. | 

Black Winter emmer has shown itself adapted to conditions at 
Nephi, and probably will prove a valuable crop on the dry farms of the 
Mountain States. There was no apparent difference during 1912 
between Buffum’s Improved Black Winter emmer (C. I. No. 3331) 
and the ordinary Black Winter emmer (C. I. No. 2337). 

The nursery experiments comprised five main groups, namely, head 
rows, increase rows, minor cereals, tests of the value of different sizes 
of seed of two spring and two winter varieties of wheat, and tests of 

_ different treatments of seed wheat. 
The following data obtained from the head rows are directly related 

to the results of the plat experiments: 
(1) The average winter survival of the cereals was about 65 per cent. 
(2) The tillering of the winter cereals varied with the thickness of the stand. 
(3) The average number of culms per plant in winter cereals seldom exceeded 25, 

though favored plants would sometimes have a greater number. 
(4) The average yields of the head rows gave the winter cereal varieties about the 

same rank as did the plat experiments. 
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(5) The spring cereal varieties yielded less than the winter varieties, even though a 
better stand was obtained. 

In the increase rows a decided improvement in the yielding power 
of the cereal varieties was evident, probably due to the use of pure 
strains. 

Tests with minor cereals have been limited. Some work has been 
done with grain sorghums, broom corn, millets, and prosos, but the 
results obtained have given little promise that these crops are adapted 
to the dry lands of the intermountain region. 

In the test of size of seed with both spring and winter varieties, the 
large seed was best in number of heads produced per plant and in yield 
perrow. No great difference was observed among the different sizes 
of seed, in the percentage of survival, plants maturing, or length of 
heads produced. 

In the test of different seed treatments for smut, the following points 
were observed: 

(1) The effect of the time of seeding on bunt depended largely on the season. 
(2) The best copper-sulphate treatment was 1 pound of copper sulphate to 10 gallons 

of water, the seed soaked 10 minutes and dried. 

(3) The best formalin treatment was 2.5 parts of formalin to 1,000 parts of water, the 

seed soaked 10 minutes and kept moist 2 hours. 

AD DEEON AL COPIES of this publication 
may be procured from the SUPERINTEND- 

ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C., at 10 cents per copy 
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BEHAVIOR, UNDER CULTURAL CONDITIONS, OF 
SPECIES OF CACTI KNOWN AS OPUNTIA. 

By Davip GRIFFITHS, 
Agriculturist, Office of Farm Management, Bureau of Plant Industry. 

INTRODUCTION. 

The investigations upon which the observations recorded in this 
paper are based are being conducted in three principal localities— 
Brownsville and San Antonio, Tex., and Chico, Cal. At each place 
between 600 and 1,500 varieties of prickly pear and cane cacti have 

been planted and grown well toward maturity or have failed to grow. 
With such an array of material, secured from all the prickly-pear 

regions of the world and representing especially that large stretch 
of territory between Calgary, Canada, and Oaxaca, Mexico, there is 
naturally a large quantity of data on various phases of the subject 
accumulating very rapidly. 

In this paper are detailed a few of the salient features of con- 
spicuous behavior. In the main, the points discussed here have a 
bearing upon some of the economic aspects of this group of plants. 

While it is neither necessary nor desirable to enter into details at 
the present time regarding the conduct of the work, that being re- 
served for a future publication, a few words of explanation are de- 
sirable. At Chico, where the main collection is now handled, work 
is carried on both in the field and under sash shelters; at San An- 

tonio in the field and under canvas shelters, and at Brownsville in the 

field entirely, thus far. 
, SPINE VARIATION. 

To treat the subject of spine variation adequately would require a 
book of no small magnitude, but only a few phases of the subject will 
be attempted at present. 

In the economic handling of the prickly pear as a farm crop in 
southern Texas great differences have been found in the ease with 
which spines are burned from different species, and the differences 
are to a considerable extent matters of geographical position. Native 

9761°—13——1 
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species from the immediate vicinity of Brownsville have been em- 
ployed in our economic plantings, because it was early recognized 
that these were the best adapted to the conditions and would make 
the largest tonnage of any that could be grown. 

All species of this region are exceedingly spiny. They are even 
more spiny than those of the San Antonio region; moreover, the 
spines remain green for a longer period and are consequently much 
more difficult to singe properly preparatory to being fed. This is a 
serious economic consideration and one which is difficult to pre- 
vent. Under the humid conditions of the coastal region the tendency 

is for the spines (fig. 
1, a) and the spicules 
(fig. 1, b) of all spe- 
cies to become dry. 
much more slowly 
than in the more arid 
atmosphere of the re- 
gions farther inland. 

In the cultivation of 
this crop it is there- 
fore necessary for one 
to choose between the 
spineless forms not 
needing singeing and 
the much more pro- 
ductive spiny native 
varieties, which are 
not only difficult but 
often impossible to 
singe properly. It 

Fic. 1.—A pulvinus, or cushion of spines (a) and spic- may be possible in 

ules (b), from the edge of a joint of Opuntia lind- time to breed varieties 
heimeri from the San Antonio region of Texas. better adapted than 

the native ones, but the development of such forms from the spiny 

native prickly pears of the delta of the Rio Grande is an almost 
hopeless task, the variation in the number of spines produced being 
so trifling as to scarcely warrant selection, while they do not appear 

to hybridize readily with the spineless forms. 
In June, 1905, the Office of Foreign Seed and Plant Introduction 

of this Bureau received from Dr. G. Borg, San Giovanni, Island 
of Malta, a few cuttings of a large spineless species, to which was 
assigned S. P. I. No. 14807. The plant passes in both this country 
and the Mediterranean region as spineless. About half a dozen 
cuttings of this importation were planted and grew for two and 
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a half years at the plant introduction field station at Chico, Cal. 
They were then cut up into individual joints and reestablished in 
nursery form in a plantation as extensive as the stock thus produced 
would permit. It was noticed that one of the original plants had 
on one of its joints three or four spines in one or two pulvini on one 
side. No heed was paid to this, however, and this joint was lost sight 
of in the planting, which was made in nursery form. In other par- 
ticulars this did not differ from the other plants. 

This prickly pear belongs to what commonly passes for Opuntia 
ficus indica and is nearly spineless. Frequently short spines are 
produced, but they are very few in number; there is but one in an 
areole, and they are usually only 2 to 5 or 6 millimeters in length. 
It is on the whole an average of the spineless forms. When the first 
planting of this stock was grown, one plant which was normally 
vigorous showed a few rather long spines, as stated above, similar 
in character to the shorter ones more commonly produced, but much 
longer and stouter. 

The establishment of the nursery plantation took place in April, 
1908. The following spring all of the spineless forms (especially 
S. P. I. No. 14807) were cut back to the original cutting for stock. 
At this time it was noticed that one side of one plant of this number 
was very spiny and the other side as spineless as the remainder of 
the importation. With the rest, this plant was cut close, but the 

spiny cuttings were rejected. In the spring of 1910 the new growth 
Was again in part spiny, and it was again cut back, but one joint was 
left attached to the original one. At that time neither joint left on 
the plant showed any spines. 

In the spring of 1911 it was found that the previous season’s growth 
had come mainly from the upper cutting, which grew in the season of 
1909. From the original cutting two joints had sprung, one from 

each side. All new growth on one side of the plant, whether from the 
original cutting or from the younger joint, was practically spineless 
(Pl. I, fig. 1), while the other side was exceedingly spiny (PI. I, 
fig. 2), the latter resembling the more common forms of some of the 
mission pears grown in all of the collections in southern California 
and bearing two to four white spines two-thirds of an inch to 14 

‘inches long. The whole plant is shown in Plate IT, fig. 1. 
The appearance of the plant in the spring of 1911 was so striking 

that it was pruned back but very little, simply enough to shape it up. 
Several of both spiny and spineless joints were planted, but owing to 
the condition of the ground when the planting was done all made a 
very poor growth. Howeyer, the small amount of growth that was 
made came true to the characters of the individual cuttings planted. 
In the spring of 1912 the previous season’s growth was again spiny 
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on one side of the plant and spineless on the other, the contrast pro- 
ducing a very striking appearance. 

This habit of reversion or bud variation, whichever it may be con- 
sidered, is a very important characteristic, and, while more striking 
in the above variety than any other which has been cultivated in 
these investigations, appears to be not at all uncommon. A plant of 
another spineless variety on hand now bears promise to be just as 

conspicuous a few years hence as this one. It started to vary in the 
same direction last year. 

All this relates, however, to the development of characters economi- 
cally undesirable. It is well known that lack of spines is also a char- 
ucter which can be maintained by vegetative propagation, but being 
usually of slight variation is not as striking as the case mentioned of 
variation in an opposite direction. This phenomenon is an import- 
ant one, for it furnishes a possible suggestion regarding the origin of 
the spineless varieties. 

Both of these variations appear to the writer to point to the origin 
of the spineless species of the so-called ficus-indica group from the 
spiny ones, the spineless forms being the result of a long series of 
selection, both upon this continent and in the Mediterranean region, 
subsequent to their introduction there. The striking variation of 
certain spineless forms to a spiny condition is looked upon as a re- 
version to an original type. 

In both of the striking examples of reversion referred to, the 
development of spines is associated with a bilateralism in the joint. 
In both cases one or two pulvini on one side of a spineless joint 
developed several large spines. A new joint on the same side and 
from a neighboring pulvinus was totally spiny. While this example 
of reversion and the common cases of variation to a less spiny condi- 
tion in this group are marked and can be reproduced vegetatively, 

many species handled during the past six or seven years, consid- 
ered to be very promising agriculturally if their spines were elimi- 
nated, have. not proved sufficiently variable in spine characters to 
warrant any great promise in handling them. Doubtless the best 
species for southern Texas conditions is Opuntia lindheimeri and 
related and associated species, but O. lindheimeri is not a variable 
species. In all the seedlings grown and the vegetative propagations 

made in the past several years no individual plants have been seen 
which showed any tendency toward spinelessness. On the other 
hand, there are other species (Pls. IJ, fig. 2, and III, fig. 1) in 
southern Texas which are variable, and some forms of them are 

nearly, if not quite, spineless, although they always have spicules 
to a greater or less degree. All of these native variable varieties 
known to us are rather slow of growth as compared with the more 
spiny species. Being hardy to 10° F., or possibly, in rare cases, to 
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Fia. 1.—AN OpunrTIA (S. P. I. No. 14807) WHICH IS SPINY ON ONE SIDE AND SPINELESS 

ON THE OTHER. COMPARE PLATE I. 

FiG. 2.—A PRACTICALLY SPINELESS SPECIES OF OPUNTIA (O. SUBARMATA), NATIVE OF 

THE DEVILS RIVER REGION OF TEXAS, AS GROWN AT SAN ANTONIO. 

SPINY AND ALMOST SPINELESS SPECIES OF OPUNTIA. 
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zero temperatures, they are more promising for breeding purposes 
than O. lindheimers itself. 

On the coast of California from Santa Barbara south and extend- 
ing into Lower California occurs a species which has usually passed 
for Opuntia occidentalis. It differs very decidedly, however, from 

this species in many particulars. Its joints are oval to lenticular and 
pointed at either end. It is, in general, a very spiny species, but 
frequently spineless or nearly spineless joints are produced. Mrs. 
Brandegee has called attention to this condition in a general way 
on one or two occasions. The attention of the writer was first called 
to it also at San Diego, Cal., a number of years ago, in a plant which 

was studied on two different visits two years apart. From this plant 
spineless joints were set at San Antonio, Tex., but the species proved 
to be not perfectly hardy out of doors. The plants, however, are 
seldom killed outright. Some selections have been made from this 
original collection made in 1905. On three occasions spineless cut- 
tings have been selected and set in the open ground. Spineless cut- 
lings have also been taken from the progeny of the same cuttings 
and set under winter protection at San Antonio and in the open 
ground at Brownsville, Tex. They have also been established 
recently from the latter situation at Chico, Cal. 

Invariably in all of these experiments spiny joints have grown 
from the spineless ones, but frequently a spineless joint is produced 
and in about the same proportion as in the original plant. The 
selections made appear to have no effect upon this character. 

The character and the degree of spinelessness are peculiarly inter- 
esting in this species. The common areoles, or cushions of spines 
(fig. 1, p. 2), are of good size, measuring one-fourth of an inch in di- 
ameter, and have spines averaging one-half to 1 inch in length and 
from three to five in number. They are stout and formidable. In 
the spineless joints the areole is very much contracted and a little 
sunken, a condition which is easily recognizable in the young state 
when the joint is only half grown. Asa matter of fact, completely 

spineless joints are somewhat rare. They are sometimes found, 
however, but more commonly there are one to a few areoles toward 
the end of the joint which have the normal number of spines and 
spicules, while the remainder may be nearly or quite free of both. 
At other times an equatorial section or an upper or lower half may 
be spineless or have spines decidedly reduced, while the remainder 
is normally spiny. 

At San Antonio, Tex., the species grows very rapidly, usually mak- 
ing branches three joints in length from cuttings set in the spring. 

Usually there will be produced one cutting to a limb entirely or par- 
tially spineless. It is therefore possible to make selection from vege- 
tative parts each season, At Brownsville the species does not grow 
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so readily, probably on account of rather poor drainage where it was 
planted, but there is no apparent difference in the spineless areas 
produced. This is a rare and peculiar instance of spinelessness which 
has not, as in other cases, yielded to the process of selection. 

On the central highland of Mexico there occurs a cylindrical-jointed 
low form known to the botanist as Opuntia tunicata. This interest- 
ing species 1s of no economic importance except that it is a nuisance 
wherever it grows, breaking off reproductive joints almost without 
provocation and thereby rapidly spreading wherever stock is pas- 
tured. This species, imported by the writer from the region of San 
Luis Potosi (Pl. IV, fig. 1), and another specimen furnished by Mr. 

Alwin Berger from the collection of Sir Thomas Hanbury at La 
Mortola, Italy, have behaved in the same way. The La Mortola 
specimen has been under observation longer, however. It was 
received in May, 1908, and planted at San Antonio and Browns- 
ville, Tex. 

The plant at Brownsville has been under observation for prac- 
tically five growing seasons. It was established from a very long 
cutting, fully a foot in length and characteristically spiny. This 
grew readily, but instead of giving rise to other joints of its kind, 

a very large number of small, subglobular, short, delicately spined 
joints were produced. (PI. IV, fig. 2.) These were almost and 

often quite without sheaths on their spines. They broke off very 
readily, and nearly all took root in the well-cultivated ground, soon 
establishing a patch a foot or more in diameter. The original cutting, 
however, retained many of these small joints, which have become 
firmly established, growing to a total height of not over 4 inches 
in five years. Throughout the first four growing seasons no growth 
excepting these subglobose joints was made. None of the spines 
which give character to the plant were in evidence at all. During the 

fifth year, however, the joints have become a little larger, extend- 
ing to 2 or 3 inches in length and developing a few much longer 
spines with silvery white sheaths at their distal ends. These spines 
are by no means as long as normal for the species but are still quite 
characteristic. 

In the spring of 1912 some of these small subglobose joints were 
transferred to Chico, Cal., and have maintained the dwarfed condi- 

tion the first summer. 

This character of growth is not particularly remarkable, except 
for the long period of five years before the plant begins to assume 
its adult form. In its natural habitat the reproductive joints are 
common to both this and other related species, but the normal condi- 
tion of the plant is assumed in a much shorter space of time. 

Such behavior is particularly important, in that it leads to an 

uncertainty regarding the identity of different forms and has in 
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Fia. 1.—A NEARLY SPINELESS SPECIES OF OPUNTIA (O. CACANAPA), NATIVE OF THE 
LAREDO REGION OF TEXAS, AS GROWN AT SAN ANTONIO. 

Fig. 2.—AN ARIZONA DESERT SPECIES OF OPUNTIA (O. DISCATA) UNDER CULTIVATION 

AT SAN ANTONIO, SHOWING ITS CHANGED HABIT UNDER CHANGED CONDITIONS. 

The large size of the joints and the reclining nature of the main limbs are conspicuous modifi- 
cations due to changed conditions. 

OPUNTIA CACANAPA AND OPUNTIA DISCATA. 
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Fic. 2.—A 5-YEAR-OLD PLANT UNDER CULTIVATION AT BROWNSVILLE, TEX., LACKING 

THE CHARACTERISTIC SPINES SO CONSPICUOUS IN FIGURE 1. 

OPUNTIA TUNICATA. 
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the past, it is believed, even led to the establishment of botanical 
species upon such rudimentary conditions. 

ADAPTABILITY TO CONDITIONS. 

In a general way only can one classify these species with reference 
to their adaptability to varying conditions, and the subject can only 
be treated very briefly here. It would be necessary to list 300 or 
400 species and tabulate the results obtained with them in our trials 
before anything comprehensive could be deduced. This will be pos- 
sible later, but a few observations of a general nature are desirable 
here. . 

The Arizona and New Mexico species in general make a fairly 
normal growth at Chico, Cal., in spite of much greater fertility and 
heavy winter precipitation. The color is a little modified in plant 
body and spines, probably due to the long, dry summer. The growth 
otherwise is quite normal. 

At San Antonio, Tex., these desert species put on a greatly in- 
creased vegetative growth and produce fruit in moderate quantity. 
Many species* have joints very much increased in size, comparable 
with the “robusta” group at Brownsville, described below. . The 
joints of these species are often fully twice as large at San Antonio 
under cultivation as they are normally in their natural homes, and 
many of them become less erect in habit. (PI. III, fig. 2.) Of course, 
we are discussing plants under cultivated conditions. This doubtless 
accounts for some of the difference, but it is certain that the added 

fertility and moisture influence much more. Under the still greater 
humidity and fertility of the Brownsville region it is scarcely pos- 
sible to grow these plants at all. They may start to grow, but 
become exceedingly turgid, break down, and rot. Even the cylin- 
drical forms * which grow so rampant at San Antonio make usually 
only a slow, weak development, while the closely related species * 
which also grow normally under hard conditions do very well. How- 
ever, much depends on the season, it being much more difficult to 
handle the desert forms at Brownsville in wet than in dry years. 
A matter which has surprised the writer not a little is the be- 

havior of the species of the Laredo (Tex.) district. This region is 
not far removed from either San Antonio or Brownsville, it is true, 
but the conditions are very different. The rainfall is less and even 
more uncertain, and the fertility of the soil in the particular locali- 
ties from which the plants were secured is much less than at either 
San Antonio or Brownsville. In spite of this, many species‘ of 

*Opuntia discata, O. canada, O. toumeyi, and others. 

* Opuntia versicolor and O. spinosior. 

* Opuntia imbricata, O. prolifera, O. cardenche, and O. pallida. 

* Opuntia cacanapa, O. tricolor, forms of O. leptocaulis, and O. vexans. 



8 BULLETIN 31, U. S. DEPARTMENT OF AGRICULTURE, 

this region make a very rapid development when transferred to 
either San Antonio or Brownsville, Tex., and do equally well, but 
are not so rapid in growth, at Chico, Cal. They make even better 
vegetative growth at Brownsville than at either of the other places. 

Another region which has furnished species for the investigations 
of the Bureau of Plant Industry produced equally surprising re- 
sults. Asa general thing species from the immediate coast of Cali- 
fornia have not proved hardy at San Antonio, but grow very well 
when they get slight winter protection. The inland species of Cali- 
fornia, on the contrary, from the Pomona, Redlands, and Banning 
regions, are hardy at San Antonio and grow very rapidly, producing 
much larger joints and a generally more vigorous growth. The west- 
ern species (Opuntia occidentalis) is especially worthy of mention 
in this connection. These inland species do very poorly at Browns- 
ville. They live, but the moisture supply is too great and they, in 
common parlance, “ get too fat” and finally break down of their own 
weight. The large “mansa” forms so extensively grown in both 
wild and cultivated conditions upon the central highland of Mexico 
are generally hardy at two of the stations, Chico and Brownsville, 
but are not hardy at San Antonio. At both Chico and Brownsville, 
however, many of them are injured in severe seasons. AIl species 
of Opuntia from the central highland of Mexico as far south as to 
include the Federal District, are perfectly or nearly hardy at these 
two stations. Although many species from much farther south 
thrive well, they are usually not hardy, while species from as far south 
as the region of Torreon are hardy at San Antonio. Several species * 
from the southern part of the’ State of Puebla and even far into 
Oaxaca appear to be hardy at Chico, but the test with them has not 
been of very long duration. The most tender varieties are those of 
the Guadalajara and Guerrero region and the genus Nopalea in 
general, none of which are able to thrive without winter protection 
at any of the stations. They, however, thrive without heat under 

glass shelters at Chico. 
The northern, low, hardy forms do not thrive at any of the sta- 

tions and less so in winter than in summer, strange as it may seem. 

They act in much the same way as the species from the drier regions. 
They seem to become gorged with water and start to rot at the least 

provocation. On the other hand, when kept dry during the winter 
rainy season, they do very well at Chico. At San Antonio and 
Brownsville they have failed to grow. 

In general, it can be said that southern Texas is adapted to the 
vegetative development of these plants, while the Chico region of 
C alifornia is adapted especially to the development Oi art. t 1s 

* Opuntia pilifera and O. hyptiacantha. 
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a very noticeable feature of our work that even species native to 
southern Texas make a smaller vegetative and a larger fruit produc- 
tion when transferred to Chico; indeed, some species are decidedly 
unsatisfactory in vegetative growth at the latter place. Some forms 
from the Santa Rita Mountains of Arizona make less growth at Chico 
than they do upon the deserts. During the past year plants of two 
of them? made no vegetative growth, but they produced an exceed- 
ingly heavy crop of fruit. 

EXCESSIVE DEVELOPMENT OF SPICULES. 

Just how environment acts to produce changes in plants or plant 
structure is not possible to say. In the case of species of Opuntia, as 
in those of other plants, all that can be done is to report the facts, 
with little hope of explaining them. Attention has been called in 
another place to the increased spine growth in keeping with gener- 
ally increased vigor under cultivation. On the contrary, a dwarfing 
of the plants by external unfavorable conditions often, but not always, 
produces an increased development of spicules. Possibly the most 
striking concrete example which has been studied is in the so-called 
Indian-fig group of spineless forms. Practically all of these species, 
when grown in close proximity to the coast in California, produce 
more spicules than when grown in the more favorable atmosphere 

of the interior valleys. Such hard conditions as those in the vicinity 
of Indio, Cal., even when the plants are well irrigated, tend also to 
decidedly increase the spicular growth. 
On the other hand, 20 miles from the Gulf coast at Brownsville 

this group thrives well with no apparent increase in the production 
of its armature. But such species as Opuntia gorda are not at all 
adapted and the spicules become much more prominent at Browns- 
ville. 

In short, excessive development of spicules appears to be a direct 
reaction from conditions unfavorable to vegetative growth. Such con- 
ditions may be one or more of many. ‘The dwarfing influence of the 
Seacoast 1s one; excessive heat, drought, alkalinity in the soils, and 
possibly high winds may also be contributing factors. It is a matter 
of common observation that in the same species plants stunted by 
being robbed of their food and moisture by weeds and lack of tilth 
bear proportionately more spicules than others in close proximity but 
under more favorable conditions. This has been especially noticed 
in low-growing species.? 

* Opuntia gilvesceus and O. rufida. 

* Opuntia leptocarpa and O. vulgaris. 
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LOCALITY VARIATIONS. 

A careful comparison of a large number of species in the different 
localities in which the experiments of the Bureau of Plant Industry 
have been conducted would be exceedingly interesting and instruc- 
tive. However, only the sahent features can be touched upon here. 
One or two striking cases of behavior are detailed and an attempt 
made to state the generalities of groups rather than the behavior of 
individuals. But it must be remembered that groupings in such 
genera as Opuntia must revolve about certain species more or less 
closely related until a more definite, logical classification has been 
adopted. 

The three main localities in which these species of Opuntia have 
been grown during the past six years differ very widely in their 
meteorological and soil conditions. The behavior of these plants, 
which as a group are adapted to live and thrive for long periods 
without rain, has im many cases been very striking. The plants be- 
have in certain roughly defined groups, not always but sometimes in 
groups of such natural affinities as would be considered by the bota- 
nist, but more often in what might be called geographical groups. 
These are in some instances more or less natural as well. 

At Chico, Cal., the “tapona” group? of Mexican highland species 
under cultivation behave vegetatively in quite a normal way, al- 
though one species, as discussed elsewhere, is very abnormal in its 
fruiting habits. Here the seasonal rainfall is propitious although 
reversed, the moisture occurring in the winter instead of in the sum- 
mer growing season. On the whole, however, the conditions are 
quite comparable when the element of cultivation is introduced to 
prolong the season of available moisture into the otherwise longer 
dry summer. The plants are more tender, owing to the super- 
abundance of winter moisture when they normally should be dry 
and. to the rather low temperatures of the region. The plants, how- 
ever, are no more gorged with water in the spring at Chico than 
they often are in the summer in their natural heath. This applies 
to other groups as well. In point of size and color they do not differ 
materially from their original form except that under the stimulus 
of clean cultivation they grow more rapidly. 

At Brownsville, Tex., this group is perfectly hardy, very poor in 
fruit production, and abnormally large of joint. It is common for 
some of the spiny forms to have joints 18 inches to 2 feet in diameter 
at 2 years of age. The number of joints produced is no more than 

oes 
ot 

normal. Among the spineless members of the group the joints . 
produced at Brownsville, of course, are smaller, but much larger than 
is normal for the same varieties in Mexico. The thickness of the 

‘Opuntia robusta and its allies. 
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joints is another striking feature of the conditions at Brownsville. 
While the tissues are no more turgid here at any time than they are 
commonly at home, still under our conditions of heavy humidity 
and cultivation they are almost always turgid to their maximum 
capacity. This condition presupposes uncertainty of development, 
lability to break down on account of excessive weight, predisposi- 
tion to rot, and consequent easy access to bacteria and fungi ren- 

dered conspicuous by exudations of large quantities of mucilage, 
~ which accumulates in large, warty excrescences. In no case at 
_ Brownsville have any fruits been produced by this group of plants, 

and flowers in but one case, and then very sparingly. At San An- 
tonio, Tex., no member of this group will withstand the cold for any 
length of time. A few plants which have been protected behave 
much as they do at Brownsville, except that the joints do not reach 
such size. 

The remarks made regarding the above group at Brownsville are 
' generally true of a large proportion of 300 or 400 numbers of the 

flat-jointed forms grown here. The spineless species of the so-called 
ficus-indica group, 20 or more varieties having been grown, are very 
heavy in their vegetative reproduction; the joints become exceedingly 
large, the tissues gorged with water, and the branches too heavy to 
bear their own weight in many varieties, consequently becoming more 
easily broken than when normal and difficult to cultivate. 

In some instances the heavy water content of the soil has rendered 
it difficult to start the plants. In June, 1911, some 400 miscella- 
neous varieties were reestablished in a new planting on high resaca- 

bank silt loam soil, The cuttings were set various ways, both shal- 
low and deep, but all by hand. The spineless group and introduced 

forms generally rotted very badly and continued to rot for a year 
afterwards. The seasons, however, were very wet, and comparatively 

heavy rainfalls occurred throughout the period. The land had been 
thoroughly cultivated since the early winter of 1910 to kill Bermuda 
grass and consequently held its moisture well. The soil, of course, 
was naturally very fertile and had been in grass for years, formerly 

being a portion of the old parade ground at Fort Brown. In this 
instance it is believed that the ill effect was due primarily to the 
excessive humidity of the season, for in previous years of lighter 
rainfall no difficulties of this kind had been encountered, and even 
in the driest years plants in this situation have not suffered from lack 

_ of water. 
Under the Chico conditions vegetative growth is much less rapid, 

the plants grow more upright, and are in the aggregate less turgid 

and less likely to break down of their own weight, except in winter, 
from the effect of cold weather, when, as is often the case, the poorly 

supported limbs are very likely to break off. 
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At San Antonio the group is not hardy, but a few protected plants 
are about midway in their behavior between those at Chico and at 
Brownsville. A couple of plants 5 years of age are 11 feet high, 
with no sign of blossoming yet. The vegetative growth here is 
heavy during the summer, but always interrupted by the severe 

cold of winter. the plants usually being killed outright, but some- 
times only to the ground. 

The effect of excessive moisture on a few species is very striking. 
It is a common experience to find fruits ruptured by excessive tur- 
gidity at maturity, and at times stems are found in the same condi- 

tion. Under excessive moisture, or an abundance of the same, joints 
are always turgid. In rare instances where excessive pruning has 
been practiced the vascular system of the joints is actually so modi- 
fied as to change it from the normally flat form into a lenticular 
outline, the same becoming twice its normal thickness and the tissues 
tremendously distended. Such a phenomenon has been observed 
under the conditions mentioned in Opuntia pachona, O. decumbens, 
and an unnamed species from Aguascalientes, Mexico, grown at 
Brownsville. This phenomenon, however, is rare, and probably is 

a forerunner of a pathological condition. 
One group of cylindrical-jointed species’ are fragile jointed natu- 

rally, and all produce some small few-spined joints in their natural 
state, but this character is very much accentuated under the Browns- 
ville conditions. In spite of the favorable conditions and the rapid- 
ity of growth, it takes them longer to reach the normal adult form 
here than in their natural habitat. None of these species, however, 
grow perfectly at any of our stations. 

EFFECT OF HOUSING. 

Succinctly stated, the housing of these plants under glass. with 
either little or no heat or with a temperature kept at a point not 
lower than 40° F. by the use of artificial heat, tends to stimulate vege- 
tative growth at the expense of fruit production. This, of course, in 
a general way would be expected. 

In order to fruit out a number of Mexican species of doubtful frost 
resistance two years ago, duplicate plantings were made at Chico 
under glass and in the regular field plantation. Fortunately none of 
these species, of which there were nearly 100, failed to live through 
the winter of 1911-12 on account of cold. They were all seedlings set 
in the spring of 1911 from the nursery row, being then one and one- 
half years from seed. The third year about 20 of this lot fruited to 
some.extent in the field. The plants in the house made at least three 
times the growth, but none of them fruited. The difference is very 

‘Opuntia tunicata, O. pallida, O. fulgida, and O. manvillata. 
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striking between the two sets. Of course, those in the house are a 

little drawn below, but are more normal after they reach a height of 
2 to 3 feet, being then above the influence of the solid sides of the 
greenhouse. 

It is common for the various forms to make fruit to a greater or 
less degree the third year from cuttings. From seed, the fruit is less 
abundantly, when at all, produced at this age. This is true of the 
spineless group and the vast majority of the large spiny species of the 
Mexican highlands, as well as the common forms of southern Texas, 
when grown at either San Antonio or Chico. However, only plants 
of the last of these categories grow at San Antonio without protection. 
For the past five vears, however, we have had 100 or more tender 
species of miscellaneous origin at San Antonio under partial protec- 
tion, simply enough to carry them through the winter without freez- 
ing. They are planted under a framework over which canvas is 
stretched whenever the predictions point to subfreezing weather. 
Kerosene stoves are used to keep the temperature above the freez- 
ing point. Under this slight protection it is remarkable how few 
varieties have fruited. Of species from the highland of Mexico 
which have fruited the third and fourth year from seed at Chico, 
none whatever have produced fruit the sixth year here. Some 
species + fruited very sparingly, but not until the fourth year. 

Plants of a spineless species? and one of the other large spineless 
forms, after having been transferred from the field to the house as 
plants 3 feet high and 2 years or more of age, have produced only three 
blossoms after five years in the house, although they have grown to a 
height of 10 or 12 feet. On the other hand, all but one of the peires- 
kias fruit abundantly under the same conditions. Attention should 
be called to the fact that at San Antonio the housing means little 
more than keeping up the temperature, for the house is simply a 
skeleton frame over which canvas is drawn for a very short period 
during the norther. It is then removed, the solid board sides, 4 feet 
high, remaining during the dormant season, and the whole thrown 
open during the summer from March to November. 

LONGEVITY. 

In the propagation of species of Opuntia it has been customary 

for the horticulturist and propagator to recommend amputation 
rather freely. The establishment of a new plant from a cutting of 
an older one is the recommended and usual practice in propagating 
the plants, and when once established it is universally recognized that 
it is only a question of time until a resetting will be required on 

* Opuntia dillenii, O. monacantha, O. schumannii, O. puberula, and O. delaetinia. 

* Opuntia fusicaiulis. 
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account of the deterioration and unsightly condition which comes on 
after a few years. However, this condition is not found in all of the 
species, but it does obtain in the low, prostrate, and bushy forms 
with which growers have had the most experience. A very large 
proportion of the species are trees and grow indefinitely as such. 
The low forms, on the other hand, have a tendency to die out in the 

center and have to be reestablished by terminal cuttings; or, as is 
usual in nature with many species, the main limbs resting on the 

ground strike root and continue to extend the plant in all directions. 
This is especially true of the small and northern forms and implies 
that the plants deteriorate in such a way as to become unsightly, if, 
indeed, they are not often threatened with a worse fate in a few 
years by dying outright. This is exactly what takes place with many 
of the small species which are grown in conservatories. The older 
portions of the plants die and the younger portions, radiating out- 
ward from the old center, establish themselves by striking root and 
become really independent plants but very unsightly. 

In some species, most notably that known to the botanist as Opuntia 
parryi and its allies from the California-Nevada Desert, wherein the 
joints are club shaped and bent into a semicircle, the connection with 
the old parent plant is not broken, at least not for a long time. The 
center dies to all appearance, like the other low species, but in fact 
only the upper portion of the joint dies and the lower portion, form- 

ing a hard, woody cord, continues to live indefinitely and connects 

the successive joints of the radiating arms. This gives the plant a 
still more ragged appearance. ; 

Conditions apparently affect the age of certain species at least, 
and at times those which grow naturally for a great number of years 
in their natural habitat behave very differently when placed in a 
different locality and under different conditions. Opuntia spinosior, 
for instance, from the deserts of Arizona, is not considered a par- 
ticularly short-lived species. It is very slow of growth and cer- 
tainly an estimate of 15 to 20 years would be modest for its lease of 
life. It grows rather freely from cuttings at San Antonio and is 
exceedingly rapid in its development, commonly attaining a height 
of 4 feet in two years, blossoming sparingly the second year 
and very profusely the third, but the plants are almost invariably 
dead by the end of the fourth season, although they may reestablish 
themselves from self-made cuttings. This phenomenon is a very 
peculiar one but appears very regularly and has now happened with 
six distinct plantings. The outer tissues turn brown and this finally 
extends over the entire plant, beginning at the ground. This be- 
havior is universal with this species in this situation and is confined 
to it, no other species apparently being affected in exactly the same 
way. Our plants have been secured from Arizona, from La Mortola, 
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Italy, and from Berlin, and all have behaved in the same way. At 
Brownsville the species has not been planted until lately, but at 
Chico there are plants from the same sources which are 6 years old 
that show no signs of deterioration at present and have always been 
healthy. 

Several of the: small-jointed, low, prostrate species behave in the 
same way at San Antonio, and are comparatively short lived. They 
are universally attacked by a fungus, which may account, at least in 
part, for the rapid deterioration. Opuntia allairei, especially when 
placed under cultivation at San Antonio, grows with great rapidity. 
Cuttings set in the spring blossom from the current year’s growth in 
the fall. The second year the growth is very vigorous also, but the 
third year it is not as prolific, and the fourth season the plant is in- 
variably in bad shape, but usually reestablishes itself freely from de- 
tached and terminal cuttings which have been formed by the death 
of the older proximal growth. O. allairei is not killed outright like 
O. spinosior, but its condition becomes very poor and the root may 
die. There is always more or less fungous injury associated with 
this phenomenon, but it does not seem possible that it is accountable 
for all such damage. A number of other species become weakened 
also after the third year, due more evidently to the attacks of fungi. 
O. macrorhiza, O. xanthoglochia, O. leptocarpa, and O. fuscoatra 
are in especially poor condition after the third year at San Antonio. 
Only the last named has been grown at Brownsville for four years, 
but it has not suffered at all yet, though its growth is much less 
rapid. At Chico none of them appear to suffer in this manner, but 
they grow much less rapidly than in either of the other situations. 

At Chico there are no signs of breaking down in any of the 
plants. At San Antonio, besides those noted above, there are a 
number of other species? which have many joints dropping off in 
the center, indicating a breaking down of the plant, which will prob- 
ably progress very rapidly during the next two years. Unfortu-. 

nately, the varieties grown at Brownsville and their handling have 
not been such as to give positive information along this line. 

At San Antonio Opuntia neoarbuscula has a behavior much like 

O. spinosior, but not so pronounced. It grows very rapidly when 
once established and may at times even blossom the first year from 
cuttings. It invariably is very vigorous and healthy for two years, 
shows signs of deterioration the third, and by the fourth year is in 
bad shape. It continues to live at least six or seven years, but its 
condition is very poor, usually about three-fourths of the branches 
being dead, the old trunk dry and scaly, and the inner tissues 
largely unhealthy. Cuttings can always be established, even from 

Opuntia texana and O. gilvoalba. 
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these partly diseased branches, which will grow vigorously for 
about two years, then deteriorate, as stated above, repeating the 
history of the parent plant. From all appearances this species 
is in nature long lived. No one knows just how old the plants be- 
come, but certainly they do not die from age in nature in less than 
15 years, and in no case have phenomena been observed similar to 
those which occur in the ones under cultivation. 

Just what these phenomena mean or why they occur in the par- 
ticular way in which they do is a matter well worthy of investi- 
gation. Although not occurring at present in any of the strictly 
economic species, the behavior is still an important one to study, 
for if it be a communicable disease it immediately becomes very 
important. The evidence, however, seems to be rather against 
this view for several reasons. In the first place, the phenomena 
have not yet been observed except at San Antonio, and in the sec- 
ond place cuttings from the nearly dead plants reestablish them- 
selves readily and grow vigorously for two years, even when set in 
the identical spot in which the parent plant stood. Diseases are 
common upon species of Opuntia in this locality, but if this be a 
disease it behaves very differently from any of the others. It seems 
to be always present on one species, from whatever source obtained, 
and does not appear to do any injury in any other locality. 

EFFECT OF LOW TEMPERATURES. 

A discussion of low temperatures has necessarily occurred under 
other topics; consequently, only a partial analysis of it will be made 

here. In previous publications of this Bureau it has been stated 
that a temperature of 20° F. was about the minimum that the conven- 
tional spineless species of the so-called Indian-fig group could 
withstand. This is a general statement of the case. No one can 
set a definite temperature at which they will be injured, any more 
than one can for other plants. So much depends upon conditions 
of temperature before and after the freeze that an exact statement 
is not possible. The various species of the genus are killed with 
cold at varying temperatures between the freezing point and 40° 
below zero for the small, extreme northern forms. Many tropical 
species, more especially these belonging to the genus Nopalea, will 

be killed at much higher temperatures than 20° F. Even these seem 
able to withstand lower temperatures when they are dry than when 
gorged with water or when the ground is wet. 

The first visible effect of low temperatures on the plants is a 
drooping condition. The tissues weaken at the articulation espe- 
cially and become flaccid and partially disorganized. When poorly 

supported there is a break, usually at the articulation in the flat- 
jointed species, and the heavy limbs drop off. The power of recovery 
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Fic. 1.—THE CARDENCHE SHOWN IN FIGURE 2 (LEFT-HAND PLANT) IN FEBRUARY 

IMMEDIATELY AFTER A FREEZE. 

Fic. 2.—THE SAME PLANT (ON EXTREME LEFT) IN LATE APRIL, SHOWING NEARLY 

COMPLETE RECOVERY FROM THE EFFECTS OF THE FREEZE. 

EFFECT OF FROST ON CARDENCHE (OPUNTIA IMBRICATA). 
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after a low temperature is remarkable in many species. Limbs 
which have become discolored and droop through an angle of 90° 
or more will often recover and regain their normal position. This 
has been strikingly illustrated in several instances in connection with 
spineless forms. In one case, where a loss of at least 50 per cent was 
estimated from a heavy freeze at Chico, the result was an actual loss 
of not over 2 per cent. Under no consideration should the plants 
be cut, bruised, or handled at such a time, for the results are always 
disastrous on account of the rapid rotting which is thus promoted. 

Plate V and Plate VI, figure 1, give a graphic representation 
of the effect of low temperatures upon “cardenche”? at San An- 
tonio. This is a cylindrical species and consequently more sus- 
ceptible of graphic representation than the flat-jointed forms. 
Plate VIII shows the same plant before and after recovery from 
the effect of a spell of cold weather. It will be noticed that in one 
view the branches hang limp by the side of the stem; in the other 

they have recovered almost to their normal position. In some cases, 
as represented in Plate VI, figure 1, the recovery is not complete and 
the limbs hang down permanently, but are not injured further than 
this. This species grows spontaneously upon the highland of Mexico 
and is at about its limit of hardiness at San Antonio, where the 
photographs for Plate V and Plate VI, figure 1, were taken. In no 
ease has any visible permanent injury been done, resulting in an 
actual loss of portions of the plant during the period of experi- 
mentation, although the condition seen here has been common. The 
condition shown in Plate V, figure 2, was brought about by a tem- 
perature of 18° F. in February, 1905. In the following April the 
plant had recovered, as shown in Plate V, figure 1, left-hand plant. 
The same phenomenon occurs, but in a less conspicuous way, in the 
flat-jointed forms. 

As stated above, the effect of low temperatures is precisely the same 
on the spineless economic species, but they are less strongly con- 
structed at the articulation between joints. The drooping is conse- 
quently more easily brought about, more pronounced, and more likely 
to result in the breaking off of large limbs. At San Antonio the 
spineless forms have gone down in a heap of disorganized tissue from 
which there is no hope of recovery. At Chico, on the contrary, the 
drooping, weakened condition of the nodes has occurred several times, 
but the recovery has been all but complete. 

In the Salt River Valley of Arizona one of the hardest of the 
spineless forms is grown. Here it is a matter of common observation 
that the low temperatures of winter often trim the plants severely 
by the same process as that mentioned above. 

* Opuntia imbricata. 
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COLORATION. 

It is customary in descriptive works to place more or less de- 
pendence upon the color of flowers, and authors usually have described 
the color of the flowers they were dealing with quite faithfully. Un- 
fortunately, little attention has been paid to the changes of color 
which take place in the flowers from hour to hour during the day. 
The descriptions therefore must be looked upon as depicting the 
condition at one particular time only. Flowers of fully one-fourth 
of the species change color decidedly as the day advances. On rare 
occasions the flowers open the second day and then the change is 
still more marked. Some change from light yellow to deep orange 
with a tinge of red, some from light yellow to pink, others from brick 
red to deep purple, etc. On the other hand, many species have vari- 
ously colored flowers in different individuals, each changing or not, 
as the case may be. One of the cane cacti of southern Arizona‘ has 
flowers ranging from greenish yellow through chocolate to bright 
purple, and two others? have almest as great a variation. 

The wealth and variety of green exhibited by these plants are 
scarcely excelled in any other group, and the color of any one plant 
is by no means constant. There is the color of the old, the young, 
and the middle-aged joints, the autumn and spring color, as well as 
the color of health, disease, and protection. The color of the young 
growth is often strikingly beautiful, but similar colors may often 
be produced by cold weather or at times by severe drought, Common 
forms which exhibit this characteristic more especially are some of 
the flat-jointed species.’ 

Species which are normally a bright or blue green color in their 
native habitat upon the highland of Mexico are often more yellow at 
the close of the hot, dry, eioudiese summers of the Sacramento Val- 
ley, while, unless injured by an exceptionally cold winter, they may be 
even more deeply colored in the spring than they are in their native 
heath. On the other hand, the members of the green glaucous group * 
are, if anything, more gray than at home, while at Brownsville, under 

seacoast conditions but still protected from the sea, the color is much 
less striking. 

The conditions at Chico appear to make the gray, blue-green species 
of the highland of Mexico more gray in autumn than they normally 
would be. This is probably due to the long, rainless summers. The 
spring color of vegetative parts is, in nearly all species whose young 
growth is tinted, brighter here than normal, although of the same 

* Opuntia versicolor. 

7 Opuntia spinosior and O. echinocarpa. 

* Opuntia phaeacantha, O. chlorotica santarita, and O. macrocentra. 

* Opuntia robusta, 
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general nature. This is probably accounted for, in most cases at 
least, by the cold nights of April and May. It should be mentioned 
that the season of blossoming is a month earlier at Brownsville than 
at Chico. In general, all species are inclined to be a little more gray 
in the fall and the young growth a little more highly colored in the 
spring at Chico than at either of the other stations. The purplish 
tinge so common in species of the flat-jointed group is as unstable a 
character as it is in other groups of plants, in spite of the fact that in 
some descriptive works it is considered of fixed value. Purplish tints 
may be induced at will in many species. The subjection of the plants 
to low temperatures will often cause them to turn brilliant in color, 
while many assume the same aspect when the root system is injured, 
or from other causes if they suffer from drought. 

PROLIFERATION OF FRUIT. 

There are a number of species in this genus which have under nor- 
mal conditions proliferous fruits, that is, new fruits rise from the old 
ones, which become incorporated as a permanent part of the plant, 
thus making pendent bunches of fruits of greater or less extent. 
Sometimes the fruit remains attached indefinitely but is not prolifer- 
ous, aS in the common white-spined cane cactus of the highland of 
Mexico;* or it may be proliferous and form large pendent bunches, 
as in the cholla of southern Arizona,? Opuntia prolifera of southern 
and Lower California, and the South American species* so exten- 
sively introduced into Australia. One cane cactus of southern Ari- 
zona * is not proliferous fruited in its native heath, but when grown 
under cultivation in a more humid atmosphere in California it is very 
commonly proliferous fruited, and this character is more especially 
brought out in that form of the species from the borderland between 
the typical form and its closest relative, the Colorado—New Mexico 
cane cactus. It is not at all uncommon to find bunches of a dozen 
fruits of this form all attached in some of the California collections. 
The truly desert form does not appear to assume this habit as readily. 
At Chico and San Antonio only the desert forms have been grown, 
and in neither situation have they yet taken on this habit. 

In some instances there appears to be some correlation between 
this proliferation and sterility. The fruit of the southern Cali- 
fornia cholla® is usually. sterile. Sometimes a single seed is pro- 
duced which no one, so far as known, has ever caused to germi- 
nate. The fruits of the Arizona cholla* apparently have normal em- 
bryos and are abundantly produced, but no one has as yet reported 

* Opuntia imbricata. > Opuntia arborescens. 

* Opuntia fulgida and O. mamillata. *Opuntia prolifera. 

* Opuntia monacantha. "Opuntia fulgida. 
* Opuntia spinosior. 
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success in growing them. On the other hand, the short-spined echolla * 
of southern Arizona and the South American flat-jointed species ” 
appear to grow readily. 

The most interesting cases of proliferation are those caused by 
enforced infertility brought on by. interference with the normal 
activities of the plant. Possibly the commonest of these is one 
brought on by the attacks of a small fly * which deposits its eggs in 
the very young flower buds, causing complete sterility of the fruit, 
which becomes strictly vegetative and gives rise commonly to normal, 
belated fruits of small size. These usually drop off the second season, 
but occasionally they become incorporated as a permanent part of the 
plant. A similar condition has been observed in the so-called Opuntia 
puberula of European botanists by the attacks of the black opuntia 
louse. This insect congregates on the tips of the young flower buds 
and not only prevents them from opening but renders them com- 
pletely sterile and proliferous (Pl. VII, fig. 1), a second crop of 
normal, fertile blossoms being induced to grow out of the ones ren- 
dered infertile by the lice, unless they, too, should be attacked, when 
they also become sterile. 

Proliferous fruits are of considerable importance upon the stock 
ranges of the Southwest. In the chollas of southern Arizona and 
southern California we have plants altogether too spiny for stock 
to graze, but the abundant bunches of fruits are much smoother, 
furnishing succulent and nutritious morsels which contribute not a 
little to the sustaining capacity of the ranges in times of need. The 
flat-jointed species of South America? would appear to possess the 
same characteristics. The chollas of the highland of Mexico,* al- 
though possessing very smooth fruits which remain attached to the 
plant indefinitely, are too acid for stock to relish. In the United 
States there are about half a dozen species whose fruits appear to 
be incorporated as a permanent part of the plant. In some other 
cases this permanency is brought about by purely artificial condi- 
tions, all of which indicate a closer association between the stem 
and the fruit in this group than is common. Were it possible to 
engraft this character upon some of the spineless species, their value 
for forage purposes would be very much increased. The fact that the 
character occurs in both cylindrical and flat-jointed forms indicates 

that this feat is not at all impossible of accomplishment. 

HABITS OF THE PLANTS. 

Nothing has been more clearly shown in our investigations in 
seed germination of species of Opuntia than the fact that vegeta- 

tively propagated plants are far from normal in general aspect. This 

‘Opuntia mamillata, * Asphondylia opuntiae. 

“Opuntia monacantha. * Opuntia imbricata. 
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Fig. 1.—OPUNTIA PUBERULA, SHOWING PROLIFERATION IN FRUIT CAUSED BY ATTACKS 
OF PLANT LICE. 

Fla. 2.—OPUNTIA LEUCOTRICHA, SHOWING ITS HABIT WHEN GROWN FROM CUTTINGS. 

In the foreground is a small seedling of another species. The large plant only approaches the 
tree form, although it has been trimmed to a considerable extent. 

OPUNTIA PUBERULA AND OPUNTIA LEUCOTRICHA. 
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Fic. 1.—THE FORM OF SEEDLING IN A MEXICAN HIGHLAND SPECIES 

OF PRICKLY PEAR. 

Fic. 2.—THE SPINELESS AND MEXICAN HIGHLAND SPECIES OF PRICKLY PEAR WILTED 

BY LACK OF WATER AT CHICO, CAL. 

SPINELESS AND MEXICAN SPECIES OF OPUNTIA. 



BEHAVIOR OF SPECIES OF CACTI. 21 

applies more especially to the larger species, mainly of Mexican 
origin, but also to a great number of the larger forms of the south- 

western United States. 
When grown from cuttings the average species will produce fruit 

the third year, and the larger forms will continue to increase in 
size, generally forming a bush of more or less hemispherical outline, 
unless pruning is practiced, thereby shaping them artificially into 
trees. When grown from seed, however, all of these larger species, 
both spineless and spiny, are arborescent in habit, producing an erect, 
cylindrical trunk of greater or less dimensions and then expanding 
into a top, like any other tree. This point is beautifully illustrated 
in Plates VI, figure 2, and VII, figure 2, where are shown two plants 
of the Mexican durasnillo,t one grown from a cutting and the other 
from seed. Plate VIII, figure 1, shows another arborescent species 
about 24 years old, from seed. The peculiarities mentioned are 
clearly shown in these illustrations. The point will be still more 
clearly appreciated if one stops to consider what a different form of 
plant would result if the third joint from the ground (PI. VI, fig. 2) 
were to be planted. In that case, if the cutting were inserted to its 
middle in the ground there would result a bush, branching from its 
very base, with the main branches ascending and the resulting plant 
a hemispherical shrub; in other words, an bela tree grown from a 
joint is headed on the “eam 

This is the condition of practically all aiates in cultivation in 
conservatories and gardens, as well as in a great many of those 
growing naturally in their native countries, for even there the re- 
production is largely vegetative, resulting in possibly the majority 
of cases from chance cuttings. 

This has both an economic and a scientific bearing, economic in 
that the habit of the plants is an important consideration when 
these are to be grown under field culture; indeed, one serious objec- 
tion to the plants is that the straggling branches get in the way of 
the tillage implements and are broken off, resulting in loss and ren- 
dering the fields unsightly. The best plant for cultivation is one 
with ascending arms forming a dense, compact head. On the other 

hand, the systematic botanist is leading his audience far astray when, 
as is too often the case, he describes the habit of the vegetatively re- 
produced plant, even though this may be the form commonly seen. 
In many cases it is next to impossible to-day, without growing seed- 
lings, to describe accurately the form which the typical plant has— 
manifestly an impossible undertaking in the vast majority of in- 
stances. This has led to much of the confusion found in the litera- 
ture of these plants and contributes not a little to the difficulty of 

* Opuntia leucotricha. 
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agriculturists, especially in Australia and South Africa, in recog- 
nizing their plants from descriptions and illustrations. 

MOISTURE REQUIREMENTS. 

The adaptability of species to varying conditions of humidity has 
already been partially covered on another page, especially in so far 
as the effect of a large supply is concerned. The important point in 
this connection is the minimum moisture under which the plants will 
thrive. It can not be too positively urged that a minimum require- 
ment is easily reached, or that our deserts are incapable of support- 
ing crops of native pear—much less of the spineless introduced 
varieties. 

At neither Brownsville, San Antonio, nor Chico do well-established 
plants under cultivation ever suffer from drought. At San Antonio, 
on the other hand, common experience teaches that the native species 
become badly withered during prolonged periods of drought. The 
same condition is occasionally seen in the vicinity of Brownsville, 
but less frequently. Under cultivation, however, the supply of mois- 
ture is sufficiently conserved to tide over any drought that ever occurs 
without any wilting of the plants. 

There is a vast difference in the moisture requirements of different 
species. In 1907 a collection of about 100 species was growing at 
Chico. The plants were mostly in their second year’s growth and 
consequently well established. Owing to a misunderstanding the 
plantation was not cultivated or irrigated until the month of August. 

Plate VIII, figure 2, shows the effect in a very graphic manner. In 
the illustration are shown mainly spineless and Mexican highland spe- 
cies, all of which are badly wilted. All of these species thrive without 
the least sign of wilting when well cultivated. Scattered through the 
plantation shown in the figure are a number of Arizona flat and cylin- 
drical jointed species, none of which appear to have suffered in the 
least from lack of attention. The conspicuous plants in the fore- 
ground are from the region of Guadalajara and are in the worst 
condition of any. The next to suffer were the spineless forms, and 
those which suffered the least or which suffered none at all were the 
truly desert species.1_ Since the season of 1907 all of these species, 
together with many others, have been grown under good cultivation. 
None of them have shown any indication of suffering from drought, 
excepting an occasional plant whose root system had received acci- 
dental injury. Even cuttings of the spineless species, if well estab- 
lished in early spring and well cultivated, do not suffer from drought, 
and they are much more likely to grow than the desert species. In- 

* Opuntia discata, O. canada, O. fulgida, O. spinosior, O. rufida, O. laevis, O. 

phaeacantha, O. macrocentra, ete. 

" 



BEHAVIOR OF SPECIES OF CACTI. 23 

_ deed, some of the desert species seem to require more water in starting 
_ from cuttings than do the spineless ones, although when established 
_ they thrive on much less water. This is to be interpreted to mean 

that the desert species root much less readily and consequently are 
more withered before they become established than the spineless ones. 
As the season advances here, there is less and less moisture in the soil, 
giving the forms which root quickly a decided advantage over the 
others. 

SUMMARY. 

(1) Spiny plants grown near the coast of Texas mature their 
spines much more slowly than in drier regions. This makes them 
more difficult to singe. . 

(2) A variation in the number of spines is characteristic of certain 
species. In other species there is practically no variation. 

(3) Many of the hardy species of southern Texas are not promis- 
ing for breeding by selection, because of a lack of variation. They 
are very constantly spiny, and spine production is directly propor- 
tional to general plant vigor. 

(4) The indications, so far as they exist, are that the spineless 
species have been derived from spiny forms. 

(5) Conditions of growth may decidedly modify the spination 

and especially delay maturity of some species. 
(6) In general these plants adapt themselves well to changed con- 

ditions. The spineless forms, many of the Mexican highland species, 
and the genus Nopalea in general thrive well with an abundant 
moisture supply, but the species from the drier regions are difficult 
to grow where the supply is constant and are much more difficult 

to establish under any condition. 
(7) All forms thrive best when the moisture supply is low during 

the dormant season. 
(8) Wherever tried, some species or form native to the region has 

proved more productive than introduced forms. 
(9) Environmental conditions appear to have more effect on the 

production of spicules than on the production of spines. In gen- 
eral, factors which are unfavorable to vegetative production appear 
to stimulate the growth of spicules. 

(10) The conditions in southern Texas appear to be decidedly 
favorable for the production of vegetative growth, while those in 
California are better adapted to fruit production in these plants. 

(11) Prolonging the growing season by housing appears to in- 
crease vegetative growth at the expense of fruit production. 

(12) A few species behave peculiarly at San Antonio. Their 
period of life appears to be very much shorter than at either of the 
other localities. 
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(13) Considering the succulence of the plants, their power of 
recovery from the effect of low temperatures is remarkable. Large — 
limbs which hang limp beside the plants will often regain their 
normal position upon the advent of growing weather, provided they 
are not disturbed while the weather is cold. 

(14) Color characterizations both in flowers and plant body are 
very deceptive, changing as the day advances in the former and 
changing with temperature, moisture, health, or disease in the latter. 

(15) Proliferation of fruit is not necessarily a specific character- 
istic but may be brought on by extraneous conditions. If this habit 
could be induced in the economic forms their value for forage would 
be decidedly increased. 

(16) In all of the larger species especially, the plants grown from 
cuttings and those grown from seed present a very different appear- 

ance; the latter are treelike and the former are headed on the ground 
without distinct stems. 

O 
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3 
: INTRODUCTION. 

; Most farm problems present several aspects. There must be a 
proper adjustment of the crops to the soil and environment and the 
proper balance between farm animals, food supply, and physical 
environment. The first two phases have received much well-merited 

Se Oe tee neh ee FN Ee Oe ee 

Fic, 1.—The farmstead of M. J. English, showing the clean condition of the grounds and 

the macadam road in front of the buildings. 

‘attention, but the proper balance between crops and animals and 
the economic adjustment of both these factors to production and 
marketing have been left to work themselves out. It is particularly 

_ because Mr. M. J. English, of Broome County, N. Y., has so suc- 
cessfully solved these important problems of farm management that 

the example of his farming is valuable. The type of farming which 

11192° —183——_1 
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he is carrying on is well illustrated by the conditions about the farm- 
stead, as shown in figure 1. 

The purpose of this bulletin is to emphasize the following facts: 
It is not enough to raise good crops or to secure large animal 
production; these must be economically secured. This is only ac- 

complished when capital and labor are so adjusted to existing con- 
ditions that maximum yields are obtained at the lowest cost. To 
farm successfully every department must be well organized and 
must be coordinated with the others. Labor must be fully employed, 
capital must be well utilized, both quantity and quality of products 
must be secured, and the products must be well marketed. All these 
things come as the result of close attention to and a detailed knowl- 
edge of the business, 

The reason and at the same time the justification for recounting 
the experiences and the methods of any individual farmer, however 
successful he may be, lie in the fact that a definite illustration brings 
out the underlying principles most clearly and effectively. To most 
practical men the concrete appeals more strongly than the abstract. 
Especially is this true in the teaching of better farm management, 
because it 1s a comparatively new method of attacking farm problems 
which is not yet clearly defined. 

The general problems which confront the farmer in southern New 
York and northern Pennsylvania were outlined in an earlier publi- 
cation. In the continued study of these problems, one of the best 
means of getting information which might lead to solutions of cer- 
tain phases of them has been found to be the observation of success- 
ful farms. For two years the work and methods of Mr. English 
have been studied. It is because he had worked out a more profitable 
solution of farm problems in this region than any other man in our 
experience that his success is worthy of telling and of reading. 

HOW THE OWNER BECAME A FARMER. 

Mr. English purchased the farm in 1897. He had no previous 
farm experience to aid him in starting the enterprise. His new 
possession consisted of 162 acres of land, “more or less,” with good 
buildings and all the stock, machinery, and other equipment then on 
the farm. The stock consisted of 3 horses, 50 cows, 12 head of young 
cattle, and a few chickens. The ordinary equipment was left on the 
place, together with some hay, grain, and roughage. About 90 
acres of the farm lie in the broad, level valley, the remainder being 
on a slope too steep for cultivation and on the top of a hill nearly 
500 feet above the valley. About 30 acres of quite level and easily 

1 Burritt, M. C. Agricultural conditions in southern New York. U. 8, Department of 

Agriculture, Bureau of Plant Industry, Circular 64, 19 p., 6 fig., 1910. 
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- tillable land are on the hilltop, but it is difficult of access. For this 
entire property $16,000 was paid—$8,000 in cash and $8,000 as a 
mortgage. The land and buildings were valued at $12,000 and the 
stock and other movable equipment at $4,000. 

The former owner had been in possession of the farm for 67 years. 
Tt had been profitable 30 or 40 years before and had been recognized 
as a farm of considerable fertility. In the years immediately pre- 
ceding its purchase by Mr. English it had not paid expenses, to say 
nothing of the interest on the investment, and the neighborhood gen- 
erally prophesied that the former owner would get the farm back 
on the mortgage in a few years. It was even said that there was a 
deliberate purpose in selling to one who had so little farm experi- 
ence. The following pages will show how far wrong the reckoning 
was. The man and the progressive and businesslike spirit within 
him were not known to the community. 

INFLUENCE OF FARM EDUCATIONAL AGENCIES. 

As can readily be imagined, Mr. English found himself in a rather 
difficult position when he took possession of the farm. He was prac- 
tically without farming experience and had very little working capi- 
tal. He had a rugged constitution, however, and had been brought 

up on hard work, so that he was not afraid of it. To the college and 
the agricultural press, and especially to the personal help and in- 
terest of one college professor, he ascribes all the success he has ever 

made. These forces stirred him to study his business and to use in 
every way possible the agencies at hand which would help him and 
which would aid him in obtaining a better knowledge of the prin- 
ciples of farming. He had observed that rapid progress was being 
made in every line of industry but agriculture, and he took a new 
interest in everything pertaining to better farming. Yet he never 
made the mistake of taking advice wholesale. It was always weighed 
carefully and measured in the light of his own conditions. 

BUILDING UP THE VALLEY FARM. 

When Mr. English took stock of his resources he found that his 
income was practically confined to one source—dairying. Some cows 
were making a good profit; others were causing a daily loss. The 
fertility of the soil was maintained by the use of manure alone and 
this went to produce feed crops for the cattle. Very little hay was 
sold. There was no systematic plan of crop production or rotation 
or definite method of soil improvement. 

Such a system has several faults, the correction of which was early 
recognized as essential to success. Unprofitable cows were destroy- 

_ ing the profit from the better ones. The limitation of the income to 
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practically one source put upon that factor the entire burden of the 
farm expenses. Labor was poorly distributed and was of necessity 
frequently employed on unproductive enterprises in order to hold 
it for the dairy work, and this was unsatisfactory both to employer 
and men. No definite system of crop production was in use to pro- 
vide the right proportion of each crop with the proper distribution 
of labor. The maintenance of fertility was expensive. All these 
things it was determined to remedy. | 

The first step to be taken was the improvement of the dairy. The 
performance of each cow was studied and the. unprofitable ones dis- 
posed of. The next most important step was to increase the sources 
of income by growing such other crops as the labor necessary for the 
dairy could handle without extra expense, or, in other words, to 
diversify the farming. The third, but by no means the least im- 
portant step, was to be the development of a rotation that would 
improve the soil, furnish the maximum feed for the stock, and pro- 
vide a cash crop. These were at once taken up and carried out as 
rapidly as possible. 

IMPROVING THE DAIRY. 

A herd of 50 fairly good cows was purchased with the farm, and 
at the start dairy products were about the only source of income. 
Gradually this has been changed, and at present, even though the 
dairy is an important part of the farm, attention is given to several 
lines. One of the chief purposes of this paper is to depict the meth- 
ods of change and to show that the readjustment and the substitu- 
tion of other lines in place of part of the dairy were justifiable. 
A pure-bred sire was included in the farm purchase. Several 

cows also were pure bred, but the certificates of registration were lost 

at the transfer of the property and the owner has never had’ them 
reentered. 

Tt has been the policy at all times to keep a pure-bred sire of good 
quality in the herd. The heifer calves from the best producing 
cows were grown and tested out for dairy production, the best being 
kept and the others discarded. In this way the quality and produc- 
ing power of the cows have been constantly increased. 

The herd to-day is uniform and able to produce results. Several 
cows have produced 60 pounds or more of milk a day and have main- 
tained this record for continuous periods of from four to six months. 
In addition to the cows which are produced on the farm it is the . 

practice of the owner to buy a few each year. Mr. English buys cows 
just fresh, or those which will become fresh soon, at a nominal 
figure. They are fed in his dairy for production during one year. 
By this time they are in good condition for beef and are sold to a 
butcher for at least as much as their purchase price and in the 
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majority of cases at a considerable increase. Thus, there are two 
profits, the profit secured in milk production and the profit accruing 
from the wise buying and selling of the stock. 

Gradually the herd has been changed into one for winter milk 
production. Several factors seemed to make this advisable: (1) It 

secured a more even and a better distribution of labor; (2) in this 
way the largest quantity of milk is produced at the season of the 
year when it is worth the most money, and (3) better production can 

be secured in the winter than at other times of the year. The hill 
pastures are very poor for summer milk production. They are dis- 
tant from the stable and at the top of a very steep hill. In the words 
of the owner, the cows consume about all the energy they get from 
the field in going to and from it. In the winter the cows can be 
kept quiet, and detailed attention can be given to their needs. 

RESULTS FROM THE DAIRY. 

To demonstrate that the methods followed have given good results, 
_ Table I shows the quantity of milk produced by the herd of 27 

~ cows and sold at the creamery from September 1, 1910, to August 
31,1911. During this year but 17 of the cows became fresh, the rest 
being carried over from a previous freshening period. 

TABLE I.—Production of milk from a herd of 27 cows on the English farm for 
the year ended August 31, 1911. 

| 

: uarts of ;Cents per| Re- : Quarts of] Cents per} Re- Period. Quarts aie ceipts. Period. milk. | quart. | ceipts. 
| 

Bete toils 22252-2525 2, 253 3% | $78.85 || May 1 to 15_....-.-.- 4,893 3 146. 79 
WOwtOISOL =: =.= 2 =. 2,354 34 82.35 IG WO Pe. ssdosne 4, 449 3 133. 47 

Wei Wto lS 2.2... -: 2,675 4 107.00 |} June 1 to 15.--....._- 3, 498 3 104. 94 
3, 032 4 121. 28 IG io) Bs 355255e- 2,755 3 82. 65 
2, 607 4 104. 28 || July 1 to 15 .....__-. 2,142 23 53. 55 
3,376 4 135. 04 16to 31 --------- 2, 060 24 51. 50 
4, 656 4 186. 24 || Aug. 1 to15.......... 2, 153 3 64. 59 
5, 854 4 234. 16 UO Uw0 ail aoeedec 2,127 3 63. 81 
6, 154 A | 246.16 
6, 854 4 274.16 || Sold to two families 
6, 322 4 252. 88 fORDY.Cal ee. 25 ces 1, 460 4 58. 40 
5, 536 4 | 291.44 eens 
6, 232 4 249. 28 Motaleseecsree.- 100, 902 |....------ 3, 695. 09 
6, 235 4 249. 40 
5, 687 31 | 199.04 
5, 538 31 | 193.83 

The average production per cow per year was 3,787 quarts, or 
8,034 pounds of milk, which was sold for $136.85. In addition to 
the milk which has already been mentioned, the dairy supplied the 
home of the owner and the families of two hired men. This prob- 
ably amounted to 6 quarts or more daily, but as it is impossible to 
be accurate the figures are not included. 

The following comparison of this milk production with average - 
conditions emphasizes its development : 
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According to the Twelfth Census, Broome County, N. Y., con- 

tained 31,898 dairy cows 2 years old or over and the census states 
that 15,868,547 gallons of milk were produced in one year. It is 
then evident that the average production per cow in Broome County 
was 497.47 gallons or 1,989 quarts annually. This number (1,989) 
is to be compared with 3,737, the average production of the herd of 
Mr. English for the year, in quarts. This latter number is obtained 
by dividing 100,902, the product sold from the dairy, by 27, the num- 
ber of cows in the herd. This difference in production is very 
striking. The average annual production per cow in the English 
herd is 87.9 per cent greater than the average production of the cows 
in Broome County. Stated another way, 7 cows of Mr. English are 
better than 13 cows found on the average farm in the locality. At 
4 cents a quart the average gross income per cow in Broome County 
is $79.52. At the same price the average gross income per cow in the 
English herd was $149.48. 

The weekly grain ration on this farm during this period (Septem- 
ber 1, 1910, to August 31, 1911) was made up as follows: 

200 pounds of gluten at $25 per ton_______________ SEER ISD 50) 

200 pounds of corn meal at $20.25 per ton_________________ 2. 02 

OKO) joowunolky Cie jordin Aye AR jee WOM 2. 30 

100 pounds of ground barley at $25 per ton____ = 1, 2S 

50 bushels of wet brewers’ grains at 10 cents per bushel_____ 5. 00 

2 sacks of malt sprouts at $1 per sack __-________________ 2. 00 

Mo tale costae ole pee. oes 15. 07 

From December 1 until April 1, a hke quantity of other grains was 
fed each week to the 27 cows. 

The quantity of brewers’ grain and sprouts varied somewhat from 
time to time. When sufficient brewers’ grains could be secured, no 
malt sprouts were used. Mr. Englsh considers malt sprouts very 
effective when used with the wet grains. He mixes the two ma- 
terials thoroughly to make sure that the malt sprouts are well soft- 
ened, thus overcoming a danger which is present when malt sprouts 

are fed without a previous thorough soaking. The prices in 1910 
and 1911 were much lower than in 1912, and at present prices this 
ration could not be made up so cheaply. 

In November and April and the first half of May about one-half 
as much grain is consumed as is used during the winter. At these 
times it is not necessary to buy any sprouts, as enough wet grains 
can be secured. From May 15 to September 1 wet grains alone 
are used. From September 1 to November 1 about one-fourth of 

the winter dry-grain ration is fed in connection, with the wet brewers’ 
grain. 
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_ As explained later in this bulletin this farm produces much excel- 
lent silage and very large quantities of clover hay, which are fed 
in the dairy. Better cows are bred and kept than formerly. They 

receive good care, and a large production of milk is the result. In 
these ways the dairy problem was solved. 

A LESSON IN DIVERSIFICATION. 

When the present owner first took the farm, clover and timothy 
were raised for hay and corn was put into the silo. Barley was 
grown and ground for the cattle and some oats were raised for the 
horses. A little hay was sold under this system. This method of 

_ operation is the common and often the only method in the section, 
except that some farmers attempt to make summer milk on the poor 

pastures. 

Mr. English found that with this method the cows were the limit- 
_ ing factors in the profit. No matter how large the crop or what 

_ it was worth in the market its value was measured entirely by what 
the cow could make out of it. If the price of the milk was low, so 
was the price of the crop. If the cow was a poor one, the price of 
the crop was still lower. Moreover, there was much time on this 
farm when the labor was not fully and profitably employed. The 
distribution of labor was so poor that the men could not be given 
steady employment by the year, and some difficulty was experienced 
in getting satisfactory labor. So this farmer wanted to add to his 
income without cutting down the income from milk, and by this 
means to secure a better distribution of labor. 

Sugar beets were first tried, as a factory was then in operation at 
Binghamton. It was found that an average of from 15 to 20 tons 
of beets could be raised per acre, which brought $5 per ton. An 
average income of at least $75 an acre could thus be obtained, be- 
sides saving as many tops as there were beets sold. These were of 
considerable value as a succulent feed for the cows. It was also the 
custom to return from the sugar factory with as much beet pulp as 
the weight of the beets delivered. This material was an excellent 
supplement in feeding the dairy cows, and cost little to handle. 

These methods permitted the selling of more hay, so that the in- 
come, instead of being principally from milk with a little hay, was 

added to considerably by the sale of beets and more hay. Labor 
was more fully employed and better distributed throughout the 
season, and the additional expense was very slight in proportion to 
the increase in the income. 

The stgar-beet factory was soon closed down, however, and in 
that same year a canning factory was established at Binghamton, 
so that the opportunity to grow sweet corn, beans, and peas for it was 
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at once taken. These brought in a good income and took the place 
of the beets in the system. This was especially true of the sweet 
corn, as the stalks make excellent silage. The canning factory 
lasted two years, after which sweet corn was shipped out of town 
for two years more. 

The next crop tried was potatoes, and it proved to be so good a 
money maker that it is now an annual crop. Irish Cobbler was the 
variety grown, and with good culture 300 to 350 bushels per acre were 
produced annually. As many as 5,000 bushels of potatoes are often 
grown on this farm in one season. 

The growing of these crops led to some direct sales in the city 
and until the last year or two a small but profitable direct market- 
garden business was carried on. Potatoes and apples are still sold 
direct in the city. For a number of years from one-half to 3 acres 
of onions have been grown, but onion thrips have now made this 
unprofitable. 

The large cash sales from these crops as compared with grain and 
hay early taught Mr. English the lesson which so many farmers are 
now learning to their advantage, namely, that it is cheaper to buy 
grain than to raise it when the tand upon which grain is grown will 
vield much more—often double—the cash value of the grain in 
other crops. It is a simple economic proposition to decide which is 
cheapest—home-grown or purchased grains. Mr. English figured 

that he could raise enough sweet corn, potatoes, onions, or other 
similar crops to buy the grain which would have grown upon his 
land and still have a good margin left for profit. 

ROTATIONS. 

At first, when hay was being sold regularly, it was considered 
necessary to purchase large quantities of manure. This was obtained 
in the city at $1 for a 2-horse load. It was used principally on the 
corn land, but was also put on the land used for other cultivated 
crops. About the fourth year it happened that a good clover sod was 
plowed under for corn. The: result astonished Mr. English. He 
had read much about rotations, but it was not until this striking 
example was thrust upon him that the real importance of a rotation 
with clover was fully realized. A short rotation with clover as the 
basis was at once adopted and has been continuously followed. With 
clover in the rotation every third or fourth year, the clover fed to 
stock, and the manure used on the farm, no anxiety is felt about soil 
fertility. No manure has been purchased since 1906. 

Mr. English is an ardent advocate of the use of clover, both as a 
forage plant and as a soil improver. It is the key to success in his 
system of farming. His average crop of clover is about 3 tons per 
acre and several times he has cut 5 tons per acre in two cuttings. 
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Not only does it yield practically as well as alfalfa under his condi- 
tions, but it is regarded as equally valuable as a feed for cattle. 
For such use he insists that the clover must be cut earlier than is the 
custom. He aims to cut it before much bloom appears. Despite 
the lower analysis of clover in digestible protein, his practical ex- 
perience shows that it is as good a milk producer as alfalfa. 

In addition to the grain ration mentioned, the cows on the farm 
receive a good feed of silage and all the clover hay they can consume. 

A FEED-PRODUCING AND SOIL-UPBUILDING ROTATION. 

During the development of this rotation a definite ideal was con- 
stantly kept in mind. Mr. English has always carefully investi- 
gated any promising new crop or method, and if the experience of 
others and a test of it in a small way warranted, he adopted it. The 
definite rotation finally chosen was clover for one or, possibly, two 

years, corn and potatoes following the clover, and then barley. This 
rotation was subject to such modifications as the situation demanded, 
such as repeating the corn or growing two crops of hay when the 

new seeding failed to catch. 
At first hay had been cut several years in succession from the same 

meadow. It was very difficult to get a good stand of clover in oats 
on the rich bottom land, as the oats would lodge and smother out 
the seeding. Because of this trouble another crop in which to seed 
down was sought. 
Hay land was heavily manured and planted to corn, which was 

followed by beets, a heavy application of commercial fertilizer being 
made with these. Beets were sometimes followed again with corn, 
but more often with oats. After it was found that a good stand of 
clover could not be obtained in oats this crop was cut green for hay, 
the ground replowed or disked, as the case might be, and the clover 
sown alone late in August or early in September. By selling timothy 

hay more oats could be purchased than could be raised where the 
timothy grew and a margin was left for profit. 

After some trials Oderbrucker barley, a 6-rowed variety, was used 
to replace the oats, and this has been the regular grain in the rotation 
since 1907. Even this sometimes lodges and kills out the clover, as 
happened in 1910. To reduce the possibility of lodging to a mini- 
mum, the quantity of seed has been decreased from 14 bushels to 3 
pecks per acre. 
Timothy is not grown unless the exigencies of the season demand 

it. In 1912 one of the previous year’s meadows was left down and 
some timothy hay grown for sale, because the clover seeding had 
to be turned under the previous year and the price of timothy hay 
was unusually high ($25 a ton in 1912). 

11192° —_13—_2 
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This facility of adapting his farming to the conditions of the 
season and the markets is one of the things which makes the farming 
of Mr. English so noteworthy. 

In this rotation as now practiced commercial fertilizer is used on 
potatoes only. From 500 to 600 pounds of a fertilizer containing 
4 per cent of nitrogen, 6 per cent of phosphoric acid, and 10 per 
cent of potash is almost always used, being applied with a potato 

planter. Tests have shown that fertilizers with corn were unprofi- 
table under the conditions of this farm, but that manure gave very 
satisfactory results. On all the land to be seeded ta clover, from 400 
to 600 pounds of hydrated lime (this form is used because it is easiest 
to apply, though its first cost is higher than other forms). is applied 
once in three years. In all these applications no fixed rule is invari- 
ably followed, but the needs of the crops and the season are always 
considered. A definite system followed as closely as good judgment | 
will permit is the very best kind of farm management. 

SUMMARY OF THE RESULTS ON THE VALLEY FARM. 

The results of 15 years’ work along these lines has been the develop- 
ment of one of the most successful systems of farm management in the 
whole region. 

Every cow in the dairy is now a profitable one. All the “ boarders ” 
have been dropped. Without materially increasing the expenses of 
the farm, the income has been practically doubled by supplemented 
receipts from the dairy and by cash crops for the city markets, espe- 

cially potatoes. 

While the income from the dai has been inereased, the expenses 
have been reduced by growing a larger part of the rations on the 
farm. Succulent feeds and feeds high in protein have made this 
possible, especially corn for silage and clover hay. A short rotation 
with clover and the judicious use of commercial fertilizer maintain 

the productiveness and the physical condition of the soil. 

MANAGEMENT OF THE HILL LAND. 

In addition to the land which is in the valley along the river and 
about the buildings, a part of the English farm lies about 400 feet 
above the main valley at an elevation of about 1,300 feet above sea 
level. A very steep hill separates this part of the farm from that 
which lies in the valley. This part of the farm is typical Volusia silt 
loam. It is this soil type which is most widely distributed in southern 
New York. It occupies the higher hills and is of such a character 
that poor farming methods very soon bring it to a depleted condi- 
tion. This soil is largely responsible for the ill fame which has come 
to New York State as a section of abandoned farms and poor agri- 
culture. ; 
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CONDITIONS OF THE HILL LAND. 

The hill portion of this farm is particularly typical in accessibility 
and general conditions of southern New York and northern Pennsyl- 
vania. ‘The owner of a valley farm is in a position to handle contigu- 
ous hill lands in connection with his valley farm more profitably than 
any: one else, and the experience of Mr. English demonstrates that 
this type of land can be made productive and profitable. 

This general type of soil needs lime, frequent and thorough culti- 
vation, organic matter, and some plant food, largely phosphoric acid. 
In some cases it needs drainage, and if such is the case it is useless 
to handle it without drainage and expect the best results. Mr. Eng- 
lish realized this and has given attention only to the better drained 

_ portions of the land which he owns. However, he owns some land 
which is poorly drained, and he expects to begin reclaiming it by 
installing an artificial drainage system. 

s 

IMPROVING THE FIRST FIELD. 

For some time after he purchased the farm Mr. English gave but 
little consideration to this hill land, using it for pasture and being 

satisfied with what little grew of its own accord. His first attempt 
toward improvement was with a 6-acre field which at that time was 
nothing but a poor pasture, in just about the same condition that a 
-majority of the pastures in the section are to-day. He plowed it in 
the spring of 1906, picking off the stones before and after plowing. 
During the summer the field lay fallow, but was cultivated at fre- 
quent intervals to get good tilth. In September the land was sowed 
to rye. A fairly good stand was secured the following spring, and 
it was allowed to grow until June 1, when it was plowed under. The 
field was left fallow but received cultivation until July 10, when 
buckwheat was planted. Planting the buckwheat was intentionally 

late, so there would be no possibility of its getting ripe and thus 
affording a temptation to remove it from the land. As soon as the 
buckwheat was full grown the cows were turned on it to feed and to 
tramp down the growth. 

During the process of improvement Mr. English made it a point 
to plow a little deeper at each successive plowing, until at length 
he was able to plow 8 to 10 inches deep. He was careful to pick off 
any large stones which had been turned up, but at no time was the 
stone picking particularly arduous. Most of them were removed 
just before and after the first plowing. After that it was necessary 
to remove only those which the later plowings had loosened. 

After the cattle had pastured off the buckwheat somewhat in the 
fall of 1907 and it was trampled down sufficiently, the field was 
plowed. In the spring the land was thoroughly prepared and 
planted to potatoes. An application of 600 pounds per acre of fer- 
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tilizer containing 4$ per cent of nitrogen, 9 per cent of phosphoric 
acid, and 10 per cent of potash was made. During the summer the 
potatoes received good cultivation and in the fali gave a yield of 
800 bushels of merchantable potatoes from 6 acres. 

After potato digging, the land was fall-plowed and the next 
spring it was planted to barley. Previous to sowing the barley 7 
tons of plaster lime were applied with a manure spreader to the 6 
acres. The weather was very dry and the barley, a small-growing 
2-rowed variety, did not grow very well. At the time of sowing the 
barley an application of grass seed, consisting of a mixture of 12 
quarts of red clover and 4 quarts of timothy per acre, was made. 
The grass came up nicely and made a fine stand. On account of dry 
weather the clover did not seem to be doing very well, so Mr. English 
mowed the barley before it was ripe and secured two small loads of 
barley hay. In this way the stand of clover was saved and it grew 
luxuriantly during the summer and fall. 

The next spring the clover was allowed to grow until early in 
July, when the cattle were turned in to pasture it. The crop was 
especially good and Mr. English was severely criticized by his 
neighbors for his practice. 

That fall, 1909, the field was again plowed, the organic matter and 
the nitrogen of the clover thus being added to the soil, and potatoes 
were planted the next season. Good cultivation and good weather 
conditions were factors favoring a good yield. This time 200 
bushels per acre of marketable potatoes were secured. About 600 
pounds of the potato fertilizer mentioned were used on this crop. 

The cost and income of the second crop of potatoes were estimated 
by the owner and the writers to be as shown in Table IT. 

TABLE II.—Cost of and income from the second crop of potatoes on 6 acres of 

hill land of the English farm. 

Cost. Income. 

Item. yi 
verage Average 

6 acres. per acre. 6 acres. per acre. 

Value of land after improvement,! 6 acres, $40 per acre, $240, 
interest. at'5 Per Cent. -.552s5S-cneck eee ae menecee eee eer oes $12. 00 $2.00 Weer cbceeee|-seccccecc 

PIG WING 5222.25 52 /<bee 5 Jed ee eee See eee ee ee ee ee eas 16. 00 DS GT 4s | Seeeese tes |sen era 
Preparation (harrowing 4 times)......-.----------------------- 10. 00 P66 p| sheers Eh teis, os ab 
Planting: oo is su ase Pe a a ad he eee 1 eee 8. 00 WGA sase en Ae bese ear 
Seed, 10 bushels per acre, at 60 cents per bushel.....--..----.-- 36. 00 (501 Beat oes eee 
Fertilizer, 600 pounds per acre, 44-9-10............-------------- 60. 00 LO 00) esate eee Se ace 
Cultivation: 5 times hoe aine = oe cette Se ia letere toca lst to = eee ae 30. 80 BEI are cise bo een 
Sprayingdor bugs:only 36.2252 dee --o-2- = see een soe emit 2. 80 AG Sows e ein Hes So. oe 
Digging and picking Up se--na2 see 2.5 = ba leclen's o'er eee 40. 00 6260 leo ce acces sac noose 
Marketing 2.031 82 delice oats meet sin lo nso anno yoo te ee eateries 36. 00 600) |e as eee le tee ce 22 e 

Totaliand average COSUAS: seers <n we ne cine inde see eee 251. 60 AN Oe Gemeente mee enisce 
Receipts, 1,200 bushels of potatoes, at 60 cents per bushel.......|..........|---------- $720.00 $120. 00 
Income (taxes and use of machinery not included)..............|.-....-...|---------- 468. 40 78.07 

1 This land in its unimproved condition was valued at $20 per acre. 
provements we find its present value to be $40 per acre. 

Adding to this value the cost of im- 

2 Dividing $251.60 (the total cost of production) by 1,200 (the number of bushels), the cost of production 
is found to be 30.209 per bushel. 
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In the autumn of 1910 the ground was again plowed, and in 1911 

it was planted to oats. This time about 1,200 pounds of acid phos- 
phate were applied to the 6 acres, a moderate application of lime 
being also made. The oats yielded 55 bushels to the acre. Mr. 
English did not treat his oat seed for smut. The writers went 

through the field a short time before the oats were ripe and found 
that from 20 to 30 per cent of the plants were smutted. No doubt 
had this not been the case the yield would have been greatly in- 
creased. The field had a fine stand of clover later in the season. 
The cost of and income from this land for five years are shown in 

Table III, allowing 30 cents per bushel as the cost of growing the 
oats and estimating the cost of growing the first crop of potatoes to 

be the same as that of the second crop. 

TABLE III.—Cost of and income from 6 acres of hill land on the English farm 

for five years. 

Income. 

Yield Crop. Cost.1 
(bushels). Cents per | Gross re- Net re- 

bushel. ceipts. ceipts. 

otatoes) (first crop) 2.02... -.-.--22--.-----2 800 2 $251. 60 80 S640) hes eee 
Potatoes (second crop)......---.----.----.- 1, 200 251. 60 60 AON RSS eee 
OBIS 206 aU SC 0CSE BEES ROE eae 330 99. 00 50 N65 | Ses. Gackees 

“OUI. ceCSRES GBC e Sep SHO Rn CRBS oe Ree sae anes 6025208 |-e=neee eee 525 $922. 80 
EAVCLASOID EL ACLO IPCI VOCAL sas j2 8 Seca aniewiee fo a Helse cake secc |e bs. eeewoee 50. 83 30. 76 

1 Details of the cost cf the second crop of potatoes are shown in Table IT. 
2 Cost of the first crop of potatoes estimated to be the same as that of the second crop. 

An income of $30.76 per acre per year for each of the five years 
is not a bad record for abandoned land. This certainly would jus- 
tify a valuation on this hill land of not less than $100 per acre, which 
would much more than pay for the improvements made. 
of growing and turning under the green crops, the picking up of the 
stones, and the use of the lime was about $20 per acre. In t 

The cost 

he above 

figures this amount has been added to the original land investment, 
and interest on it has been charged at 5 per cent. 

Another factor makes the profit from this improvement greater 
than the figures indicate. No additional cash expense was incurred 

for either man or horse labor, although this has been charged against 
the crops as cash. These improvements and the growing of the addi- 

tional crops were carried on with regular farm labor, and this made 
a more efficient distribution. It was necessary, however, to rearrange 
the rotation in the valley somewhat, growing more hay and a little 
less of the intensive crops, such as onions and potatoes, but owing 
to the high price of hay this did not cut down the income greatly. 
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METHODS OF IMPROVEMENT USED ON THE SECOND FIELD. 

On account of his success in bringing up the first field Mr. English 
decided to try another field. This time he concluded not to wait to 
prepare the land before getting any crop, but to grow regular crops 
and accomplish the improvement at the same time. He depended 
on the many crops of goldenrod and other weeds which had grown 
up, died, and decayed on this land to supply the humus for at least 
one crop. 

In the fall of 1910, after picking up the stones, he plowed 11 acres 
of this old unproductive pasture. In the spring of 1911 all remain- 
ing stones were removed, thorough preparation given, and potatoes 
planted about June 20. At the time of planting 500 pounds of fer- 
tilizer per acre were used. The early part of the season was very dry, 
and growth was relativély slow. In August rains came, the potatoes 

Fic. 2.—The il-acre field of potatoes on the hill farm of M. J. English. Compare 
2 

with figure 3. 

began to grow luxuriantly, and on September 14, the date of the first 
killing frost, they looked extremely well. (See fig. 2.) The late 
date of planting, the rather unfavorable weather in the early part of 
the growing season, and the early killing frost all combined to re- 
duce the yield, but in spite of the untoward conditions about 120 
bushels of potatoes per acre were produced. These, selling at $1 per 
bushel, gave a profitable crop. The next season this land was limed, 
acid phosphate used, and oats sowed. 

A DEFINITE ROTATION FOR UPLANDS. 

Mr. English’s plan of handling his upland is a 3-year rotation of 
potatoes, oats, and clover. Clover is used to furnish pasture, organic 

matter, and nitrogen. Lime is used with seedings of oats to secure 
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clover stands. This land is deficient in phosphoric acid, and an ap- 
plication of acid phosphate with oats increases the yield of grain and 
improves the ciover. Potatoes are the money crop. The application 
of the lime and fertilizer to the oats and the growing of clover helps 
the land for the potatoes. The largest quantity of fertilizer is put 
directly on the potato crop, but even here the application is not 
excessive and the crops that are secured warrant the expenditure. 
It will be noted that nothing has been said about spraying the 
potatoes. They are not sprayed, because it is practically impossible 
to get the water necessary for spraying operations up to this land. 
‘The potatoes are planted late and the bugs are poisoned. Bleght is 

Fic. 3.—A sample of the hill land of the English farm where practically nothing but 

“poverty grass” and five-finger was growing when renovation was begun. The oats 

on the left yielded 55 bushels per acre. Compare with figure 2. 

not common in late plantings on this high land and no attempt is 
made to combat it. 

The yields in this scheme of land improvement may not seem par- 
ticularly large. It must be borne in mind, however, that the system 
has been employed but a short time and also that the work is carried 

on on a type of soil which responds none too readily to treatment 
and which is generally quite badly depleted. Only by seeing the sur- 
rounding fields can one get an idea of the improvement. Generaily 
the crops do not grow very well and clover is almost a complete 
failure. In many of the surrounding pasture fields the conditions 
are so poor that the daisies, paintbrush, five-finger, and goldenrod 
ean scarcely live. (See fig. 3.) 
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The accomplishments in this method of land improvement have 
been made with no stable manure in the scheme of operation. The 
improvement of land by the use of stable manure is comparatively 
easy, but there is not enough for all of the land. Mr. English has 
shown that stable manure is not absolutely essential for land im- 
provement in southern New York. Green-manure crops, cultivation, 
rotation, and the judicious use of fertilizers and lime will accomplish 

the object. 
Mr. English says that there are a few essentials for the improve- 

ment of hill land. First of all is drainage, natural or artificial. 
Short rotations are desirable because they permit frequent and thor- 
ough cultivation. Lime is essential to get clover. Clover is essential 
to soil improvement. These lands need organic matter, and no 
system of improvement will be a suecess which does not build up the 
organic content of the soil. Phosphoric acid is important. It in- 
creases the yield of all crops and aids materially in securing clover 
stands. Short rotations help to secure better production, more easily 
maintain fertility, and keep down weed pests. They furnish a means 
for practicing frequent and thorough tillage. 

MAKING A RUN-DOWN HILL FARM PROFITABLE. 

To a farmer with a good business instinct it was evident that the 
improvement of run-down hill land is very profitable. Much of the 
land in the neighborhood was available at a very low price, and, as 
Mr. English was already farming at a profit in the valley, he had the 
necessary money to invest. As he knew of no investment which, with 
the upward tendency in the values of eastern lands, would be safer 
than this or on which he could make a better rate of interest, he was 
not long in purchasing one of these “ worn-out ” hill farms. 

The farm selected consisted of 95 acres of gently rolling land situ- 
ated on the top of the second tier of hills above the main valley, at an 
elevation of 1,350 feet and about 5 miles from the home farm. There 

is nothing out of the ordinary about this farm; it lies partly on either 
side of the crest of a ridge, with east and west slopes, about 6 miles 
from the city of Binghamton. The soil is the characteristic Volusia 
silt loam of the region and only fairly well drained. When put in 
proper condition it is an excellent potato soil. The land had been 
cropped with hay and buckwheat for years, with practically no humus 
or fertility supplied, and its physical condition was very poor. Mini- 
mum cultivation had been given, but there was an excellent frame 
house and a rather poor barn on the place. The purchase price was 
$1,550 cash, or $16.82 per acre, which is about the average price of 
similar land in the region. 
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MANAGEMENT THE FIRST YEAR. 

Tt was desired not to spend any more money on the farm than was 

absolutely necessary and to make the farm earn interest on the in- 

CES ee Tee ae 

vestment as soon as possible. This fact makes the example all the 
more practical for the farmer of average means to follow. A tenant 
was engaged to live in the house and do the work on the place under 
the owner’s direction. He was given one-half of the oats, buck- 
wheat, and potatoes, and was permitted to keep four cows and to 

_ have the income from them, provided he fed all the hay and roughage 
and used all the straw on the farm, returning the manure, straw, 
etc., to the land. The tenant was also to do all the improvement 
work for the owner which he had time to do, such as picking up 
stones and cutting hedgerows. A small apple orchard was reserved. 
The owner furnished all the lime and clover seed and one-half of the 
other seeds and fertilizer. The tenant furnished his own teams, most 
of the machinery, and all the labor. The owner furnished a potato 
planter and a digger. 

Mr. English took actual possession of the farm on April 1, 1910. 
Owing to the time of starting it was impossible to carry out the defi- 
nite plans for improvement and only such crops as could be planted 
conveniently were used the first year. Consequently, the land was 
not as carefully prepared as it would otherwise have been. The 
potato seed available was very poor and only 400 pounds of commer- 
cial fertilizer were used, thus making a low yield, the 4 acres pro- 

ducing about 90 bushels per acre. About 5 acres of buckwheat were 
sown, yielding 116 bushels. Lime and acid phosphate were applied to 
one 8-acre tract. On this tract 300 bushels of cats and an excellent 
stand of clover were obtained. Ten head of young cattle were pas- 
tured on the west slope, where the land was rough and not available 

for tillage. The old meadow was cut, yielding about 1 ton of poor 

hay per acre. 
Permanent repairs cost practically $400. During the summer 

the tenant cut the brush and young trees in the hedgerows on the 
farm and generally cleaned up about the place. The balance on the 
owner’s books showed that his account with the farm at the end of 
the first year, on April 1, 1911, stood as shown in Table IV. 
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TABLE [V.—H#axrpenses of and income from the 95-acre hill farm of Mr. English 
for the year ended March 81, 1911. 

Investment. Amount. 

9b ncresiof land. /ati$16:32 peracre. —..5-c 5229250 eee ne = es ee ee $1,550 
PIN DPTOVOMOENTS 3s oat cele e do oie ew ok 'aeiete onion wininisie t eS SOEK © 2.2) ROR eS eS ae re 400 

Total Investments < -2< 2 ojo 0 ste acess ci sce eee 4 cles Eee oe Rene ee eee 1,950 

2 Gross Net 
Expenses. Cost. Income. receipts. | receipts. 

LIES ES ao eesopese ie ie Sera coonbonese $18.00 | 150 bushels of oats, at 45 cents.-..-- $67. 50 
4,000 pounds of lime..........-.----- 14.00 | 58 bushels of buckwheat, at 60 cents. 34. 80 
400 pounds of fertilizer for potatoes. - 6.80 | 180 bushels of potatoes, at 60 cents...| 108.00 
20 bushels of seed potatoes, at 60 10 head of young cattle pastured 6 
CON TSE eo sees cists ee eeieee 12. 00 months) at $3.o-eseeesse- eee eee 30. 00 

800 pounds of acid phosphate for oats. 4.80. 
8 bushels of seed oats, at 60 cents... - 4.80 
4 bushels of buckwheat, at 60 cents. - 2. 40 
Grass seed for 8 acres..--.----------- 16. 00 
Imsurance!:-. Sache ecee es teosaecenece 4.00 

Mo tal eh co ee eaten ee ane 82. 80 | Totals /: 533: - eee eee 240. 30 
| Owner’s income (interest on 

investmentisnot deducted) |........-- | $157, 50 

The owner’s income amvunts to 8.08 per cent on the investment 
of $1,950. In this calculation no account is taken of the owner’s 
supervision, as the exercise of it did not detract from that of the 
home farm. 

In addition, the farm was very materially improved by deeper 
plowing, better cultivation of the crops, and by cleaning up around 

the place. 

MANAGEMENT THE SECOND YEAR. 

The following year about 9 acres of sod land were plowed 7 or 8 
inches deep and thoroughly prepared for potatoes. Unfortunately, 
the tenant left some of the cut seed potatoes exposed for several days 
without the owner’s knowledge, and these made a very uneven stand 

when planted. Three plantings were made. The first from freshly 
cut seed gave a fine stand and yielded 150 bushels to the acre. The 
next was the largest and made a very poor stand, yielding only 50 
bushels to the acre, while the last was good and yielded 150 bushels 
to the acre. From the whole field 816 bushels were dug, an average 
of about 90 bushels per acre, a very low yield. These were worth $1 a 
bushel at the farm, however, which in part made up for the low yield. 

In spite of a very dry season the clover sown the previous year 
came up very well. From a 2-acre plat over 4 tons of fine clover hay 
were cut, while the remainder of the new seeding cut about 1 ton of 
good hay per acre. Eight acres of oats in which the usual seeding of 
clover and timothy with lime and acid phosphate was made yielded 

4 
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186 bushels of grain. Buckwheat yielded 120 bushels of grain on 54 
acres. On the rough pasture 13 head of young stock were summered. 

RENOVATING THE OLD ORCHARD. 

On this farm there are about 2 acres of old apple orchard in which 
some 30 trees are still in fairly good condition (fig. 4). About one- 
third of these are of the Northern Spy variety, one-third Rhode 
Island Greenings, some Russets, and the remainder summer and early 

Fic, 4.—One of the Northern Spy apple trees in the small orchard on the hill farm 

of M. J. English. This orchard of 30 trees was renovated at a cost of $90 and 

yielded a total income of $360. The owner’s net profit as a result of the first 

year’s work was $270. 

fall apples. Having become somewhat interested in apple growing 

and having seen the opportunity to develop a local market trade in 
this fruit, Mr. English decided that he would try to renovate this old 
orchard. The previous year he had cut all the underbrush, berry 
bushes, etce., which had grown up in the orchard. The tenant was 
paid for all work in the orchard, which was reserved by the owner, 
who thus had the entire income from it. Two sprayings were made, 
using a hand pump, the first just before the trees came into bloom and 
the second just after the blossoms had fallen. Table V shows the cost 
of renovation and the income derived from the orchard. 
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TABLE V.—Cost of and income from renovating an old 30-tree apple orchard on 
the English farm. 

Renovation. 
Cost. 

Pruning and thinning trees.........- 
Plow es 5 peewee cee ee ceres kicks 
Harrowing (several times)......----- 
Thomas slag for fertilizer (one-half 

EON) = =. osc east abae eae sate e senelic 
Labor in applying slag........------ 
Spraying (twice): 

Materiales: We cosh ¢nccesenmn es 

Picking, at 5 cents per bushel, and 
marketing, at 5 cents per bushel, ete.1 

i) 

ow No OO Or 

Or Load oO 

Income. 

400 bushels from 30 trees: 
100 bushels of early fall apples, 

at 50 to 75 cents per bushel. -- - 
280 bushels of first-class winter 

apples, at $1 per bushel... ---- 
20 bushels of seconds, at 50 

cents per bushel..........-.--- 

Totals: {55 ee eee 
Deduct cost of renovation... - 

Average gross income per tree. ----- 

Gross Net 
receipts. | receipts. 

1 The total cost stated includes all incidental expenses in connection with picking and marketing. 

Fic. 5.—View of the English farm, showing the general topography of the hill land 

in southern New York and the stony character of much of the Volusia soil. The 

field in the foreground is the one in which the young apple orchard was sect. 

The result of one year’s work in this old orchard is at least ten 
times its income in former years. 

SUMMARY OF THE RESULTS ON THE HILL FARM. 

It was necessary to make a number of improvements on the hill 
farm in 1911. The barn was repaired at a cost of $100. Old fences 
were torn down to make ready for new ones, and the fence posts and 
wire purchased. Eighty apple trees were set in a 3-acre field adjoin- 
ing the old apple orchard at a cost of $35 (trees, $20; labor, etc., 

-— 
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$15). The varieties set were Baldwin, Northern Spy, Wagener, and 
Rhode Island Greening, 20 trees of each. The type of soil on which 
this orchard was set is shown in figure 5. Ten trees each of five 
varieties of peach were also set, to find out what they would do on 
the soil at this elevation. 
On April 1, 1912, at the end of the second year under the new 

management, the owner’s account with this farm was as shown in 
Table VI. 

TABLE VI.—I/nvestment, expenses, and income on the 95-acre hill farm of Mr. 
Hinglish for the year ended March 31, 1912. 

Investment. Amount. 

sl] RAPES. 5 ~ c onosososdoneteesoscsencnosns cosseuacedeccu sass ouaase oconEe coseeDEsuosesesde $1, 950 
CAME VC MICE S OLY DAL ares ape raye\ sa marke ere jamin ais nie sis Sgersioeicise smc eislnikin = se misiaeis acces cisine/s eee esiciele 100 
OP SLEIEE 2 coc coor aces scoosscoe cece psospenousseesenerees pone. scons oscc sc osccoecosanosscocecreee | 50 
ened ppleorchard care of imees and. sebting 255.) 2 ef oe een eee am oc oe eee ee ale nmin oes | 35 

Mra telltiranyes trier tame eae ere es hake ote. nee cares a St tse kein team oh | 2,135 

Expenses. Cost. Income, Gross Net 
receipts. | receipts. 

BED CCM pe enone acai siecle sc $18.00 | 400 bushels of apples.....-......---- $360. 00 
50 bushels of seed potatoes, at 50 93 bushels of oats, at 60 cents... ..-- 55. 80 
REND Seere meee reicicccen ass ciscinsce 25.00 | 60 bushels of buckwheat, at $1.50 

Commercial fertilizer for potatoes. - -- 26. 00 peniundredweisht= oe wees eae. 43.20 
6 bushels of seed oats, at 60 cents-..-- 3.60 | 408 bushels of potatoes, at $1.......- 408. 00 
Orchard renovation. ..........------ 90. 00 | 13 head of young cattle pastured, at 
2 tons of lime, at $5 per ton... 10. 00 CBE Bad oa aS ena S SEES CASAC Re Sas 0 39. 00 
Grass seed for 8acres........- 18. 00 
MATS HTAN COmmiee eee os seis s nicie eines ais 4.00 
900 pounds of acid phosphate for oats - 15.40 
4 bushels of buckwheat seed, at 60 

Total (notincluding household)} 212.40 MNO cel aae seer Se eeh atciearei See 906. 00 
Owner’s income (interest on 
investment not deducted). - meee | $693. 60 

Excluding the owner’s superintendence and the use of a few tools, 
this sum represents a return of 32.5 per cent on the investment at the~ 
end of the second year. Allowing the owner $500 for his superin- 
tendence and $20 for the use of the tools, the investment still yielded 
an income of 9 per cent. 

LABOR PROBLEMS ON THE ENGLISH FARM. 

MAN LABOR. 

Since a better distribution of labor has been effected, it has been 
and is now employed by the year. Two men are kept on the 160-acré 
farm all the year and some extra help is occasionally required. The 
owner, of course, works with the men when the duties of superin- 
tendence permit, and an 18-year-old son works regularly. The 

_ men hired by the year are started at $30 per month, with a house, a 
_ garden plat, and the milk necessary for their family use. If they 
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prove satisfactory and show a proper interest in the work, they 
receive an increase of $1 a month for each year they stay. ay addi- 
tion to this, each man gets a vacation of from one to two weeks 
with pay, but this leave must, of course, be taken when work is not 
too pressing. Each workman gets his pay regularly at the end of 
the month and never between pay days, except in emergency cases. 

The men work from 12 to 12} hours a day. Promptness at both 
ends of the day are prerequisites, and the owner is insistent that all 
work, including the chores, shall be finished by 6 p. m. The dairy 
affords the principal work during the winter, and each man has 
certain cows to milk each day. The morning hours are 4 o’clock 
in winter and 5 o’clock in summer, and the cows are milked at exactly 
12-hour intervals. By these methods Mr. English has as nearly - 
solved the farm-labor problem as any farmer we have known. He 
always employs high-class men rather than have men in his employ 
whose labor is not profitable. 

HORSE LABOR. 

The horse labor on this farm is done by big draft horses. Mr. 
English believes in high-class animals, just as he does in high-class 
men. If horses cost more, he makes them earn more by keeping 
them well occupied on productive enterprises. The work is so 
arranged that the horses are idle only a small portion of the year 
in the winter. They are fed cheaply on oat hay or straw and with 
ground oats (at a usual cost of 228 a ton) or the mixture shown in 

Table VII (1910 prices). 

TABLE VII.—Horse-feed constituents and cost of feeding on the English farm. 

Quantity and cost of feed constituents. Quantity fed and cost of feeding. 

Rate ; Quantity Cost 
Feed constituent. | Pounds. per Cost. Season. Quantity per feed. fed per ay wel 

ton. day. P 

Quarts. Cents. 
Linseed meal.....-- J00 $35 | $1.75 | Winter...... 3 quarts, or 3 9 11 

pounds. 
Corm meal. -.2) 232... | 100 20 1.00 | Spring...... 4 quarts, or 4 12 15 

pounds. 
Lin titessecepsmaceor 100 | 23 1.15 | Summer...-.| 4 or 5 quarts, or 4 12-15 15-19 

or 5 pounds. 
Ground barley-...-... 200 | 25 2.50 

Total feed... 500 fie. 2aee- | 16.40 
i 

1 About 1} cents per pound. 

No timothy and no clover hay have been fed to the horses on this 
farm for five years, it having been found that the animals do as well 
or better on oat hay or straw, which is a cheaper feed. 



AN EXAMPLE OF SUCCESSFUL FARM MANAGEMENT. Die 

MARKETING. 

A large part of the success of Mr. English is due to his ability 
in buying his materials and in selling his crops. He thoroughly 
understands marketing. Many of his sales are made directly to the 
consumer; but if it can be done advantageously, he sells in large 
quantities to dealers. Mr. English is very particular as to the quality 
of his products. He has built up such a reputation that everyone 
is anxious to buy his products, and often he would be able to sell 

_ more than he produces. At present the potato and apple crops are 
sold directly to the consumer. Milk and other crops are sold to 

dealers. In his reputation for quality and strict honesty he possesses 
~ an asset which has contributed in no small way to his success. 

HOME LIFE. 

The family consists of a wife, who is as interested as her husband 
in the success of the farm and whose advice is eagerly sought in the 

conduct of the enterprise, a son who has attended high school in the 
city near by, and two younger children, a boy and a girl, who attend 
near-by city schools. The house has been remodeled since Mr. 
Englsh purchased the farm. A water system which receives its 
supply from a spring on the side hill supplies water to the barn 
and house. The dwelling, with its modern plumbing and heating 
systems, 1s convenient and cheerful. 

SUMMARY. 

Success on this farm is due to wise management and proper adjust- 
ment of all phases of farm business—capital, labor, crops, animals, 
and marketing—in their economic relationships. This farmer se- 
cured all the aid he could from educational institutions, studied his 
farming as any good business man would study his business, and 
successfully solved his problems one by one. 

The dairy has been the largest source of income from the first. 
Poor and unprofitable cows have been eliminated. Every cow that 
could not show a profit has been sent to the shambles. 

The labor necessary to run the dairy has been fully and profitably 
utilized by growing cash crops on the farm in addition to those 
needed for the dairy. This has reduced the cost of milk production. 

Diversification has been an important factor in the successful 
management of this farm. <A rotation was built up with this three- 
fold purpose in mind: (1) To maintain fertility and improve soil 
conditions, (2) to produce as much of the necessary animal rations 
as possible, and (3) to provide profitable cash crops. In this case a 
rotation on the river bottom land, with barley as the small grain and 

clover for hay, followed by corn for silage or potatoes for sale, best 
answered these purposes. 
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A 6-acre field typical of the uplands and of the neglected and 

run-down farms of the region, worth less than $20 an acre, has been 

systematically improved and made worth not less than $100 an acre 
at an expense of less than $30 an acre. 
Improvement was accomplished by deep plowing and thorough 

cultivation of the soil, by liming the land, and by plowing under 
successive crops of rye, buckwheat, and clover to supply the needed 
humus. 

Experience with a second field indicates that profitable crops can 
be obtained by deep plowing and good cultivation, supplemented by 
the rational use of commercial fertilizers, without the initial expense 
in time and money of growing and turning under green crops. 
Improvement of land can be accomplished without the use of stable 
manure, provided the proper system is used. 
From 20 to 200 bushels of potatoes per acre have been obtained on 

these hill soils by these methods, as well as 55 bushels of oats per 
acre and good stands of clover. A rotation of oats, clover, and 

potatoes is recommended for these cheap hill lands where they are 
properly drained. Drainage is important. 

The distribution and proper utilization of the labor of both men 
and horses is a noteworthy feature of this farm. A definite system 
is followed, the men being systematically promoted, paid in cash 
each month, given a vacation with pay, and working a definite num- 
ber of hours each day. 

Success with badly depleted fields suggested a larger opportunity 
for the purchase and proper management of other run-down farms. 
One was purchased at $16.32 an acre, and under a tenant system 
was made to pay 8 per cent on the investment the first year and 32.5 
per cent the second year. ; 

The renovation of an old apple orchard of 80 trees was made an 
important supplementary source of income. 

The owner of a valley farm is in a position to handle contiguous 
hill lands in connection with his home farm more profitably than 
anyone else because of the smaller expense in labor and equipment 
and because the income per acre on cheap land is usually too low to 
support a family and an expensive equipment. 

Skillful marketing and close attention to the wants of a local 
market have been important factors in the success of Mr. English. 
This success is due to the application of sound business methods and 
principles. 
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CEREAL EXPERIMENTS AT DICKINSON, N. DAK.’ 
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(In cooperation with the North Dakota Agricultural Experiment Station.) 

INTRODUCTION. 

The cooperative experiments with cereals at the Dickinson 
(N. Dak.) substation since 1907 have been confined to dry-land 
crops and practices. Varietal and improvement tests and cultural 
experiments have been conducted. The testing and improvement of 
cereal varieties, which have constituted the major portion of the 
work, are reported upon in this bulletin. The varietal tests are dis- 
cussed in detail, followed by a brief statement regarding the efforts 
to improve those varieties which appear to be most valuable. The 

+The Dickinson substation was established in 1905 by the North Dakota Agricultural 

Hxperiment Station and has since been operated as one of several ‘‘ subexperiment sta- 

tions’ 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 Dickin- 

son substation was established until Jan. 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. L. R. Waldron has been superintendent of the Dickinson sub- 

station except for the year 1909, when he was granted a year’s leave of absence, and Mr. 

O. J. Grace, now superintendent of the Akron (Colo.) Experiment Farm, was acting 

Superintendent. In 1907 cooperative cereal work was started at the Dickinson sub- 

station by the North Dakota Agricultural Experiment Station and the Bureau of Plant 

Industry, United States Department of Agriculture. During the first few years of this 

cooperation, the Bureau of Plant Industry assisted in planning and systematizing the 

work and in furnishing seed grain, bul gave little tinancial aid. More recently, the entire 

salary of the man in charge of the cooperative work has been paid by the bureau. From 

1907 to Jan. 1, 1912, the cooperative work was in direct charge successively of Supts. 

Waldron and Grace, Mr. Charles H. Clark. and the writer, under employment by the 

State. On the latter date the writer was appointed a scientific assistant in the Office 

of Cereal Investigations, Bureau of Plant Industry, remaining in charge of the cooperative 

work with cereals at Dickinson. 
On July 1, 1903, a memorandum of understanding between the North Dakota Agri- 

cultural College and the Bureau of Plant Industry was accepted by both parties. This 

was revised on July 1, 1911. This memorandum specified that “‘the object of these 

cooperative investigations shall be (1) to improve the wheat industry in the Northern 

Plains region by discovering and producing varieties better than those now grown, 

especially with regard to nitrogen content, yield, earliness, drought resistance, ete.; (2) 

to conduct similar experiments with oats, barley, and other cereals when it may be 

desirable.” 

Notr.—This bulletin is of interest to agronomists and cereal breeders generally, and to 

farmers in the northern Great Plains States, 

62800°—Bull. 33—14 1 
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: experiments have been conducted principally with spring varieties 
of wheat, oats, and barley, but some work has also been done with 
winter wheat and rye, spring rye, emmer, flax, proso, and grain 

sorghum, : 
The yearly reports of the cooperative cereal investigations at the 

Dickinson substation have been included in the annual reports of 
the substation? for the years 1908 to 1910. Most of the experi- 
ments reported upon in this bulletin were begun during that period. 
The work had not progressed far enough in 1910 to justify a sum- 
mary of the results. With the results of seven years’ experiments 
now available, it seems desirable to summarize them and to draw 
such conclusions as they appear to warrant. 

DESCRIPTION OF THE SUBSTATION. 

It is believed that the results obtained at the Dickinson substation 
are applicable to only a portion of the northern Great Plains region. 
That section lying west and south of the Missouri River in North 
Dakota and including the eastern portion of Dawson and Custer 
Counties in Montana has conditions very similar to those at Dickin- 
son. The rainfall decreases southward into South Dakota and is 
so limited in some places that dry farming as now practiced is not 
profitable. A comparison of the climate of any locality in this 
section with that of Dickinson will aid greatly in determining to 
what degree the Dickinson results may be applied. In order to per- 
mit such a comparison, a detailed description of the substation is 
here given, together with data on the amount and distribution of 
rainfall and other climatological factors under which the experi- 
ments were conducted. 

LOCATION. 

The Dickinson substation is located 14 miles northwest of the city 
of Dickinson, near the center of Stark County, N. Dak., in the south- 
western portion of the State. It comprises 160 acres, which. with 
the exception of one rather high butte, is gently rolling land. The 
elevation is approximately 2,500 feet above sea level. The topog- 
raphy about Dickinson is that of a broken prairie, fairly typical 
of western North Dakota or that part of the State west of the Mis- 
sourl River which is known as the old (preglacial) landscape of 
North Dakota. The flat tops of the buttes and table-lands have 
been going through the process of erosion since before the glacial 
period. , 
During the past decade this section, comprising approximately 

12,500,000 acres, has passed through a process of transformation 

1 North Dakota Agricultural Experiment Station, .Dickinson Sub-Experiment Station, 

Annual Reports 1—3, 1908-1910, 
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from the open range to small farms and ranches. In 1893 it sup- 
ported 3 banks; in 1903, 5 banks; and in 1913, 98 banks. This 
rapid growth is largely due to the great influx of settlers who have 
practiced general farming instead of exclusive grazing. Although 
there are still large tracts where, because of the roughness of the 
land and its consequent lack of adaptability to diversified farming, 

stock raising is still a dominant industry, this section now pro- 
duces 8,000,000 to 10,000,000 bushels of wheat annually. 

GENERAL PHYSICAL FACTORS. 

A study of the crop yields for the series of years here presented 
necessitates some knowledge of the factors which have influenced the 
growth of the crop. The most important physical factors are (1) 
the soil; (2) the annual rainfall and its distribution; (8) the evap- 
oration, especially that during the crop season; (4) the wind, with 
special reference to that which passes directly over the ground 
surface during the growth of the crop; and (5) the temperature, 
especially the spring and fall frosts which limit the growing season. 
These data regarding the factors recorded at the Dickinson substa- 
tion are summarized herewith. 

SOIL. 

The soil of the Dickinson substation is reasonably typical of a 
large portion of the soils of the northern Great Plains region-lying 
west and south of the Missourr River, which are mostly residual. 
That at Dickinson is classed in the Morton series. It varies from 

a clay loam to a fine sandy loam. Mechanical analyses of several 
samples taken from the substation show the proportion of clay to 
vary from 9 to 25 per cent; silt, 15 to 47 per cent; very fine sand, 
13 to 29 per cent; fine sand, 10 to 31 per cent; medium sand, 1 to 11 
per cent; and coarse sand, 0.5 to 3 per cent. The soils are seen to 

contain a considerable proportion of clay and silt, but not so much 
that they are difficult to work; and they would ordinarily be called 
light. The soil varies in depth from 8 inches to about 10 feet. 
The color is usually black, but in places it is quite brown and in 
others gray. The subsoil varies from a clay to a fine sand. Chemi- 
cal analyses which have been made show the soil to be fairly fertile. 
The percentage of lime is considerably greater than that found in 
soils of more humid regions, but both it and the potash content 
are less than those generally found in arid and semiarid soils. The 
soils are deficient in humus, owing to the scanty growth of native 
vegetation. 

NATIVE VEGETATION. 

The native vegetation on this soil was principally blue grama 
(Bouteloua oligostachya), prairie June-grass (Koeleria cristata), 
Buckley’s spear-grass (Poa buckleyana), and needle grass (Stipa 
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viridula), with occasional patches of buffalo grass (Bulbulis dacty- 
loides) and western wheat-grass (Agropyron smithii). The grama, 
buffalo, and western wheat grasses supplied good grazing and have 
sometimes been cut for hay. 

RAINFALL. 

Table I contains a record of the annual precipitation at Dickinson, 
by months, for the years from 1892 to 1913, inclusive. The data pre- 
vious to 1906 were recorded at the city of Dickinson; since that time 
they have been kept at the substation. 

TABLE I1.—Monthly and annual precipitation at Dickinson, N. Dak., from 1892 
to 1913, inclusive, with the average, maximum, and minimum for each 
month. 

[Rainfall in inches; T.=trace; data from the records of the Weather Bureau. ] 

| | | 
Year. | Jan. | Feb. | Mar. Apr. | May. | June.| July. | Aug. | Sept.| Oct. | Nov. | Dec. | Total. 

| | | | | 

| | | | | 
1RO 22. St ee 10.32 | 0.60 | 0.60 | 3.60 | 1.77 | 2.20 | 3.89 }11.50 | 0.10 | 0.24 | 0.15 | 0.38 | 115.35 
AROS iL eS Et sot | 2868 eee 60 45 | 2.90 | 1.45 | 1.87 -46 | 1.59 | .37 .02 | 1.06 11.63 
LC es ae 12 MY .94 | 2.40) .90 | 4.48 | 3.44 95 90} .58 PAT: . 29 15.47 
TRO5 ee eee | .10| .32 | 1.06 | 1.36 | 1:69 | 3.28 | 2.47] .51 | .13|2.25| 134) .50| 112.01 
1896 sc... et ee ee .92 .06 | 1:01 | 2.35 | 5.16 | 2.54 | 1.55 | .58 . 30 11 | 2.65 ails) 18. 48 
1b ek en See 1.50 | 1.20 | 2.21 | 1.93 | .78 }1 1.19 )12.34 /11.06 | .386) .15 Btstid eel be 113.52 
ESOS See sae oe Abe . 20 .38 | 1.02 2.00 | 1.30} 1.63 | .77 ark) |) Za} .30 .80 11.92 
1899p oe 5ce eet a .12 . 20 .82 | 1.83 | 3.51 | 2.59 | 2.79 | 3.41 -08 | 1.43 .22 SOTA YS LET 
19005 - Secee A eee S7Al -63 | .96 | .65 48 .83 | 1.19 | 3.15 | 2.56 47 POD me La em teers 
HGDIEt Rees. te 01 -39 | 27 62) .13 | 3.83 | 3.69 45 83 122 .80 | 1.25 12.92 
HOOD? Bese see ses 18 | 1.43 | 2.64 16 | 3.02 | 2.56 | 138.34 |/41.89 | 1.05 | 1.10} 1.40 | 1.30 | 116.07 
TM Byte a RS ey as ae | 1.85 | 1.20 T 31 | 3.59! 1.18) .52 5.52 | 3.70 .08 -13 | .82] 116.90 
190468 woos. one eee .33 .60 | 2.02 92; .90)| 6.10; .32 2.68 | .26 .22 04 . 80 15.19 
1905: Mi. oee ae .23 -49 | .15 09 | 2.74 ) 3.75 | 3.46 | 1.48 | 2.06 BAN eile sil .08 16.55 
NG06 oF eo ssa rena 65 40] .98 | 1.10) 7.11 | 5.40) .16 ) 2°64) (25 .14 87 auth 20. 46 
GOES Re 5 See 80 14) .39 30 | 1.36 | 2%2 | 4.82 | 1.89 | 1.11 . 10 .02 .22 13.67 
OOS 2. eee ee ee 28 -73 | 1.42 | 1.27 | 3.50 | 4.30! 1.41 | 1.41 | 1.67 | 2.47 .78 . 24 19. 48 
1900 Ess E Se Se ee .27 RD2e|Le20E)» MOLES. 78ujroo2on| Les oulmoaas .83 | 1.08 .29 | 1.02 21. 26 
WOLD Se oe a ohne .34 -97 82 | 1.71 | 1.26 | 3.02 | 2.07 | 1.61 . 70 .54 o15 S16) 13.34 
AQUA Sy his Behe . 90 -59 | .43 59 | 1.63 | 2.61 | 1.27 | 2.18 | 2.63 | 2.16 -56 e227, 15.73 
JE DAES a ee eee 41 .12| .50 | 2.42 | 3.99 | 1.92) 3.80 | 2.68 | 1.897) 1.15 | 518 5M 19.06 
1913) ere ett 13 .04 | 1.22 52'| 1.78 | 1.77 | 1.36 | 2.71 94 (1204 te. 435 )0 Th 11.93 

Average..... | -43 -47 | .92 | 1.19 | 2.54 | 2.82 | 2.24 | 2.05 | 1.08 AUST -52 . 43 15.46 
Maximum...} 1.50 | 1.43 | 2.64 | 3.60 | 7.11 | 6.10 | 4.82 | 5.54 | 3.70 | 2.73 | 2.65 | 1.25 21.23 
oe Tee | Ths | T.ie|e: 16 de deep ea eb 16 5) 05) | 08 | X02; De 11.63 

1 Estimated from surrounding stations. 

The average annual precipitation at Dickinson for the past 22 
years, as shown in Table I, has been 15.46 inches. This table shows 

that the maximum precipitation during the 22 years from 1892 to 
1913, inclusive, was 21.26 inches (in 1909) and that the minimum for 
the same period was 11.63 inches (in 1893). The precipitation during 
the year 1913 was only 0.3 inch greater than the minimum for the 22 
years the records have been kept. The precipitation has been above 
normal 11 years and below normal 11 years. This fact is shown 
graphically in figure 1. Table I shows further that May, June, July, 
and August are the wettest months, June having the highest average 
rainfall, 2.82 inches. December and January are the driest months. 
Most of the precipitation from November to March comes in the 
form of snow. 

d 
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The average monthly distribution of the precipitation at Dickinson 

is presented graphically in figure 2, which shows a gradual increase 
in precipitation from January to June and a gradual decrease from 
June to December. This distribution is very favorable to the use of 
crops. However, the small amount of precipitation received during 
the fall and winter months makes crop growth almost entirely de- 
pendent upon the precipitation which occurs during the growing 
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Fic. 1.—Graph showing the annual and the mean precipitation for the 22 years from 

1892 to 1913, inclusive, at Dickinson, N. Dak. 
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season. The normal precipitation for the months of April, May, 
June, July, and August, the growing season at Dickinson, is 10.84 
inches, or 70.1 per cent of the normal for the entire year. Should a 
drought period occur during the months of June and July, as was 
the case in 1911, a small crop is likely to result, even though the pre- 

cipitation for the year is above normal. The precipitation and 
evaporation during the growing season for the seven years during 
which cooperative experiments with cereals have been conducted 
at the Dickinson substation are given in Table IT. 

a 
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TaBLe Il.—Monthly precipitation and evaporation (from a free water surface) 
at the Dickinson substation for the crop season (April to August) of the 
years 1907 to 1913, inclusive. 

[Data (in inches) from the records of the Biophysical Laboratory of the Bureau of Plant Industry.] 

April. May. June. July. August. Total. 

e ~ Ratio 

5 q g S| g A g qd g S| g | bread 
Yer 4 Slo S) 80] eo |e 4 SS eS aie Be ‘2 | tation 

=i esr = lee Pa eee PE Seeley Ese ea 8 g to 
& Blog TB |) Sie tae miata aa ema lamcht| CvapO- 
S = = = S ey 9 = 9 = 9 5 ration. 
2 a z Es = Es 2 Es 2 es 2 Ss 
a 5 ay a a eB A & ae 5 Ay R 

IMSS shes 2 0.30 | 3.200 | 1.38 | 4.765 | 2.68 | 6.019 | 4.82 | 5.886 | 1.93 | 6.755 | 11.11 | 26.625 | 1:2.40 
1908 eee 1.27 | 3.300 | 3.79 | 4.450 | 4.06 | 5.898 | 1.34 | 7.506 | 1.36 | 6.844 | 11.82 | 27.998 | 1:2.37 
1909 % 2a ace 60 | 3.170 | 6.04 | 4.922 | 3.02 | 4.924 | 1.87 | 5.360 | 5.54 | 6.813 | 17.07 | 25.189 | 1:1.48 
1910 eens 1.71 | 5.420 | 1.26 | 5.187 | 3.03 | 7.097 | 2.35 | 8.678 | 1.48 } 5.665 | 9.83 | 32.047 | 1:3.25 
uC) BES aA 48 | 5.290 | 1.63 | 5.794 | 2.61 | 7.028 | 1.27 | 9.259 | 1.69 | 5.478 | 7.68 | 32.849 | 1:4. 28 
NOT ae 2.51 | 3.650 | 3.99 | 4.671 | 2.06 | 5.528 | 3.90 | 6.020 | 2.71 | 5.922 | 15.17 | 25.791 | 1:1.70 
1913 secre 59 | 4.150 | 1.63 | 3.978 | 1.83 | 6.951 | 1.26 | 7.211 | 2.79 | 6.882 | 8.10 | 29.172 | 1:3.60 

Average.| 1.07 | 4.030 | 2.82 | 4.825 | 2.76 | 6.206 | 2.40 | 7.131 | 2.50 | 6.337 | 11.54 | 29.524 | 1:2.56 

The average precipitation during the growing season for the seven 
years from 1907 to 1913, inclusive, as shown in Table II, is 11.54 
inches, or seven-tenths inch greater than the 22-year normal (Table 
I) for the same months. Table II also shows the seasonal precipi- 
tation for the years 1907 and 1908 to be very close to normal; that 
of 1909 about one-third greater; of 1910 and 1911 considerably less; 
of 1912 greater; and of 1913 less than normal. 

EVAPORATION. 

Next to the seasonal precipitation, the seasonal evaporation is 

probably the most important factor influencing the growth of crops at 
Dickinson. The daily evaporation has been recorded at the Dickinson 
substation, and the total amount (inches) per month and for the 
growing season is shown in Table II. The evaporation is determined 
from a free water surface, the method being that employed at all of 
the stations where the Biophysical Laboratory of the Bureau of 
Plant Industry has been cooperating.t The average evaporation for 
the five months from April to August, inclusive, for the seven years 
from 1907 to 1913 was 29.524 inches. The lowest total evaporation— 
25.189 inches—was recorded in 1909, the year of the greatest rainfall. 
The largest total evaporation—32.849 inches—was recorded in 1911, 
the year of the lowest seasonal rainfall. Thus the amount of evapo- 
ration usually varies inversely with the amount of precipitation. 

The ratio of precipitation to evaporation, also given in Table IJ, 
shows the evaporation for the seven years to be 2.56 times the precipi- 
tation. In 1909 the ratio was the narrowest, the evaporation for 
that year being only 1.48 times the precipitation. In 1911 the ratio 
was the widest, when the evaporation was 4.28 times the precipita- 

1 Briggs, L. J., and Belz, J. O. Dry farming in relation to rainfall and evaporation. 

U. 8. Dept. Agr., Bur. Plant Indus. Bul. 188, p. 16—20, 1910. 
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tion. These ratios for the different years compared with the average 
ratio for the entire period offer an excellent basis for judging the 
seasonal conditions under which the experiments reported in this 
bulletin were conducted. 
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Fic. 2.—Graph showing the average monthly precipitation for the 22 years from 1892 

to 1913, inclusive, at Dickinson, N. Dak. 

WIND. 

The anemometer used at the Dickinson substation was not ob- 
tained until June, 1908, and for that reason the records of the wind 

for 1907 and for May, 1908, are not available. Complete records 

for April were not taken except for the years 1912 and 1913, when the 
averages were 8.4 and 9.4 miles, respectively. Since June, 1908, a 
complete record of the wind during four months of the growing 
season has been kept. The anemometer stands next to the evapora- 

- tion tank at a height of about 2 feet from the surface of the ground. 
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The average wind velocities in miles per hour during the months 

from May to August for the years 1908 to 1913, inclusive, are pre- 
sented in Table III. 

TABLE III.—Average wind velocity at the Dickinson substation, by months, 
from May to August for the years 1908 to 1913, inclusive. 

[Data (in miles per hour) from the records of the Biophysical Laboratory of the Bureau of Plant Industry.] 

Month. 1908 1909 1910 1911 1912 1913 | Average. 

EN RRR ee eer RSIS fe SO ee Re Ramet: 9.4 8.0 9.6 9.6 8.1 8.9 
JUNG 2 oe ne See Se eee Ee eee aie 8.9 7.0 6.7 Teo 6.6 7.9 7.4 
ah ae Roe ee eee on ee Ran Ae eee ars 4.9 5.6 6.1 Te) 5.6 6.4 6.0 
CANIS HISE o< 25s ee on ae Eee ee eee 5.9 4.9 5.4 6.4 Tih 5.5 5.8 

AVOTAGO se 2 Se eri gac en ase ekise Se oe 6.6 6.7 6.6 eth 7.2 7.0 7.0 

Table III shows the average wind velocity at Dickinson to be 7 

miles per hour from May 1 to August 31. It also shows that there 
is a general decrease in the velocity of the wind from May to August. 
The greatest seasonal velocity was recorded in 1911, which was the 
year of least rainfall and greatest evaporation. During July of that 
year protracted hot winds occurred, which caused the velocity for 
that month to be unusually high. The low yields recorded in 1911 
were due largely to injury to the growing crops by these winds. 

The wind for any one day (24 hours) very seldom exceeds a total of | 
500 miles, while the hourly velocity seldom exceeds 30 miles an hour. 
The wind is usually from the northwest or the southeast. 

TEMPERATURE. 

A maximum and minimum thermometer and a dry-bulb ther- 
mometer are in constant use at the substation during the summer 
months. A summary of the mean, maximum, and minimum tem- 
peratures during April to August, inclusive, for the past seven -years 
is presented in Table IV. 

TABLE I[V.—Summary of mean, maximum, and minimum temperatures at the 
Dickinson substation, by months, for the crop season (April to August) of 
the years 1907 to 1913, inclusive. 

[Data (in °F.) from the records of the Biophysical Laboratory of the Bureau of Plant Industry.] 

| | | 
| | 

| 

| April. May. June. July. August. 
| 

a |d i|¢ teal milae i | ¢ | Seasonal Year. 5 g | 5 : 5 : | 5 E mean, 
dlHIEle/Sl8le/Si8le/e isle) 41s 
Sal Si Sha | sis la is | Sale eas a | A 
aAalealial/azalezisal/aljsalisial/alelialaila 

69 |} 5] 43 | 74] 11 | 56] 86 | 30 | 64} 93 | 44] 64] 97 | 34 52 
88 |—6 | 49 | 74 | 20 | 59 | 88 | 37 | 70 | 97 | 40 | 64 | 100 | 27 58 
62 | 4] 51 | 86 | 20 | 62 | 94 | 41 | 67 | 93 | 46] 68 | 94} 38 56 
89 | 18 | 50 | 80 | 24 | 64 | 97 | 29 | 69 | 107 | 41 | 61 97 | 33 59 
87 | 6 | 52 | 86 | 23 | 65 | 97 | 41 | 66 | 101 | 37 | 60 | 95) 28 56 
75 | 16 | 52 | 82 | 32 | 61 | 97 | 32 | 65 | 91 | 36] 64) 87 | 41 57 
85 | 19 | 50 | 92 | 24 | 63 | 97 | 385 | 65 | 96) 40] 69 | 97 | 42 59 

TNA) ae a 31 | 79 | 91} 50 | 82} 22, 60 | 93 | 35 | 67 | 97 | 41 | 64] 95 | 35 57 
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Table IV shows that the highest average mean, maximum, and 
minimum temperatures have been recorded in July, and that in this 
month alone frost has not occurred. This table also shows that the 
average mean temperature for the different seasons varied but little 
from the 7-year average of 57° F. 

Table V gives the dates of the last spring and first fall frosts and 
the number of days in the frost-free period during each year from 
1907 to 1913, inclusive. The latest date on which frost has occurred 
in spring during the 7 years was June 5, in 1910 and 1912; the earliest 
frost in the fall during this period was on August 19, 1907. The 
average frost-free period for the 7 years is 99 days. 

TABLE V.—Dates of the last killing frosts in the spring and the first killing 
frosts in the fall at the Dickinson substation for the years 1907 to 1913, in- 
clusive; also the temperatures recorded and the length of the frost-free period 
for each year. 

{Data from the records of the Biophysical Laboratory of the Bureau of Plant Industry.] 

Last frost in spring.| First frost in fall. 

Frost- 
~ Year. : see 

: j Temper- Temper-| period. 
ae ature. Date. ature. 

alte cent Days 
[Te Se RAE Se preter ere inet Re ine cess ee ee a Om June 4 30 | Aug. 19 34 
LEGON S 1 Eas cc a aR a May 21 29 | Aug. 21 27 92 
TASC ce SC ge eae cea i eg e RY h May 17 32 | Sept. 14 34 120 
LSS a aS ce i a a ee June .5 29 | Sept. 8 28 95 
Pepi leases asec ah ok eRe ot eS He er eiaae Pee May 27 27 | Aug. 27 | 28 92 
11S 1 ise ee ie ete ee Sees oe eres June 5 -. 32 | Sept. 21 32 108 
ree ase ete Seed ine he ee. ee aes {:| May 21 32 | Sept. 10 | 30 112 : | ie eben 

ESS GUERRA aa a mee  ] ah Ma May i728} use Soe Sept: lie sahvees 99 

NATURE OF THE WORK. 

In all the varietal tests at Dickinson the primary object has been 
to determine the relative yielding power of the different varieties 
and to discover kinds better adapted than those ordinarily grown. 
Efforts have also been made to improve the yield of the leading 
varieties by selection and to find reasons for the existing variation 
in ylelds between different groups of varieties of the same cereal. In 
order to make these studies complete, it was necessary to divide the 

- work into plat and nursery experiments. The plat experiments -were 
designed to conform as nearly as possible to the best farm prac- 
tices in the northern Great Plains region. On these plats the crops 

were studied on an extensive scale. In the nursery tests, which were 
confined to short rows, the crops were studied intensively. The rows 
were uniformly spaced and a weighed quantity of seed was planted 
in each row. This method made possible the testing of a large num- 
ber of varieties and offered a means of making a study of a consider- 
able number of plants of each variety. 

62800°— Bull. 33—14——2 
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CONDITIONS OF THE PLAT EXPERIMENTS. 

DIMENSIONS OF THE PLATS. 

Most of the field tests were conducted on tenth-acre plats. These 
plats are mostly 24+ feet wide by 181.5 feet long, though a few are 
33 feet wide and 132 feet long. In some years, on account of lack 
of space or seed, the plats were one-twentieth acre in size, measuring 
12 by 181.5 feet cr 16.5 by 132 feet. The plats lay side by side in 
series, which extend both north and south and east and west. They 
are separated within the series by 3-foot alleys, while the series are 
separated by 16.5-foot roads. Each plat is thus bounded on the sides 
by a 3-foot alley and on the ends by a 16.5 foot road. A general view 
of the plats is shown in figure 3. 

Fic. 3.—General view of the varietal plats of cereals at the Dickinson substation in 

1910. 

TREATMENT OF THE PLATS. 

For the first year’s planting the land had been broken from virgin 
soil the previous spring and backset cr else worked down well with 
disk and harrow and kept free from weeds throughout the season. 

The following spring most of the land was double disked and har- 

rowed. In all cases, sufficient spring cultivation was given to put the 
Jand in good tilth and keep down the weeds. The treatment of the 
plats for each succeeding year is given in the discussion of each crop. 
Cultivated crops (corn or potatoes) are grown in alternate years on 
the plats used for the experiments with cereals. This system gives 
nearly as good results as would be given by a system of alternate 
cropping and fallowing, and much better results than continuous 
cropping to cereals. For the cultivated crop the land is spring 
plowed to a depth of about 8 inches, disked, and harrowed. The 
plats are harrowed at least once after planting to corn or potatoes, 
and frequent cultivations are given during the season, thus keeping 
them free from weeds. After removing the crop in the fall the land 

is usually harrowed. 



The plats are prepared for seeding to the cereals by double disking 
and harrowing. The seeding is done with a 6-foot single-disk drill. 

The disks are 6 inches apart, with a covering chain attached to each 

disk. The seed is sown as uniformly as possible at what is considered 

the best rate and covered to a depth of 2 to 3 inches. Before seeding, 
it is treated for smut with a solution containing 1 pound of formal- 
dehyde to 40 gallons of water. The wheat is sown as soon as the 
land can be put in proper tilth in the spring, which is nearly always 
possible by the middle of April. Oats and barley are usually sown 

a week or ten days later. 
When the plants are about 6 inches high, the plats are usually cul- 

tivated across the drill rows with a spring-tooth weeder. This imple- 
ment is very efficient in breaking the crust and is less severe on the 
young plants than the spike-tooth harrow. No further cultivation is 
given. The plats are rogued each year in order to keep the varieties 
as free as possible from mixtures. The harvesting is done with a 
binder. The bundles are shocked and allowed to stand on the fields 
for two to four weeks before they are thrashed. 

CEREAL EXPERIMENTS AT DICKINSON, N. DAK. 11 

CHECK PLATS. 

Check plats for determining the comparative or computed yields 
of the varieties have been used since 1908 in the varietal tests of wheat 
and since 1909 in those of oats and barley. These check plats, which 
are distributed through a series, are sown to the same variety and 
given identical treatment. In the series of wheat varieties, two check 
plats were sown in 1908 and three in 1909. The results indicated 
that a greater number of check plats should be used if any value was 
to be attached to the computed yields obtained by their use. In 1910 
the practice of planting every fifth plat to the same variety as a 
check was adopted, and since that time this method has been in use 
for all the varietal tests of wheat, oats, and barley. 

It was believed that the difference in yield of these check plats 

would show the variation of the soil throughout the series and that 
their average yield would equal the average yield of the variety 
used if it had been grown on the entire series. Then, by knowing 
the plat yield of a variety, its average yield per acre in terms of the 
check variety could be computed with reasonable accuracy. From 

the yield of the check plats distributed through the series, the 
rates of increase or decrease were computed for all plats. This dif- 

_ ference was added to the actual yield of the varieties or subtracted 
from it, as the case might be. A different method, which is con- 

sidered better, was used in 1912 and 1913. After obtaining the actual 
yield of all plats and the average yield of all checks, a graduated 

_ yield was figured for all plats from the yield of the different checks. 
~The actual yield is then divided by the graduated yield and the 
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quotient is multiplied by the average yield of all check plats. The 
two methods are more clearly shown in the following equations: 

FIRST METHOD. SECOND METHOD. 

r=at+(b—y). L=a—-y Xd, or aby. 

Wherein, @=actual yield of variety. 

b=average yield of all check plats. 

#=computed yield of variety. 

y=assumed yield of check. 

The check system as used at Dickinson has proved to be only 
fairly satisfactory. It affords a means of gaining a better idea of 
the relative yielding power of several varieties during certain seasons 
than would have been the case had no system designed for that pur- 
pose been used. In other seasons, however, the yields of the various 
check plats were influenced by so many uncontrollable factors (mois- 

ture, weeds, etc.) that to assume that any one of the other varieties 
would be affected by the same cause and to a like degree would be 
more of a theory than a determination. Usually the yields of the 
check plats were quite uniform; however, they sometimes varied as 
much as 50 to 100 per cent. A variety grown on a plat next to a 
high-yielding check plat will have a computed yield less than its 
actual yield. If next to a low-yielding check plat, the computed 
yield of the variety will exceed its actual yield. When the yield of 
a check plat is unusually high or low, the computed yield of varieties 
grown on.adjacent plats are unusually and sometimes unreasonably 
low or high. Such instances cause one to accept with caution results 
based on computed yields alone. It is thought that actual yields of 
a variety for a period of several years, especially when the variety 
is shifted to several different places on the farm, are fairly depend- 
able. For these reasons and because computed yields are not available 
for all years, the conclusions in this bulletin are based principally 
on the actual yields. The computed yields for those years in which 
they were determined are given for the purpose of comparison. 

VARIETAL TESTS. 

The plat tests have included a large number of varieties and strains 
of cereals imported from various parts of the world. Many of these 
were introduced during the early years of the work and have since 
been discarded. Those varieties which appeared to be best adapted 
to the conditions of western North Dakota in regard to yield, growth 
habits, utility, etc., have been continued in the trials, which have 
included 53 varieties and strains of spring wheat, 38 of spring oats, 
16 of spring barleys, and a number of varieties of winter wheat and 

rye, spring rye, and emmer. With some of these cereals the duration 

of the trials is too short to be conclusive, while with others some very 

satisfactory results have been obtained. 
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Rather complete data are taken upon the behavior of the different 
varieties. The quantity of grain actually sown upon the plat is de- 
termined by weighing the grain placed in the drill and that taken 
out after the plat is seeded. The difference in the two weighings 
is the actual quantity of grain sown. After the plants emerge and 
when it is certain no more will appear, the number of thousand plants 
to the acre is determined for each variety.1. Notes on the date of 
planting, emergence, heading, ripening, and harvesting each variety 

are also taken. At harvest time a small but representative sample of 
the grain from each plat is pulled and taken to the laboratory for 
further study. 
A small separator with an 18-inch cylinder is used in thrashing. 

The total weight of the crop and the weight of the thrashed grain 
from each plat are obtained. The weighings are made at the thrash- 

ing machine, one just before and the other immediately after the 
erain is thrashed. If the separator does not deliver the grain free 
from chaff and dirt, it is cleaned and reweighed. The weight of the 
grain is subtracted from the total weight of the crop, to determine the 
weight of the straw and chaff. The weight of grain and the weight 
of straw per plat are multiphed by the proper factor, to determine 
the yield in pounds per acre. The weight of grain divided by the 
standard weight per bushel of the crop gives the actual yield of grain 
to the acre. In the laboratory a study is made of the sample of grain 
taken from each plat. The percentage of rust infection, if any, is 
noted. The average height, head length, culms per plant, heads per 
plant, and grains per head of 10 plants from each plat are recorded. 
Small samples of grain of a portion of the wheat varieties are sent 
to the North Dakota Agricultural College, where milling and baking 
tests are made. 

WHEAT. 

Tt is well known that the northern Great Plains area is primarily 
a spring-wheat region. Practically no winter wheat is grown in west- 
ern North Dakota. Farmers have many times planted small areas 
to winter wheat only to have it killed during the winter or spring 
by freezing. The varietal tests of this crop at Dickinson have been 
confined almost entirely to the spring wheats. 

SPRING WHEAT. 

The annual and average yields in bushels per acre obtained in 
varietal tests with spring wheat at Dickinson from 1907 to 1913 are 

given in Table VI. The 1912 crop was entirely destroyed by hail; 
hence, the results of only six years are given. Check plats have been 
used since 1908. 

1For an explanation of the method used in making these determinations, see p. 22. 
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TABLE VI.—Actual (annual and average) yields of 538 varieties of wheat grown 
at the Dickinson substation, 1907 to 1918, inclusive.’ 

Actual yield per acre (bushels). pee 
r 

ee Variety. : = 7, ] A of : me ver- | vears 1907 | 1908 | 1909 | 1910 | 1911 | 1913 | “ee | crown. 

14403) Keabankacthe 0s Sh LUG. 36 23.5 BRE 7 14.9 3.8 26.7 23.1 
1517 | Ghinka Spree 22) sas. - 8 22.6 23.5 | 328.9 28. 6 39.5 | 426.6 2Bhe} 
S022" Riystine wifes: - see... 17.6 22.3 33 20.7 That 28. 1 21.6 
3314 | Crossbred Bluestem (N. Dak. 

INO 4318). SAREE Ree 8 Re te 18. 7 22.3 30.5 14.3 6.9 Dien 20 
S50 Sererod kare seer een 28. 4 18.8 36 PE ee aes lesen se 26.6 
1444 | Yellow Gharnovka.........-- 28.6 17.6 aBh if 15. Lees eles sees 23.8 
1493 | Arnautka (Wild Goose)-..... 28.4 24 36.5 TO ty|ewe teens lees 26. 2 
1494.)| Arnautkaees c4pe ees ee ee 26. 4 22.8 37 D344 rebel Foe || vie eras 27.4 
Poss | eClIsslenne see eee eee 5 al i .8 
2006 | Nicaragua 9 2 2 bi 
USS) | MRCol a eee eee eee ae 5 .8 He 
3020 a) 

169) reese yee oe eee -8 
2959 | Gatineau BS) 
1445 | Velvet Don 
1446 | Black Don 
1447 | Gharnovka 
1520 ; Beloturka. - 
1570 | Tagenrog.._. 
1597 | Medeah 

a hell oll oll KOM well hold Weld Ne hw nw) RR tO RE DN Wh eh ee Bp OD AnD 

8.6 8 itl 
3.7 9 ho) 

Pringle Ghamprir Deepest call es ac | En a | 6.4 24.8 15.6 
33195) (Webbe Pie 5 545 eh tae oa ek oneal | ee ale ee | 8.6 24.8 16.7 
BO20 ND CRULETININ Otte sate eee Reenter | st oem eee | 8 16.7 30.9 23. 8 
3321,;|) DipumNor ass SS oe oe AE = Soe | cars| 815.7 28.5 22.1 
B22) DURUM NOS OG yc e ne See See | eee [eee en Lee 815.8 28 21.9 
9328) Durum INO: F2. seep ler ea oe | eee Le ee | eee 816.7 25.8 21.3 
35283) PRestOmer ens BAe coe eee ee | eae eee | ese | ree eee | eee 9. 2 26. 2 17.7 
BRAY IM Ml ae(s16 Lal O04 (= eereene On Ps SRE MPes al Meee Ms S08) ibe Jue eae. Oo a 6.4 28.3 17.4 
SBLK WW Rigacts tees. 52 AMR se une ee AS We Be | a ee | Oe or Ta sence [teasers s 
3318 Geacded Bife (VWelveti@hatt).3|: oe ea Cae | ee | Bee oll eee Pot Pee 
3641 Marailisecs ee an pee eas sen GO peal te RES ee ae ae el | ieee ete YAGI | stake 
40643| “ArmanthaGP Tes cove sete neal ree ee ee | ese re | ae | SOL es ee 
2492)|; Maneburia = 95 2 252 ssPope 2 sete ol iste Seed eee eee Se eeee eee iH Pe LI | ees seen 

AN CAS Cisne a ee oe 23.8 5 BD 19. 4 8.0 26.8 22.0 

1 The i912 crop was entirely destroyed by hail; hence, 5 Average of 2 plats. 
this year is not included. 6 Destroyed by hail. 

2 Cereal investigations number. 7 Average of 6 plats. 
3 Average of 3 plats. 8 Not comparable with other 
4 Average of 4 plats. yields for 1911. 

The annual and average computed yields of the varieties based on 
the check yields are given in Table VII, with the average actual yield 
for comparison. The difference in the actual and computed yields 

may be considered in part as the probable experimental error due to 
the variation of the soil. During the six years 53 varieties or strains 
of wheat have been tested. In 1913 only 20 of the 53 varieties or 
strains were grown, 33 having been discarded. Of these 20 only 4 
have been grown during the entire period. The varieties are ar- 
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ranged in the table according to the year of their introduction into 
the tests. 

TABLE VII.—Computed (annual and average) yields of 40 vdrieties of wheat 
at the Dickinson substation, 1908 to 1913, inclusive, compared with the dwver- 
age actual yield for the same years. 
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Yield per acre (bushels). 

pe: Variety. Average. 
1908 1909 1910 1911 1913 

Com- 
puted Actual. 

Hea wae banikay 2 52582. 4. soe ee 23.2 31.9 20.4 24.7 
TalgamGuinkaispring=.....--52--5-------<--- 23.5 28.9 23.2 23.4 
BuoeneRvetiMoyMifes 22. scl lee. 23.5 33.4 23. 1 22.4 
3314 | Crossbred Bluestem (N. Dak. No. 318). 22.3 30.9 20 20.2 
HeoH0useererodka. 9... 255.52. .-. 8262-202 2- 17.8 34.5 24.9 25.9 
1444 | Yellow Gharnovka....-......-.-.-.-- 16.5 33.9 22.8 22.1 
1493 | Arnautka (Wild Goose)..-....-------- 23.4 35 25.3 25.4 
(adh |) Aad yb eee Oe eee eee eee 22.4 36 26.9 Dillan 
1584 23.4 29.6 Doo) 25.8 

, 2006 Onl. 37.9 26.1 26.2 
2088 20.5 33.6 27.1 27.9 
3020 22.3 30.5 26.4 PNT 
2959 | Gatineau_. SS acces NL yal SRN La ea Un a Meal nee hae 
1596 | Fretes._......- 19.6 25.3 22.5 22 
2398 | Galgalos.....-- 21 23.7 225 21.9 
3035 | Mexican No. 1... 22.5 27.1 24.8 24.3 
3036 | Mexican No. 2... Be |e Sse | Secs Sy Ncatete apache ly aes stor yatal vetaners (as sll eed eee 
4063 | Kubanka No. 8. 31.4 31.4 
3313 | Bowman....-.... Wee 20.3 
4065 | Kubanka No. 9......-.-.---- 34 [yee ue 24.9 24.4 
BOSelME Candedun ite. . soo. So awe eee Lay See ea ea 18.7 19.2 
POMOM MC UTI Tere MNS cated MNS Rit coon AN Miles SSE coy Uae hi Su Real ie Re) Aaa ad, Ae oll a be SulE) Shea 
SOS) |) WeW AOS cs sar nh i a ee aI aA a a lat es Sa ei ts Henri | eye ae 
SHO] |} UIGLACIS EU at es Se SS NM Vee EUR ees 2a es Mra | Pe oy | Vaan: ar eects Me Tene dee eae I Ae de 
37/0) |eseee CLO Re Bee Re een sana’ ry Wael || Soa leh oes Da a0 erat Lape eh [ee cle eee eS Li mc Hee 

COTE Cea eee an ars ee Vee Se ere Be | ne ae Slee tas oe ee OU ON we etmepall se eet cece eo eps ae 
IROLIS Pear SN nee ac rR Re SA ee UU, NR eee Soh lanea oh 

2874 | Haynes Bluestem (Minn. No. 169)....-|....... |..-----.]-------- 17.8 16.7 
SS) |] TEU ONA LSS s R  S BN ees eee sO a Rn ae 20.4 20.3 
SG || Paarl) Cloeyaiyo bhi Co asescsconccoeesbel|essbooslseoses 15.7 15.6 
Ro MAVWALIG OREO me wink Sane ees eal Li pally Soe His oe 17.4 16.7 
BSW AS) |) TERESINA Sh oes ey Sa a lt tl FS Ie a Lae 17.4 17.7 
Br) Yt LRN L TEA Ce SO Sea es ake aL ge re ere 16.6 17.4 
SRSILG/ Ibe Wag nes Se he BA A Eat SUN Ra SAE pat aa : res pS rad Tunes ease gate NUR ede ae 
SIBAD) | LD NGU aE TANG) LS ee a ee | at ME || Scere : Beet eect 
ileal | eIOUDIUITTD INO 314 ees etee ree tne has EO RI ee eae : =f os Sees 
3822 || IDDM ANOS Ws gececsascodetolse ease see Beeeeese |Weeesees! Ease sers : Fon sada| Se eteane 
3525) || IDWNONTNINO> (aa sesetame iucrs Soe ener S| AU een Eve eaet Beeeeees Bi) | See ee ne eee ees en 
3318 | Bearded Fife (Velvet Chaff)..........-)....... |...--...].------- i Sree emus en a 
SOA |) IMB NG ROLE Ses SESS epee CeO acter cote Serene aeaetn-tonl eno Soars ane AU oe Sil see | Meee 
AVAL || LATTA HUNT EGY ES ee eee es Serena ree ea re pre [Enea coed lee aea rye GE |e sree = [ees weet 
FAG || IN leva GL MBH) Sie he SS es he ee, i ee ate [OT TOUR Iie Ss ne Bay ; Soeaeea loser aaah 

In 1907, 1908, and 1909 the wheat was grown on new land which 

had been broken and backset the previous season. In succeeding 
years this crop usually followed potatoes, though some of the vari- 
eties were grown after corn in 1910 and 1911. The seed has ordi- 
narily been sown about April 15; in 1910, however, the date of seed- 
ing was March 29. Except in 1911, when about half the varieties 
were sown March 25 and the remainder about a month later, all 
varieties have been sown on the same date. In 1907 the common 
wheat was drilled at the rate of 5 pecks and the durum varieties at 
ithe rate of 6 pecks to the acre. These rates have been reduced gradu- 

ally, until in 1913 all varieties were sown at the rate of 50 pounds 
(34 pecks) to the acre. The size of the plats has usually been one- 
itenth or one-eleventh of an acre. 
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Table VI shows that the average yield in bushels per acre for all 
varieties of spring wheat tested at Dickinson in 1907 was 23.8; in 
1908, 21.5; in 1909, 32.3; in 1910, 19.4; im 1911, 8; and in 1913, 26.8. 

The average yield of all varieties for the six years was 22 bushels per 
acre. A comparison of the annual yields with the annual rainfall 
shows that moisture is the principal factor in determining yield. 

SUMMARY OF WHEAT YIELDS. 

In summing up the yields for all years, the leading varieties of 
each group of wheat were selected. Their actual and computed 
annual and average yields are given in Table VIII. They are repre- 
sentative varieties, improved by selection and the careful cleaning 
and grading of the seed. There are two great groups of spring 
wheat—the durum and the common. The varieties of spring com- 
mon wheat grown in the North-Central States may be divided into 
three groups—fife, bearded fife, and bluestem. At Dickinson the 
durum, fife, bearded fife, and bluestem varieties rank in yield in the 
order named. The average actual yield for six years (1907 to 1911 

and 1913) of the two leading durum varieties (Kubanka and Ar- 
nautka) is 11.5 per cent greater than the average yield of the two 
leading fife varieties (Ghirka Spring and Rysting) and 29.4 per 
cent greater than the average yield of the two leading bluestem vari- 
eties (Crossbred and Haynes). There is little difference in the yield 
of the fife and bearded fife varieties. 

TABLE VIII.—Actual and computed (annual and average) yields of seven stand- 
ard varieties of spring wheat grown at the Dickinson substation from 1907 to 

1913, inclusive. 

[The groups and varieties are arranged according to their actual and computed average yields.] 

Yield. per acre (bushels). 

| | Average., 
| | | | 

C.1. Group and variety | | ont 
No. ie J 6 R 3 

1907 | 1908 | 1909 | 1910 | 1911 | 1913 | years, | years, | years, 
1907 to | 1908 to} 1910, 

| | | 1911 1911 1911, 
| H and and and 

} 1913. 1913, 1913. 

ACTUAL YIELDS. 

Durum: 
1440 Kubanlalsigsat ee it sei se 36.0 | 23.5 | 43.2 19.9 BoP ole 26.2 24.3 18.2 
1494 AINE KA Ae Soe = cn oc eee a 26.4 | 22.8 | 37 23.4 | 23.2} 30.9 24 23.5 19, 2 

Fife: 
1517 Ghirka‘spring. ... =: -286)222-22 22.6 | 23.5 | 28.9 | 28.6 9.5 | 26.6 2300 23.4 21.6 
3022 YSHNE Ai Jos5. che. ee owe a 17.6 | 22.3 | 33 20.7 (ile 7teht 21.6 22.4 18.8 

Bearded fife: 
3081 Bearded File?.- -.4.- See --segee. 6 |p eee tee 23 OFA 2556" eae estes | seme 19.4 

Bluestem: 
3314 Crossbred (N. Dak. No. 318) -| 18.7 | 22.3 | 30.5 14.3 6.9 | 27.1 20 20. 2 16.1 
3020 Haynes (Minn. No. 169) 4...) 14 21.4 | 30 513.1] 8.6 | 24.8 1827 19.6 Ton 

1 For 1907 and 1998, Kubanka (C. I. No. 1410); for 1909 to 1913, Kubanka No. 8 (C. I. No. 4063), a pure- 
line selection from C. I. No. 1440 made at Dickinson, N. Dak. ; 

2 Tor 1907 to 1910, Arnautka (C. I. No. 1494); for 1913, Arnautka 6P1(C. I. No. 4046), a pure-line selection 
from C. I, No. 1494 made at Akron, Colo. 

8 Estimated from yield of Kubanka (C. I. No. 11440). 
4 For 1997 to 1909, Haynes Bluestem (C. J. No. 3020); for 1911 and 1913, Haynes Bluestem (C. I. No. 2870). 

These two lots of seed were from the same original source, the Minnesota Agricultural Experiment Station. 
5 Estimated from yield of Crossbred (C. I. No. 3314). 
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Yield per acre (bushels). 

Average. 

Gale i 
g Group and variety. No. Pp y 6 5 3 

1907 | 1908 | 1909 | 1910 | 1911 | 1913 | years, | years, | years, 
1907 to| 1908to} 1910, 
1911 1911 1911) 

| and and and 
1913. 1913. 1913. 

wes 36 

COMPUTED YIELDS. 

Durum: 
1440 LCi otal apa AEs oes art el ae le ee 23.2) | 42.5 19.9 DaiOd | tollendell Hecrrvee 24,2 18.4 
1494 ate PAMITIEL UN i seye 2a SS kA eee | Be whe 2 22.4 | 36 WRG! || Sey ai || BSG \eseeceoc 22.9 18.8 

ife: 
1517 Ghinkay Springs ses se 3s| Weegee PB || ASO P7S8s I CL a Ae lec enor 23.2 21.1 
3022 PRUNS DUM Oe ey epee oe trae ralot tse 23.5 | 33.4 21.6 9 Deol aleeena as 23.1 19.6 

Bearded fife: 
3081 IBeandedstiteses 5 fci.2 ssc cd sec nonlcieitece|ecescr NET ON OM S24 eas | oe see bears ai 18.7 

Bluestem: 
3314 Crossbred (N. Dak. No.318) -|_..... P28} || OL) {| idl GAGb|e2Siuer sess 20 15.5 
3020 Haynes (Minn. No. 169) 4..-|....-- 22.3:| 30.5 | 510.9 DGS \E20no mwas ieee 19.9 15.2 

1 For 1907 and 1908, Kubanka (C. I. No. 1440); for 1989 to 1913, Kubanka No. 8 (C. I. No. 4063), a pure- 
line selection from C. I. No. 1440 made at Dickinson, N. Dak. 

2¥For 1907 to 1910, Arnautka (C. I. No. 1494); for 1913, Arnautka 6P1(C. 1. No. 4046), a pure-line selection 
from C. I. No. 1494 made at. Akron, Cclo. 

3 Estimated from yield of Kukanka (C. I. No. 1440). 
4 For 1907 to 1909, Haynes Bluestem (C.1I. No. 3020); for 1911 and 1913, Haynes Bluestem (C. 1. No. 2870). 

These two lots of seed were from the sam2 origizalsource the Minnesota. Agricultural Experiment Station. 
5 Estimated from yield of Crossbred (C. I. No. 3314) 

Of all the varieties tested, a few of outstanding merit should be 
more widely known. With a full knowledge of each of the leading 
varieties, the individual farmer can decide which he prefers to grow. 
He can then, by careful cleaning and grading of the seed, maintain 
the quality of his crop and keep it above the average. 

THE DURUM GROUP. 

The Kubanka and Arnautka have proved to be the best of more 

than 20 varieties of durum wheat tested at Dickinson. These 
varieties are very similar in appearance. Both have long yellowish 
beards, smooth yellow chaff, and very hard, clear amber grain.t 
Kubanka—The Kubanka (C. I. No. 1440) is considered the best 

durum wheat for western North Dakota. The plants are taller than 

the spring common wheats. The heads are short and broad (fig. 4) 
and the grains large. This wheat was introduced into the United 
States from Russia in 1899 by Mr. M. A. Carleton, Cerealist of the 
United States Department of Agriculture. In the tests at Dickinson 
it has been one of the leading varieties nearly every year. Its 
superiority over other durum wheats was early recognized, and a 

number of pure-line selections were made in 1906 by Mr. L. R. 
Waldron. One of these, Kubanka No. 8 (C. I. No. 4063), has proved 

1For a more complete discussion of durum wheat, see Salmon, Cecil, and Clark, J. A., 

Durum wheat, U. S. Dept. Agr., Farmers’ Bul. 534, 16 p., 4 fig., 1913. 

62800°—Bull. 33—14——3 
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to be superior to the original strain. The yields obtained from this 
pure line are substituted for those of the original strain in Table 
VIII, and the average yield is therefore greater than that of the 
original stock shown in Tables VI and VII. Both C. I. No. 1440 
and C. I. No. 4063 have good milling qualities, but the volume of 
the loaf is comparatively small. (See Pl. I.) 

Arnautka.—The variety Arnautka (C. I. No. 1494) is typical 
of the durum wheat most commonly grown in North Dakota and 

South Dakota. It is better adapted to the eastern portion of these 
States. Arnautka is slightly taller than Kubanka, with longer, more 
slender heads (fig. 4) and longer grain. It originally came from 
Russia, where it is grown in the more humid territory bordering on 

Fic. 4.—Heads of eight varieties of wheat grown at the Dickinson substation: Durum 

group—(1) Kubanka No. 8 and (2) Arnautka 6P1; bearded fife group—(3) Bearded 

Fife; fife group—(4) Ghirka, (5) Rysting, and (6) Marquis; and bluestem group— 

(7) Crossbred and (8S) Haynes. 

the Sea of Azof. The stock grown at Dickinson was obtained by 
the United States Department cf Agriculture from Mr. T. N. Oium, 
Lisbon, N. Dak., in 1900. It has often been called Goose wheat or 
Wild Goose. The Arnautka wheat has yielded well in our trials, 
but is exceeded in yield by the Kubanka. A pure-line selection 
from Arnautka, Arnautka 6P1 (C. I. No. 4064), made at the Akron 
(Colo.) Experiment Farm has yielded better than the original va- 
riety and has been substituted for it in cur trials. In milling quality 
the Arnautka is inferior to the Kubanka. 

THE FIFE GROUP. 

Among the varieties of the fife group which have been tested at 

Dickinson the Ghirka Spring and the Rysting have given the best 
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yields. The Red Fife and Marquis are promising varieties which 

have recently been introduced into the trials at Dickinson. The 
appearance of these varieties is similar in many ways. They are 
beardless, with smooth, white glumes and dark-red kernels. 
Ghirka—The Ghirka wheat (C. I. No. 1517) differs from the other 

varieties in the fife group in that it has longer and lighter colored 
kernels and the grain is not so hard.. The heads of this wheat (fig. 4) 
are tapering, while those of other varieties of the group are more 
blunt. The leaves of the young growing plants are of a bluish green 
shade and the culm at the base of the head is tinged with purple. 
This wheat was obtained by the United States Department of Agri- 
culture at the Paris Exposition in 1900. Its original source was 
Grodno Province in western Russia. Many other importations of 
this variety of wheat have evidently been made by Russian imm1- 
grants, as there are thousands of acres of it grown in western North 
Dakota as “ Russian” wheat. In our trials through a series of years, 
the Ghirka wheat has outyielded all other varieties of common wheat. 
During the drier years it has yielded best. In years of more abun- 
dant rainfall, when wheat diseases are apt to be prevalent, the Ghirka 
suffers. This variety is inferior in milling quality to the other fife 
wheats. Breeding work was commenced with Ghirka wheat in 1910, 
when 300 head selections were made. A brief statement of the work 
already done toward improving the yield and the milling qualities 
of this variety is included in the discussion of nursery experiments. 
Red Fife—The Red Fife wheat (C. I. No. 3329) originated about 

60 years ago, being a chance discovery by Mr. David Fife, of Ontona- 
bee, Ontario.t It is the typical fife wheat which is grown generally 
throughout the spring-wheat area. The plants have a normal height 
of 38 to 36 inches. The head, which is fairly compact and broad, is 
borne quite erect on the strong straw. The glumes are very firm, 
short, and drawn together at the poit, which prevents shattering. 
The grain is of fine quality, short, broad, and very plump. By the 
careful selection and grading of this wheat a high standard of quality 
has been maintained. From it many strains and varieties have been 

originated. Among the principal varieties are the Glyndon Fife 
(Minn. No. 163), Power Fife, and Rysting Fife. These wheats have 
often been known collectively as Scotch Fife. During the two years 
the Red Fife has been grown in our trials it has yielded about the 
same as the Rysting, but the milling and baking tests have shown it 
to be superior in quality. 
Marquis—The Marquis wheat (C. I. No. 3641) was originated from 

a cross made by Dr. A. P. Saunders in 1892 between an early-ripen- 

1Saunders, William. Review of the work with wheat at the experimental farms, Jn 

Canada Dept. Agr., Exp. Farms, Rpt. 1903, p. 13, 1904. 
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ing Indian wheat (Hard Red Calcutta) and Red Fife. One of the 
varieties isolated from the progeny by Dr. C. E. Saunders, cerealist 
of the Central Experimental Farm at Ottawa, Canada, was named 
Marquis. This was first grown as a pure line in 1904. The plants are 
slightly shorter than the Red Fife, as are also the heads (fig. 4). 
The spikelets are more nearly square at the base and the grain is 
shorter and plumper. Experimental trials in Canada showed it to 
be especially well adapted to Saskatchewan, and its early ripening 
habits gave it an immense advantage over other varieties. Milling 
and baking tests showed that the flour was of excellent color and that 
it had high bread-making strength. Seed of this variety has been 
increased rapidly and distributed widely. It was first introduced into 
the trials at Dickinson in 1912, but the crep was destroyed by hail. 
In 1913 another lot cf seed was obtained from the experimental farm 
at Lethbridge, Alberta. It yielded about 4 bushels per acre less than 
Red Fife. Milling and baking tests showed that it ranked first in 
color, fourth in loaf volume, eleventh in yield of straight flour, and 
thirteenth in percentage of crude protein in the wheat when com- 
pared with 15 other samples of common wheats. 

THE BEARDED-FIVTE GROUP, 

All of the varieties in the bearded fife group included in the 

trials at Dickinson have been tested for only a short period. The 
leading varieties are Bearded Fife (C. I. No. 3081), Huron (C. I. 
No. 3315), and Preston (C. I. No. 3328). They are quite similar 
in appearance, all being bearded, with dark-red kernels. The chaff 
of Huron is light brown, while that of the others is white. They 
are known commercially in the hard spring-wheat district as “ velvet 
chaff.” This term, however, is wrongly apphed, as the chaff is 
smooth. 

Bearded Fife—The Bearded or “ Red ” Fife wheat (C. I. No. 3081) 

has yielded next to the Ghirka during the three years, 1910, 1911, and 
1913, in which yields have been obtained. The plants are shorter 
than the common fife wheats, as are also the heads, which have wide 

spreading awns (fig. 4) and glumes more open at the point. The 
Bearded Fife ripens earlier than the durum and bluestem wheats. 
but later than the Marquis and Ghirka. The origin of this variety 
is unknown. The stock used in the trial at Dickinson was obtained 
from the Dakota Improved Seed Co., of Mitchell, S. Dak. Milling 
and baking tests for a period of three years show it to possess good 
bread-making qualities. 
Huron.—The Huron wheat (C. I. No. 3315) during a 2-year trial 

has yielded better than the Bearded Fife. It is slightly taller and 
earlier than that variety. The Huron was originated by Dr. A. P. 
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Saunders from a cross made in 1888 between the Ladoga and Red 
Fife. The stock of this variety, as well as that of the Red Fife, Pres- 
ton, and Pringle Champlain, was obtained from the experimental 
farm at Brandon, Manitoba. 
Preston.—The Preston wheat (C. I. No. 3328) has yielded as well 

as the Bearded Fife during the two years tested. It is very similar 
tothe Huron. This wheat also was originated by Dr. Saunders from 
a cross between Ladoga and White Fife. It was first mentioned in 
the report of the Canadian Experimental Farms for 1893, since which 
time it has become a standard variety in Canada. 

THE BLUESTEM GROUP. 

Two varieties of the bluestem group, Crossbred (N. Dak. No. 318) 

and Haynes (Minn. No. 169), have been included in the trials at 
Dickinson. These varieties are quite similar in appearance, both 
being beardless, with white, hairy chaff and dark-red kernels. 
Taynes Bluestem.—The strain of Haynes Bluestem wheat known 

as Minnesota No. 169 (C. I. No. 3020) was originated by the Minne- 

sota Agricultural Experiment Station. It is a selection made in 1893 
-from Haynes Bluestem (Minn. No. 51). Two lots of seed of this 

variety were used in the trials at Dickinson, the first lot having been 

lost by hail. The variety is late in maturing, and for this reason it 
is not well adapted to the conditions at Dickinson. In only one 
year out of six has it outyielded the standard fife and durum 
varieties. It has, however, superior bread-making qualities. 

Crossbred Bluestem—tThe strain of bluestem wheat known as 
Crossbred Bluestem (N. Dak. No. 318, C. I. Nos. 3314 and 3695) was 
originated by Prof. W. M. Hays, of the North Dakota Agricultural 
Experiment Station, in 1893, from an incross between two plants of 
Glyndon 753, a bluestem wheat grown by the Minnesota Agricultural 
Experiment Station and represented by its Nos. 116, 157, and 478. 
It is shorter than the Haynes Bluestem and exceeds it shghtly in 
yield, but can not be distinguished by its appearance from other blue- 
stem wheats. It is more commonly grown in eastern North Dakota 
and is well adapted to that part of the State. 

As seen in Table VIII, the yield of the bluestem wheats is low, and 
their growth in western North Dakota should be discouraged rather 

than encouraged. 

MISCELLANEOUS DATA. 

In making comparisons of different varieties of spring wheat, other 
data than the grain yields are important. Table IX shows the com- 
parative behavior during the growing season of the varieties included 
in Table VIII. 
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TABLE I[X.—Average miscellaneous data for seven varieties of wheat grown at 
the Dickinson substation for periods of 3 to 6 years (1907 to 1913). 

[Superior index figures indicate the number of years during which the data were obtained when this 
number is less than the number of years in which the variety was grown. | 

x Average time S |Averageac-| & 
© Average date— to maturity a2 tualyield | © 
eS from— + 2s peracre. | 4 
ad sh af eb 

ee Group and variety.| ° E PE o &, Se 

. 5 Oh a ein eels. of 
2 Headed. | Ripe. 3 3 = o 8 4 E os 

8 S 5 Ben fear ined € 
a a a < < S || <q 

Durum: Days. | Days. | In Bu. | Cwt.| Lbs. 
1440 Kubanka....-. 6} July 7 | Aug. 13 125 37 39 |3380,000 | 26.2 | 21.1] 62 
1494 : Arnautka..... 5 | July 8] Aug. 16 125 39 4 42 |2390,000 | 28.1} 22.7] 61 

Fife: 
1517 Ghirka........ 6| July 6| Aug. 8] 120 31 34 |2 420,000 | 23.3 |517.3 | 60 
3022 Rysting ea Pee 6 | July 13 | Aug. 11 123 29 535 |3563,000 | 21.6 /417.8 | 57 
3081 | Bearded Fife...... 3| July 2] Aug. 1) i127 30 39 |8477,000 | 19.4 | 20.3] 61 

Bluestem: 
3314 Crossbred (N. 

Dak. No. 318)! 6 | July 14 | Aug. 13 125 30 33 |2550,000 | 20.0 |516.4 58 
3020 Haynes(Minn. 

No. 169)..... 5| July 13| Aug. 15] 124 33 36 |2470,000 | 19.8 |316.4| 57 

The stand, as used in Table TX, means the number of plants to 
the acre. This is determined shortly after emergence by counting 
the number of plants contained in a metal frame inclosing z)o9 
of an acre. Four counts are made to the plat, the total actual count 
being the number of plants on+z59 of an acre, or, conversely, the 
number of thousands of plants per acre. Several factors, such as 
the size of the grain and the viability of the seed, influence the stand. 
There seems to be no definite correlation between stand and yield 
within the limits of 300,000 to 600,000 plants per acre. 

Spring wheat is usually headed at Dickinson by the muddle of 
July and is ripe by the middle of August. Of the varieties included 
in Table IX, the Ghirka and Bearded Fife are the first to mature. 
The Marquis, a beardless fife, was the earlest maturing variety 

in 1918. This is an important factor for drought-resistant or 
drought-escaping cereals. The durum varieties head earlier than the 
ordinary fife and bluestem varieties, but require a longer period 

from heading to maturity and ripen at about the same time, 
The straw yields of the bearded fife varieties are less than those 

of the durums, but more than those of the beardless fifes and blue- 

stems. The same statement may be made with regard to the weight 
of grain per bushel. The average height of the spring wheats at 
Dickinson is about 3 feet. The height of the durum varieties 15 
greater than the average, while that of the bearded fife varieties 
is a trifle less. The average length of head is about 3 inches. The 
heads of the durum and bearded fife varieties are usually shorter 
than the average, while those of the fife and bluestem varieties 
are usually longer. The head length of the varieties within each 
group varies; for instance, the heads of the Arnautka average con- 

4 
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siderably longer than those of the Kubanka. Figure 4 shows the 
heads of some’of the more important varieties. The average number 
of heads to the:plant: produced by the different varieties is two, with 
an average of 25° kernels. each. 

MILLING: AND BAKING; TESTS. 

Although for four years: milling andi baking: tests have been made 
from grain of the wheat varieties grown at Iiileiconothioieaniecie: 

of mill was used only two years—1911 and 1913—and. the: results: for: 
the other two years are not directly comparable. The more impor-. 
tant data from the milling tests for 1911 and 1913 are given in Table: 

X. This table shows the yield of straight flour and the volume of 
loaf baked from the flour of several varieties of bluestem, durum, 
bearded fife, and fife wheats, together with the yield of grain per 
acre. The groups and varieties are arranged according to their 
average yields of straight flour. 

TABLE X.—Annual and average yields, percentages of straight flour, and volumes 

of loaves obtained from 15 varieties Ws wheat grown at the Dickinson, N. Dak., 
substation in 1911 and 1913. 

[The groups and varieties are arranged according to their average yields of straight flour. ] 

Yield per acre Yield of straight Volume of loaf 
(bushels). flour (per cent). | (cubic centimeters). 

cee Group and variety. : 

; Aver- Aver- Aver- 
1911 | 1913 age. 1911 1913 age. 1911 | 1913 age. 

Bluestem: | 
3314 Crossbred (N. Dak. No.318).| 6.9 | 27.1 | 17 72.5 | 73.1 | 72.8 | 2,320 | 2,213 | 2,267 
3020 Haynes (Minn. No. 169)..... 8.6 | 24.8 | 16.7 | 73.5 | 71.2 | 72.4 | 2,320 | 2,260 | 2,290 

Durum: 
4063 Kubanka No. 8..-.........- 3.5 | 31.2 | 17.4 | 75.1 | 72.7 | 73.9 | 1,950 | 1,995 | 1,973 
1440 iibanlca sere eee as 3.8 | 26.7 | 15.3 | 71.2 | 71.8 | 71.5 | 1,970 | 1,985 | 1,978 
4064 JNO RODE) le coencedoucsce||eocse= CULM) lcostostlascaucs GOES | passcoe|lasecuae 1,980 |...... 

Bearded fife: 
3315 PE PINOMW eee em sete stele 13.7 | 26.9 72.9 | 72 72.5 | 2,080 | 1,970 | 2,025 
3081 Bearded Fife. ..-. eospavesocs 9.7 | 25.6 | 17.7 | 71.9. | 70.7 | 71.3 | 2,275 | 2,170 | 2,223 
3316 | . Pringles Champlain......... 6.4 | 24.8 | 15.6 | 71.5 | 70.5 |} 71 2,150 | 2,020 | 2,090 
3328 IRTCS LOM Ss erates eine aero - 9.2 | 26.2 | 17.7 | 70.1 | 68.9 | 69 2,080 | 2,020 | 2,055 
3318 Bearded Fife (Velvet Chaff).|...... fests) leoucaad|jeccooes CONG Sl eso seo es asec BN loacooc 

Fife: 
3329 Rede Mife soa gases see eciske 6.4 | 28.3 | 17.4 | 73.8 | 71.8 | 72.8 | 2,150 | 2,220 | 2,185 
3319 WWihitesmifely ©. 55-45. -hwess 86 | 248 | 16.7 | 72.8 | 71.6 | 72.2 | 2,400 | 2,340 | 2,370 
3022 IR Stim gases see seo eae & 7.7 | 28.1 | 17.9 | 71.2 | 70.6 | 70.9 | 2,060 ; 2,000 | 2,030 
1517 Ginna eee eee esos tacit 9.5 | 26.6 | 18.1 | 68.7 | 65.3 | 67 2,150 | 2,270 | 2,210 
3641 IWiEiRe (bit Ca nesdecusaooeeseeselleososs Mis? \soacoocllesccace OE aN Saadacalsosaaee 220 On| series 

SUMMARY OF GROUPS 

luester Sha gee en snes smacwisios = 7.75 | 25.95 | 16.85 | 73 72.15 | 72.58 | 2,320 | 2,237 | 2,278 
MASeE Sts Cae ee eee ee ane 3.65 | 29.6 | 16.63 | 73.15 | 71.4 | 72.28 | 1,960 | 1,987 | 1,973 

Bearded fife’ 2 Pee UE ie ene aes 9.75 | 26.26 | 18 71.6 | 69.74 | 70.67 | 2,146 | 2,065 | 2,106 
Teo eee deme ee ee ae ee 8.05 | 26.4 | 17.23 | 71.62 | 69.7 | 70.66 | 2,190 | 2,216 | 2,203 

The bluestem group averaged the greatest percentage of flour, with 
the durums a close second. The bearded fife and fife varieties aver- 
aged practically the same, the yield being considerably less than 
that of the bluestems. The durum variety Kubanka No. 8 gave the 
highest average percentage of flour for any one variety, 73.9 per cent. 
Bakings, which were made in duplicate from these flours, showed the 
volume of the loaf of the bluestem varieties to be the largest, that 
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of the fife varieties next largest, with the bearded fife, and durums 
following in the order named. The fife variety White Fife (C. I. 
No. 3319) gave the greatest average volume (2,370 ¢. c.) to the loaf. 
The volume of the loaf, as well as the texture and other important 
factors, are shown in cross sections of these loaves of bread in Plate I. 
The average volume of loaf of four varieties of fife wheat in 1911 
was 2 per cent greater than that of four varieties of bearded fife 
wheat. In 1913 five varieties of fife wheat gave a loaf volume 7 per 
cent greater than five varieties of bearded fife wheat. An average 
for the two years gives a gain of 4.5 per cent in favor of fife wheat. 
The average yield of straight flour for the two classes of wheat was 
practically the same. 

WINTER WHEAT. 

Varietal tests with winter wheat were started in the fall of 1912. 
The results of only one year are therefore available. The trial in- 
cluded five varieties. Plantings were made in duplicate, one set being 
planted on fallowed land, the other on corn land with the cornstalks 
left standing. An average yield of 13.5 bushels per acre was obtained 
from the varieties planted on corn land and 4.7 bushels per acre from 
the same varieties planted on fallowed land. The standing corn- 
stalks caught the drifting snow during the winter, which resulted in 
giving a measure of protection to the wheat plants. Stand notes of 
plants per acre taken in the fall shortly after emergence, and again 
in the spring after the surviving plants had made some growth, 
showed an average survival for all varieties on the corn land to be 33 
per cent and on fallowed land 19 per cent. 

The varieties yielded according to their percentage of survival. 
The variety having the greatest survival was North Dakota No. 1997 
(C. I. No. 3084), a bearded variety of the Turkey type. The next 
most hardy variety was Beloglina (C. I. No. 15438), with Kharkof 
(C. I. No. 1583) and Turkey (C. I. No. 1571) following in the order 
named. Turkey wheat, which has been under trial for several years 
at Dickinson, has given indifferent results, the stand in all seasons 
being greatly reduced by winterkilling. Many different cultural 
methods have been used in an attempt to find a method of producing 
a profitable crop of winter wheat. In all cases either total or severe 
winterkilling has resulted. 

It is evident that North Dakota will continue to grow spring 
rather than winter wheat until different cultural methods from any 
now advocated are used or until hardier varieties or strains of winter 
wheat than any yet known are produced. 

OATS. 

The actual acre yields obtained from trials with 38 varieties of 
oats grown at Dickinson from 1907 to 1913 are presented in Table 
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XI. During four years of this period, 1909, 1911, 1912, and 1913, 
computed yields were figured from the use of check plats. These 
computed yields are given in Table XII, with average actual yields 
for comparison. 

The oats were sown in 1907, 1908, and 1909 on new land that 

had been broken the previous season. and before seeding had been 
worked down well with the disk and spike-tooth harrows. In 191U 
and succeeding years this crop was sown on spring-disked land on 
which corn had been grown the preceding year. The seed was sown 
about April 20 except in 1912, when seeding was delayed till May 
7. The usual rate of seeding has been 6 pecks to the acre. The 
worked down well with the disk and spike-tooth harrows. In 1910 
the later varieties were destroyed by hail. On July 11, 1912, the 
oats were severely injured by hail, but all varieties produced good 
yields of seed from the second growth except the White Russian, 
which did not mature. 

Taste XI.—Actual (annual and average) yields of 38 varieties of oats grown at 
the Dickinson substation, 1907 to 1913, inclusive. 

| Actual yield per acre (bushels). 
| Num- 

c I] Variety. l ber of 
0. | Aver- | Years 

1907 1908 1909 1910 | 1911 1912 1913 age grown. 
| | 

| | 
| 

134 | Swedish Select....... ABD ONE Soke 81.3 38. 1 | GQ |) ess || Gle@ 47.7 | 6 
GO) |) Teena eee epee 46.8 41.6 89.4 (2) 6. 2 65 48.1 49.5 6 
165 | Sixty-Day........... OO a |r 3 7a 45 LS || 2,9 || oD" Zi, 8 6 
AS Omens Oey je 2-5-3 (eer |)  ZBb Al Gales} 46.2 16.7 50.9 45 51.9 7 
493 | Golden Rain........ Bb 2 52.8 | 182.2 35.6 14.4 62.8 70.9 50. 6 7 
551 | White Russian... ---. 62.8 | 28 tiemOl Tor em (Cc) male eel aero (2) 53. 4 44.6 5 
754 | Early Mountain..---. 80.9} 36.8; 90 43.7 BES) sate eee | 51 5 
SOME e weet cose sc LAME 7AS)=1 lassie TPES) 79.8 (2) DS Sit papas hice | ee ora 52.3 4 
AG Tae OW Oreo snes - 52-8! 36 37.5 75.3 SOLO as tee ei Gell eee 8 ae 46. 4 4 
SAA Bees seers es LS 2 56.9 34.5 (ESCH Ses bese Gee set ee tone eet eae | 54.9 3 
Bl oad ec uaa Se Sep Oe ee 2, 77.8 (CR BERS ase | cl esses | GBS 3 
366 | Black Brie............| 68.1} 40.8 81.5 (C2 ae Fics eae Na eben es ee 63.5 3 
368) u@anadiam 0222) k 81.2 33.3 LS GH lle (2s | nce ies veer ee ewe 1 G2 3 
376 | Heine Prolific.......-. 63.1 40. 2 75 (C3) a lees Sete Ee the ae al (Sere fee 59.8 3 
378 | Beseler No. 1........- 63. 1 32 69.7 (2) Reva ees ar ical eee 54.9 3 
445 | White Tartarian..... 72.8 33.9 83.1 C(O) eel eres gyal PY fee ma ces 63.3 3 
483 | Shatilovsky........-- 23.1 44.1 82.6 (CA psi Nai = Be Pee hse pe 49.9 3 
Aji || le tyati ieee es eee ae 42.6 39. 2 73.5 (C2 ive aera esl (eee eae | Setyacs see 51.8 3 
496 | Black Bell..........- 47.8 36.6 AQ RON erecta cio ee cin teal ce a eeee eee 41.5 3 
497 | Black Mogul........- 50.9 46.6 77.8 (2) ei | Seite ne hn eR re ceed 22 58. 4 3 
495 | White Probsteier.....| 35.5 |..-.---- | 76.5 (2) pg Se eee [ees ieee 56 2 
SXG0) || G1 Bo) raha le ie oe ea fifeses AOS SH [ete rere ae neta ned ae | oer NE teas 55. 2 2 
BY) | ee ees cose ee eater ees Ferrey Asa Spsee A STS i | reer ey stone | mreeacterarallieeae ty ss Seale Sods Melia he Joes 47.7 2 
fe buleLOpOlske.<: = -5-22.226 Wor VAT Ee eis PHD eased Il ene MABE O RR Oe (hic Me See ere 1 
#56); Columpus:.--.252---- [ema ss 0 si Fs Slee aie | cay | eye (ta eer nc ee (a 1 
iG, |) Avance A benohiiele a). 2ORI esac aeelloseceose|seses a |e hers Sal aeerey ae (Rex an a 1 
LGSRI PAN ChICAMVBCAbye ele AOs4; [Pej cara stalete a cise risictetsra= lee crerictora| oe bets 2 2ni| teers cere lel se tsiate ore 1 
SHijn) LEG Gig pepe sBee Bee AB || coonece poccecodloeoocseee|| Soscamelleconoeac| baacccadlesceeene 1 
AM Rem saat csi = eee = D056) | eseeee ese tle eee aes aoa Rei el bm Lee « ses ee foie Bae 1 
AS Gn ce eee site ea eyar SE Ay Arete pareja syaietat= rete olafersied =) =ie)| = rem crerciay ate iets ea tise ates Hp cee 1 
AGAa| PAW MILESSEPTODSLelen== 3\\) 4474) 1E= cee EIR SS ee eis ce Saabs oe ee Sobes ll. dace cee 1 
OOM PWACLOLY brtece = siaseeccaeicccs 2s 42.5 88.3 (2) 8.9 59. 4 70.6 53.9 5 
Gagne bie hour) -.-- ss5eee feel cree 35.3 84. 7 (2) 7.9 60. 2 65. 6 50. 5 5 
552 | Regenerated Swedish 

Sills see ee ae odel baa aoace 35. 6 73.6 (C) Baa a eee Se SPE Seer 3 54.6 2 
GoORMoilverinine ss. 2.52 Sale seas oe\|eene mete 64.1 (2) 8.1 55.8 66.9 48.7 4 
CHimIINATONAIES.: 42 eee Ete eee ew Ss aes 5,2 (CD) hile tba Nabors || 2 hha a a 1 
TLAAD) |}. SPeGpetira Bie Ca a alos ecard 9 nes eee (2) 18 53.6 45 38.9 3 
Gab | PBarhyzMonntaim NOs |) bas .5|e2 a2 es leet ee (2) 311.3 58.6 | 467.3 45.7 3 

Average........- 53.6 39.5 75.8 40.5 10.8 56.1 57.9 47.7 

1 Average of 4 check plats. 2 Destroyed by hail. 
3 Average of 5 check plats. 4 Average of 6 check plats. 
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Table XI shows; that the average actual yield per acre of all 
varieties of oats grown in 1907 was 53.6 bushels; in 1908, 39.5 
bushels; in 1909, 75.8 bushels; in 1910, 40.5 bushels; in 1911, 10.8 
bushels; in 1912, 56.1 bushels; and-in 1913, 57.9 bushels. The aver- 
age of these averages for the seven years was 47.7 bushels. The 
variations in the average yields for the different years, due to the 
physical conditions, are about in the same proportion as were those 
in the average yields of the spring-wheat varieties. The cultural 
methods used were practically the same. 

TABLE XII.—Computed (annual and average) yields of 26 varieties of oats at 
the Dickinson substation, 1909 to 1913, inclusive, compared with the average 
actual yield for the same years. 

| Yield per acre (bushels). 

ve E Variety. Average. 

1909 1911 1912 1913 E 
om. 

puted Actual, 

14USwedishtSelect ww.cc cece eee oe eee See a )| aes} 9.8 52.3 68. 7 53 50.3 
160:|) Banners2a. 554.226 eee eas oe ee ees 87.9 8.2 63. 1 47.8 51.8 52.2 
N65 Ui Sixty=Daye csc cate nese ah omen a ae eee eee 23a 45.4 47.8 38. 8 35.7 
A5 Onl Koh ersone space tee ae SS eer eRe ere 80. 7 16. 4 bond 52.7. 51.3 48.5 
A03al (GoldensRains 2132 0-4 a oe yaaa ane eee 86.3 ine 62.2 69.7 57.4 58 
551 SWinibe Russian c <,- Spee ao Rae eS. Nee sees 80. 9 Rep aaosees 53.5 49.2 44 
754) |\eBarly Mountaineers eae eee eee 88.5 URLS epee erste ae 48.1 46.9 
BBG ior esse a Scams se sonia ote eae 80. 6 CM eee ree eal ea cree er 43.8 41.3 
AGW ATES O WO Sate see Sore eee eee ere ee Tid ill cone ae ee ee erate iN he o c ne 
Be oe aoe eee ae asm eas ome oie (ESO RpEpOeas Sanee ea lncesenen lanousLee||aoeasene 
354 ita: Sc: a Bo: Ao) el SP ae Soe eae 7QUOI:. < Sawa Cite eet Shed a8 eee 
366) | Black Brice. --2see- LOGE AE era e AED aac 80F ti Secasees ere ate Soa! |a<boaaee| Spe sssien 
368: Canadian.< 88.1 Ve eee ear hs oe in yee Lilt} eRe as eae tea bar Ek an ca Alla oa ae 
376)\ SblemevEroufice.=\-. eee ae een ae ee eee HA aE Pa Pe eI tile Coke len al Bern) ne 
378),|| Beseler Nov (es eee 0e V2 tM ie) be A ee ROWS g| Se Sasa Aerie Warne deus. sde sete vente 
445° White Martarianiece ty nee esa. ce eae Signe eeeeee Wos-S ne S Sal tae oejeerell eerste easeitiora's 
ARSE SHAUN OVSIY rains ie Heise ieee nc eric ete nee CPi ta) lagen Re Pencil ie Bors) asa Nais St" amine 
4919 || Elvitling 2 23/2256 oe cite Sao he Coie (an a) Mee es) ait weenie | Mexcawssiaicslf arenas ope 
4964, "BlackB ellen sass che ae se oe ee Se eee BENGE Sc rat Sit Ale neice ee teense al cetera | oo asthe 
AQT" Black: Mogulel esse eee bes ea Seah he oe ere 7 Ae Pla bal Pane erates See Us ei he | Si yet lu es 
495 | White Probsteler:c2c.c= is fa0 see 2a no eee rs yadien os secre na alle et a sethhs Sk acca Mane dee 
560) Victory ievsirsakidwenes sees aoe oc iae eee 87.3 Shall 60. 3 71.3 55.5 + 56.8 
658 Bip ours: shaogo ss bays eee ie ae 84. 2 12.3 59. 6 63.9 55 54. 6 
552 | Regenerated Swedish Select............-....-- (een eee es Serces sol iscsannal ls osc 52] Waearsee 
659) Silvermine= ast ease eciaee te eee oie 63. 9 7.6 53. 9 70. 4 A9 48.7 
170))| Perm. ....(garsscseceke ss cote oo ee Ree Dea ener 19 56. 3 55. 5 43. 6 38.9 
656))| Hanlys MonmitaiaiNOse2 meses eee eerste er eee eee 11.3 58. 7 67.3 45.8 45. 7 

1 The check plats of the 1910 crop were destroyed by hail; therefore no computed yields are given for that 
year. 

SUMMARY OF OAT YIELDS. 

The actual and computed annual and average yields of the leading 
varieties of each group of oats are given in Table XIII. Four 
groups of oats—medium early, medium late, early, and late—are 
represented, ranking in yield in the order named. The average 
actual yield for the seven years from 1907 to 1913 for the two leading 
medium-early varieties is 12.5 per cent greater than the average 
actual yield of the two leading early varieties. For the five years 
1908, 1909, and 1911 to 1913, the average actual yield of the leading 
medium-early variety is 13 per cent greater than that of the medium- 
late variety, 17 per cent greater than that of the leading early 
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variety, and 36.5 per cent greater than that of the late one. The 

same relative relation exists between the leading varieties of the 
different groups for the four years 1909, 1911, 1912, and 1913, when 
both the actual and computed yields can be compared. 

TABLE XIII.—Actual and computed (annual and average) yields of nine standard 
varieties of oats grown at the Dickinson substation, 1907 to 19138, inclusive. 

[The groups and varieties are arranged according to their actual and computed average yields.] 

Yield per acre (bushels). 

| | Average. 

| 
ag Group and variety. | | |. soe 

190 1908 1909 | 1910 | 1911 | 1912 | 1913 tf | 1908 ” | 907 | 19 9 9 9 9 9 years se ia 

| ie 1909, | 1911 to 
| | | | 1913 1911 to} 1913. 

| | alan O13 
| | [ae ss 
iret aire 

ACTUAL YIELDS. | | | 

Mediumearly: _ | | 
656 Early Mountain!.___. | 80.9 | 36.8] 90 43.7] 11.3 | 58.6 | 67.3 | 54.1 52.8 56.8 
493 Golden Rain.......... 35.2 | 52.8} 82.2 | 35.6 | 14.4 62.8 | 70.9 | 50.6 56.6 57.6 
560 Wi CTORVAs watias ue na oa Hee 42.5 88 rar pues B98) VO9E 4S ONG ee oes] 53.9 56.8 
658 IBie? ING IPS Soe SSB eebe ie varene 315158) Co Fe fis Wea 7.9 60R261652 G6) 222 oe 50.7 54.6 
134 Swedish Select........ 46.9 | 240.7 81.3 | 38.1 5.6 52.3 ; 61.9 | 46.8 48.4 50.3 

Medium late: | 
160 Soni TTI TIC ay ee 46.8 41.6 BOS A ee 6.2 | 65 ASM aril 50.1 52:2 

Warly: | 
459 IKehersonsn sees se eee a: 73.5 48.1 81.3 } 46.2 | 16.7 50.9 | 45 |! 51.9 48.4 48.5 
165 | Sib nyalDeAyos oe see soe e. 58. 2 37.2 | 273.6 | 45 22.8 42.2 | 42.2 | 45.8 43.3 45.2 

| Late: 
5d | White Russian. .._... GAG ep ik I Geb ey eee a We) Weciebs Wy Gece ee. 41.5 44.9 

COMPUTED YIELDS. 

| Medium early: | | 
493 | Golden’ Rain. .-.......  eetia seal tt et GB) Ise es DED 1G 22276 Opera |e eesti eee as 57.4 
656 Early Mountain !_.._. Ii ees ea SOHO ein 13} BN ee les seb elenobasse 56.5 
560 IVA CUORY Sse en seer [Mere ee yeereea’ reed ke me Bi AAP ee), Shall Hil Bao eee ale = 55.5, 
658 BEST MEL © UT ee es ase 2 Ue Fas ny etl nee ade SAO ee! GES IP east), Gh iy as}, a ee leeioee 55 
134 Swedish Select:.......|...2..!0.2.... St Stel ares OU SAE Dei OG sd rae ware eeecme ny 53 

Medium late: | 
160 EROTIC Tae aes coca eee [else SiON eae Salle Goelty leAtTev an | yore ellie ereneree 51.8 

Beely. | 
459 TaWGSASYOTa LS Seis wie a rere tes Monee hall eae eet SOW Inawecse TGA, -GsSi | BR Nosececlsee bse sl oilers 
165 SIS HVED Ey seer ates Soyo See aes PTY ay Sell AB a ASMA MATS EGE Sos Ser 2 | 47.4 

Late: | 
551 Waihi I RSibia Ses. ee kee ou ede SOL eae bes 18.33 || 258.7 || GELS eeoee- pee ne anc, 50. 4 

i i 

1 For 1907 to 1910, Early Mountain (C. I. No. 754); for 1911 to 1913, Early Mountain No. 2 (C. I. No. 656). 
2 Estimated from yields of the Early Mountain, Golden Rain, and Kherson varieties. 

LEADING VARIETIES. 

Of all the varieties tested, a few which have proved to be best 
adapted should be more generally grown. A knowledge of the 

characteristics of the leading varieties will enable the farmer to 
decide which is best for him to grow. There is a wide range in the 
time of maturity of the different varieties of oats, thus enabling the 
grower to choose the one which best fits into his farm practice. 

THE MEDIUM-EARLY GROUP. 

Of more than 30 varieties of medium-early oats which have been 
tested at Dickinson, the Early Mountain, Golden Rain, and Victory 
have so far proved superior. 
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Early Mountain—The Early Mountain oat (C. I. No. 754) was 
obtained by the Dickinson substation from Oscar H. Will & Co.. 
Bismarck, N. Dak.’ It has been under trial at Dickinson for seven 

years, during which time it has nearly always been one of the leading 
oats in yield. Several pure-line selections were made from this 
variety by Mr. L. R. Waldron in 1908, one of which, Early Moun- 

tain No. 2 (C. I. No. 656), proved superior and was substituted for 

the original stock in the varietal trials. It has given the highest aver- 
age yield of all varieties under trial for the 7-year period 1907 to 
1913; the third highest yield of all varieties tested in the five vears 
1908, 1909, and 1911 to 1913; and the second highest actual and com- 

Fic. 5.—Heads of four varieties of oats grown at the Dickinson substation: From 

left to right—(1) Early Mountain No. 2, (2) Victory, (8) Kherson, and (4) White 

Russian. 

puted yields for the 4-year period 1909 and 1911 to 1913. It is con- 
sidered one of the best yielding oats for western North Dakota. It 

has a broad-spreading open panicle (fig. 5). The spikelets, which 

are usually 2-grained, are small and short. The fairly large white 
erain is awnless or only occasionally awned. 

Golden Rain.—The Golden Rain oat (C. I. No. 493) is one of a 
number of varieties obtained from the Swedish Plant-Breeding Asso- 
ciation, Svalof, Sweden, by the United States Department of Agri- 
culture in March, 1907. It has been under trial at Dickinson for 
seven years. With the exception of the first year after introduction 

1The Farly Mountain oat was “imported a few years ago from the Castle Farm, 

Oberroslau, Unterroslau, Bavaria, and grown by Mr. John Yegen, near Bismarek, N. Dak. 

Will & Co., Oscar H. Annual Seed Catalog, 1914, p. 58. 
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it has always been one of the best yielding oats. For the seven years 
from 1907 to 1913, it ranks third in yield. It is first of all varieties 
in yield for the five years 1908, 1909, 1911, 1912, and 1913, with an 
average of 56.6 bushels. For the four years 1909, 1911, 1912, and 
1918, it is first in both actual and computed yield. This variety of 
oats should be better known and more widely grown. It succeeds on 
a great variety of soils. The straw is fine, but very strong. The 
panicle, though small, has numerous dense, erect branches. The ker- 
nels are golden, not especially attractive in appearance, but give the 
highest average weight per bushel cf all varieties tested. 

Victory.—The Victory cat (C. I. No. 560) was obtained in 1908 
from the same source as the Golden Rain. Like that variety it is 
a pure line, having been developed from a single plant. It is the 
leading white oat at Svalof. It has been on trial six years at Dick- 
inson, but the crop cne year was destroyed by hail. For the five 
years in which yields have been recorded it ranks next to the Golden 
Rain, with an average yield cf 2.7 bushels less than that variety. For 
the four years 1909 and 1911 to 1913, it has equaled the actual yield 
of the Early Mountain, but falls slightly below that variety in com- 
puted yield. The straw is perhaps stiffer than the Golden Rain, and 
it can therefore be grown on richer land without lodging. The 
panicle is rather small, but dense, with stiff branches. (Fig. 5.) The 
grain is white, of medivm size, short and broad, and only occasion- 
ally awned. 

THE MEDIUM-LATE GROUP. 

Only one medium-late variety has been continued in the trials at 
Dickinson. This variety, Banner (C. I. No. 160), requires about a 
week longer to mature than the medium-early varieties. It is an 
old and well-known variety and is typical of the oats generally grown 
in the State. The stock used in the trial was obtained from the 
experimental farm at Indian Head, Saskatchewan. The yields have 
been slightly above the average of all varieties tested. While it has 
yielded slightly more than the early varieties, it should not be recom- 
mended in preference to them, as its later maturity makes it more 
susceptible to loss by hail, drought, frost, etc. 

e 

THE EARLY GROUP. 

Early-maturing oats have yielded well at Dickinson, especially in 
the drier years. The most promising varieties of this group are the 
Kherson (C. I. No. 459) and the Sixty-Day (C. I. No. 165).1| These 
varieties are very similar in appearance, having short, slender straw, 

small, open panicles (fig. 5), and small, slender, yellowish white, 

awnless grain. Both varieties were obtained from southern Russia, 

1 Wor a full discussion of the Sixty-Day and Ixherson varieties of oats, see Warburton, 

C. W., “ Sixty-Day and Kherson oats,” U, 8S, Dept. Agr., Farmers’ Bul, 395, 27 p., 5 figs., 

1910, 
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the Kherson by the Nebraska Agricultural Experiment Station and 
the Sixty-Day by the United States Department of Agriculture. The 
Kherson, as shown in Table XIII, has outyielded the Sixty-Day in 

all years except one, and for the 7-year period from 1907 to 1913 
has exceeded it in yield by over 13 per cent. 

THE LATE GROUP, 

Late varieties of oats are not well adapted to western North 
Dakota. When not damaged by hail, drought, or frost, they yield 
fairly well. Those who wish their oats to mature after the wheat 
crop is harvested may prefer to grow the later varieties. One variety, 
the White Russian (C. I. No. 551), has been continued in the trial at 
Dickinson. The original seed was obtained from the North Dakota 
Agricultural Experiment Station at Fargo. It is a tall oat, pro- 
ducing a heavy, rank growth. The panicle is large, long, and one 
sided. (Fig. 5.) The grain is white, long, but well filled and plump. 
Unless late oats best fit the system of management on the individual 
farm, their growth should be discouraged in western North Dakota. 

MISCELLANEOUS DATA ON OATS. 

Some of the more significant data on the varieties of oats included 
in Table XIII are given in Table XIV. This table shows the com- 
parative behavior of the different varieties during the growing sea- 
son, as well as the yield of straw, weight per bushel, height, etc., 
which are important factors to be considered in making a compari- 
son between different varieties. 

TABLE XIV.—4Average miscellaneous data for nine varieties of odts grown at the 
Dickinson substation for periods of three to six years (1907 to 1973). 

[Superior index figures indicate the number of years in which the data were obtained when this number is 
less than the number cf years in which the variety was grown.] 

Growth factors (data for 1912 not = . 
included). : 3) 

: 2 Average a 
B 2 actual yield 5 

B, Average & eS ron a Cs 
1 Deane | LETT CL) : = a 

C.1, Group and variety. q BM RSIS maturity | 3 rf 5 
No. 2 | from— op ocsi, oll gine eanrige hoe 

oe | 3 | § 3 
a a - St E 
a op op 2 © ~) 

2 a) 8 | 2) @ eel evens ge § | Headed.| Ripe. q i o 5 = a B 
5 a ® > p a & 5 
A | Ay yy < x oS na <q 

Medium early: Days.|Days.| In. Bu. | Cwt. | Lbs. 
656 Early Mountain.| 7 | July 10} Aug. 13] 117 34 34 | 4542,000 | 54.1.)624.6] 34.8 
495 Golden Itain..... TE ]\ dle ail a ao 115 33 37 | £512,000 | 50.8 | > 25.4 37.8 
550. WiICtOLy se ecco Sy Apotlye aly Ne se(oloy 117 32 37 | 2460, 000 | 53.9 | 424.6 37.3 
658 Bip ours cess eee| Mee) auLULy alle eed Oeceee 117 33 34 | 3449,000 | 50.7 | 428.0] 35.6 
134 Swedish Select..| 6] July 9] Aug. 12] 116 33 | 536 | 4512,000 | 47.4 }521.1 |) 34.5 

Medium late: | | 
160 ™ Pp acuee Beate Stone 6} July 14} Aug. 19 123 36 35 | 2422,000 | 49.5 | © 27.5 34.6 

Harly: | | 
459 WnersOn eee see | ae7| July 2) Aug. 1 104 30 29 | 1545,000 | 51.9 |}619.0}] 33.6 
165 Sixty-Day....... | 6| July 1] July 31} 103] 30] 27 | 4649000 | 41.3 |516.3 | 33.4 

Late: 
551 White Russian..| 5] July 17} Aug. 24] 128 38 36 | 2443,000 | 44.6 | 23.5] 36.9 

| ’ 
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_ Table XIV shows that the early varieties, the Kherson and Sixty- 
‘Day, matured in about 103 days after planting. The medium-early 
yarieties, such as the Early Mountain and Victory, mature in about 
‘117 days, the medium-late variety, Banner, in 123 days, and the late 
yariety, White Russian, in 128 days. The average date of heading 
for the medium-early varieties is July 11 and the average date of 

_ ripening August 13. The early varieties mature about two weeks 
earlier and the medium-late and late varieties 6 and 11 days later, 

_ respectively. The time of maturing is an important feature to be 
- considered with the oat crop. Early varieties often escape climatic 
‘conditions, such as hail and hot winds, that seriously injure later 
varieties. 

The average height of the early varieties is about 28 inches, which 
_ gives sufficient length of straw for binding. The average height of 
_ the other varieties is about 36 inches. Stand notes which have been 
_ taken for a number of years show no definite correlation with yield 
between the different varieties. The early varieties yield less straw 
than the later ones; hence, the latter are to be preferred when the 
_ straw is to be used for feed. The earlier varieties also usually weigh 
less to the measured bushel. The medium-early varieties, however, 
_ yield well in straw and the weight per bushel is high. 

BARLEY. 

_ The varietal trials of barley have been conducted in much the same 
manner as those of wheat and oats. In 1907 and 1908 the barley . 
_ varieties were grown on new land which had been broken the previous 
year. In 1909 and in succeeding years they were grown on corn land 
: disked just previous to seeding. The usual date of seeding has been 
about April 20, though in 1912 the seed was not sown till May 8. 
The rate of seeding has varied from 8 pecks to the acre in 1907 and 

4 1908 to 5 pecks in 1912 and 1913. In 1912 the second growth, which 
"was produced after the hailstorm of July 11, matured seed, but only 
_ four varieties were thrashed because of lack of help. 
The actual acre yields obtained from 16 varieties grown at Dickin- 
son from 1907 to 1913 are presented in Table XV. 

: 
+ 

, TasLte XV.—Actual (annual and average) yields of 16 varieties of barley grown 
at the Dickinson substaticn, 1907 to 1913, inclusive. 

Actual yield per acre (bushels). Num- 

7 ay Variety. re BenGk 

1907 | 1908 | 1909 | 1910 | 1911 | 1912 | 1913 | “Zhe, | grown. 

Rebbe... 22.5. 2b. eee cane 28.5 | 39.8 | 34.8|17 | 46 | 31.4 | 34.9 7 
262 | Nepal 1 22.1} 24.1/23 | 8.4] (2) | 20.9 | 23.3 6 
(575 | Gatami 31.4] 27.9| 34.5 |11.9| @) | 27-5 | 283 6 
Be 865 | Manchur 27.9 | 30.2 | 2 7.8| (2) | 30.6 | 23.5 6 
289 | Imperial... Ears oe Te || poor on SONS em ys Pena ee tess foc [ones 34.5 3 
Mme Syarhals.....-...2...2.22222----.---)-..-.-1 39.4 | 44.9 1334.8] 8.2! (2) | 41.11 33.7 5 

_ 1 For comparison, the yields of the naked varieties are given in bushels of 48 pounds. The actual yield 
in bushels of 60 pounds, the standard weight, would be one-fifth less. 

2 Yields not recorded. 3 Average of 4 check plats. 
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TABLE XV.—Actual (annual and average) yields of 16 varieties of barley grown 
at the Dichkinsen substation, 1907 to 1913, inclusive—Continued. 

i Actual yi_ld per acre (bushels). Num- 

a Variety. ber of 
: = | | Aver-| Years 

1907 | 1908 | 1909 | 1910 | 1911 | 1912 | 1913 ‘age. eTown. 

oll ell oon NOM ow orn or) 

ASVOLI OG! jas tne eee ce a ee ce Seg 

1 Average of 3 check plats. 
2 Destroyed by hail. 
3 For comparison, the yields of the naked varieties are given in bushels of 48 pounds. The actual yield 

in bushels of CO pounds, the standard weight, would be one-fifth less. 
# Yield not recorded. 

During four years of this period (1909 to 1911 and 1913), computed 
yields were figured frem the use of check plats. The computed 
yields are given in Table XVI, with the average actual yields for 
comparison. ; 

TABLE XVI.—Computed (annual and average) yields of 16 varieties of barley 
grown at the Dickinson substation, 1909 to 1913, inclusive,* compared with 
the average actual yield for the same years. 

| Computed yields per acre (bushels). 

C.1| mea | Average 
No Variety. | actual 

| 1909 | 1910 | 1911 | 1913 | Aver | yield. age. 

203 || Hanna ss 25: . senere Ge a 28 he See eee 46 31 15 28.8 34.6 34 
2O25 INC DAL? tes sas moh bac ree eae as) sea ere a eer 23 25 14.5 22.5 21.3 19.1 
SYS ME Leh os Reet ee ee ee eas See ais sont 31.2 38.3 9 28.9 26.9 26.5 
863" | Maichitiniae: Seen See oe eek noo ee a eee ee 27.8 23.8 6.1 30.7 21.6 24.2 
2804 MIM MeniBlios iro 8 ee ee Re Ee 38) ho l.« Ssebee| SS eR eee 38 40.4 
187 46.8 34.8 8.1 40 32.4 32.3 
531 48. 7 30.6 15.2 35 33.6 33:6 
532 37 33. 2 9.8 40.3 30.1 32.1 
537 27.6 D159) |e ree Sos Ee ee 24.8 26.8 
B20 Ni UETINGESS yah. sce cere eee rss ee as ae one eee 43.3) || 22 ae 555 | Seca ees | See ene 43.3 38.5 
5301) (Chevalier (iL te ee ee cee eee AZHB) ic 324.2 BIE bey eee: ee eee 43.3 45.8 
6260 Califormde. =: acsen see cee sen sas gaa Eee Eee lsecenace 31.1 10.3 28. 4 23.3 23.9 
616) | Hamesh.4. oc ashes ee ene eee eee ee |e eeeease 19.6 i ie aoe cee 12.3) 9.1 
5071|Boehme tHoodedis-2 5 he ay ee ese a ee ae eee 26: Ola oe Se eee | Pees 26.9 27.1 
5fol| White Selectiones:seses.-cscn actocect eee cee eee aneee PAY eee se (oes see 21 19.5 
Hea iSangatsiikar2 eos tS en elses ene nea ener | eee i! oe AE Ps eee oe 6.5 3.4 

1 The cheex plats in 1912 were not thrashed; therefore, no computed yi-lds are given for that year. 
2 For comparison, the yields of the naked varieties are given in bushels of 48 pounds. The actual yield 

in bushels of 60 pounds, the standard weight, would be one-fifth less. 

Table XV shows that the average actual yield of all varieties 
grown in 1997 was 35.5 bushels; in 1908, 30.5 bushels; in 1909, 37 
bushels; in 1910, 28.7 bushels; in 1911, 10 bushels; in 1912, 38.4 
bushels; in 1913, 32 bushels; and for the 7-year period, 30.3 bushels. 

SUMMARY OF BARLEY YIELDS. 

In summarizing the barley yields the leading varieties of each 
group represented in the trial were selected. The actual and com- 
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; puted annual and average yields of these varieties are given in 

Table XVII. 

q TABLE XVII.—Annual and average yields of seven standard varieties of barley 
if grown at the Dickinson substation, 1907 to 1913, inclusive. 

[The groups and varieties ave arranged according to their actual and computed average yields.] 

Yields per acre (bushels). 

| Average. 

Se Ee Group and variety. | , l yee 

: 5 | | 6 years,| 5 years, 4 years, 
1907 | 1908 | 1909 1910 | 1911 | 1912 | 1913 | 1907 to” 1908 to | 1909 to. 

| 1911 1911 19:1 
and and and 
1913. | 1913. 1913, 

ACTUAL YIELDS. 

2-rowed hulled: 
531 annehenesss 25.2552 (.22 2. Silom || Aer | Bi ai) Tee ahr |) BER) lise te oe 34.4 33.6 
187 Shyness Ses Mes ae ee eee 39.4 | 44.9 | 34.8 e775 eee Ale Wee ae BBL 32.3 
532 IBEMIN Sees cts e S222 || Gene 2 OES Oa tpoOria lela rom Asli ADend || eee 31.5 32.1 
203 Je iphan dyes aaa ae oe 46.8 | 28.5 | 39.8 | 34.8 | 17.0 | 46.0 | 31.4 B8e il 30.3 30.8 

6-rowed hulled: 
575 (Gaiam ieee as Seema OUR Elli eiliate |e) eveGy (SiH le@) Leen o 27.5 28.3 26.6 DED 
863 Manchuria_.....-2:--.- 16.5 ; 27.9 ; 39.2 | 28.0 lS ose 30.6 23.5 24.9 24.2 

6-rowed naked: 
262 INGpabe ss saa hee cade AYO) OO TE POZE WWORE(O) I feb bar ce 20.9 23.2 19.7 19.1 

COMPUTED YIELDS. 

2-rowed hulled: 
531 Ilan ch enme. seers Ses | seiaaal sen aes WoT | BO! MH lense BO) eaesoea San ocse 33.6 
187 Shyzallavei ieee Be ee co el Se eee 46.8 | 34.8 fA ah ee ae AQUOS | Se sees ere nee 32.4 
203 Te lenarieays 6 eM ae eae el ie oe 46.0 | 31 15S On| PAS s3s| (A Ree tee rs ees 30.2 
532 TPAp ito a SFIS a he enteral lene ere ee nee SOM SSO ee Oo os| eee AQ Soil ae ete pel] Be ae 30.1 

6-rowed hulled: 
575 (Giieiistiss = Sere Se el (eer ales Pb eacanieg ail. Wyle Rihea BON eis 43 Oe Seren ctal Peers 26.9 
863 Minna eh iasee ye ar ne eee |e Dele Doe Ore Ove) |e as 300s | ese eS 21.6 

6-rowed naked: ; 
262 ING aaa erat eee a BEE AR EO Nay Zee pis were Popa |) Se ese eos | Mase ear ates | PAL 

1 For comnarison, the yield of this naked variety is given in bushels of 48 pounds. The actual yield in 
bushels of 60 pounds, the standard weight, would be one-fifth less. 

‘Table XVII includes four varieties of 2-rowed hulled, two of 
6-rowed hulled, and one of 6-rowed naked barley. The 2-rowed 
barleys have outyielded the 6-rowed in all the years they have been 
tested. In a 5-year period (1908 to 1911 and 1913) the two leading 
2-rowed varieties have an actual average yield 34 per cent greater 
than that of the two leading 6-rowed hulled varieties and 75 per 
cent greater than that of the 6-rowed naked variety. In the four 
years 1909 to 1911 and 1913, the average actual yield of the leading 
2-rowed variety is 32 per cent greater than that of the leading 
6-rowed hulled variety and 76 per cent greater than that of the 
6-rowed naked variety. The average computed yield of the leading 
2-rowed variety for the same period is 25 per cent greater than that 
of the leading 6-rowed hulled variety and 58 per cent greater than 
that of the naked variety. 
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LEADING VARIETIES. 

Of all the varieties tested, the 2-rowed varieties Hannchen and 
Svanhals have proved best adapted to the conditions at Dickinson. 

THER 2-ROWED HULLED GROUP, 

Hannchen.—The Hannchen barley (C. I. No. 531) was obtained by 
the United States Department of Agriculture in 1904 from the 
Swedish Plant-Breeding Association, Svalof, Sweden. This pedi- 
greed variety was originated at Svalof. It is a selection from the 

Ic. G—Heads of five varieties of barley grown at the Dickinson substation: From 

- left to right—-(1) Svanhals, (2) Hannehen, (3) Gatami, (4) Manchuria, and (5) 

Nepal. 

Hanna variety, which was imported from the famous barley district 
of that name in Mahren, Austria. On account of its relatively small 
straw and sparse leaf development it can withstand drier weather 
than most varieties. It has been under trial at Dickinson six years 
(1908 to 1913) and during that period has given the highest average 
yields of all varieties tested, 35.2 bushels to the acre. The parent 
variety, Hanna, during the same period has averaged 32.9 bushels, 
a gain of 7 per cent in favor of the pedigreed variety. 
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The Hannchen is considered the best variety for western North 
Dakota. Besides giving a relatively high yield of grain, it is early 
in maturing, with strong straw and a high weight per measured 
bushel. The head is small, but compact. (Fig. 6.) The awns, 
which are slightly tinged with brown, sometimes fall off at maturity. 
The kernels are rather long, but of good form, very light colored, 
and extremely finely wrinkled. 
Svanhals—The Svanhals barley (C. I. No. 187) was obtained by 

the United States Department of Agriculture from Svalof, Sweden, 
in 1901. Its name translated into English is Swan Neck, and in some 
localities it is so known. ‘This variety has broad, dense heads and 
yellowish white grain. 

The Svanhals, ike the Hannchen, originated at Svalof. It is a 
selection from the Diamond, an unfixed product of a cross between a 
nutant form (probably Chevalier) and Imperial. It is a sister va- 
riety of the Primus (C. I. No. 532). The head is broad and arching; 
hence, the name Swan Neck. 
During the 5-year period (1908 to 1911 and 1913) it has been 

grown at Dickinson it has given an average yield of 33.7 bushels, 
which is only 2 per cent less than that of Hannchen, the highest 
yielding variety. 

THE 6-ROWED HULLED GROUP. 

The 6-rowed varieties of barley have given relatively low yields 
each year at Dickinson. The leading 6-rowed barley is Gatami 
(C. I. No. 575), a black variety which in 1907 was obtained by the 
United States Department of Agriculture from Manchuria. It has 
outyielded the ordinary 6-rowed varieties each year except 1909, a 
year of plentiful rainfall. During the six years 1907 to 1911 and 
1913 it has outyielded Manchuria (C. I. No. 863), the standard 6- 
rowed variety, by 20 per cent. During three years, 1908 to 1910, it 
outyielded Oderbrucker (C. I. No. 537), another 6-rowed variety, 
by 24 per cent. The Gatami is very early in maturing, and it is 
probably for this reason that it outyields the other 6-rowed varie- 
ties. During the five years 1908 to 1911 and 1913 it has yielded 29 
per cent less than Hannchen, the highest yielding 2-rowed variety. 
The Manchuria barley yielded 38 per cent less than Hannchen in 
the same period. 

THE 6-ROWED NAKED GROUP. 

The naked varieties of barley produced comparatively small yields 
each year at Dickinson. One variety, Nepal (C. I. No. 262), has 
been continued throughout the trial and has produced an average 
yield about equal to that of Manchuria. There are several different 

_ forms of naked barley. C. I. No. 262 is of the 6-rowed hooded 
type (fig. 6). Naked varieties are not to be recommended for 
growing in western North Dakota. 
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MISCELLANEOUS DATA ON BARLEY. 

Some of the more important data on the varieties of barley in- 
cluded in Table XVII are given in Table XVIII. The data were 
obtained in the same manner as similar data upon the wheat and oat 
varieties. Table X VIII shows the comparative behavior of the dif- 
ferent varieties during the growing season, as well as the yield of 
straw and grain, weight per bushel, height, and stand. 

TABLE XVIII.—Average miscellaneous data on seven varieties of barley grown 
at the Dickinson substation for periods of three to seven years (1907 to 1913). 

(Superior index figures indicate the number of years in which the data were obtained when this number is 
less than the number of years in which the variety was grown. For comparison, the yield of the 6-rowed 
naked variety is given in bushels of 48 pounds. The actual yield in bushels of 60 pounds, the standard 
weight, would be one-fifth less.] 

| | ty 

Growth factors (data for 1912 | | z 
not included). ) a 

ei a 4 Average | G 
| 5 E actual | 5 
| © Averase a | yield 1 bies 
| oo , ime to es er acre. = Average date— F | 3 Pp 

C. I. Group and variety. x BREE maturity | |; 22 B 
No. | & from— iS r=) aS) 

}) Pa ys) as bb 
haces Auteas ‘o G A ae © 

| = J za B 
(2 | Ste ae 50 Sp ibe gee) Bb 
|'— | Headed. Ripe. ill 3 | & g oe |g 
fas AS > 5 ms B = 
|G | ; a < < BxXS | n < 

Pra it ae | 

2-rowed common: | Days. Days.| In. Bu. | Cwt.| Lbs. 
531 Hannchen.......- | 6| July 7] Aug. 3 104 27 25 | 4512,000|] 35.2 | 17.4] 49.6 
187 Svanhals......... | 5] July 51] July 28) 104 23 27 | 3 499,000] 33.7] 16.1] 48.4 
203 Igbo asse 71 July 7] Aug. 7} 109 31 26 | 4538,000} 34.9 | 19.8} 495 
532 IPEMMUS S52 o- eeee 6] July 8] Aug. 6 107 29 26 | 4535, 000 | 33.2 | 19 49.2 

6-rowed common: 
575 Gatanmieesseo seer 6 | June 28] July 28 99 30 26 | ?669,000} 28.3 [512.8] 49.3 
863 Manchuria......-- | 6] July 4] Aug. 4 104 31 32 | 3551,000| 23.5 | 17.4 | 5 48 

6-rowed naked: | 
262 Nepali-eeae- == -Eee | 6] July 2) Aug. 4 104 33 26 | 3 420,000} 23.2 | 17.4 | 61.8 

} 

Table XVIII shows that the barley varieties are all headed by 
July 8 and ripe a month later, most of them requiring about 104 
days from planting to maturity. The Gatami is the earliest variety, 
requiring only 99 days from planting to maturity. The Hannchen 
and Svanhals are the earliest 2-rowed varieties. The average height 
of all varieties is about 27 inches. The Manchuria is the tallest 
variety, with an average height of 32 inches, while the Hannchen is 
the shortest, averaging only 25 inches. This is sufficient, however, to 
permit binding with the ordinary harvesting machinery. Stand 
notes for a number of years show no definite correlation to yield. 
The yield of straw is correlated with the length of the growing 
period, the later varieties producing the largest yield of straw. The 
highest average weight per measured bushel is 49.6 pounds for the 
Hannchen variety. 

MISCELLANEOUS CEREALS. 

A number of other cereal crops have been tested at Dickinson 
during some of the years covered by this report. They are emmer, 
winter rye, spring rye, flax, proso, and grain sorghum. 
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EM MER. 

Three varieties of spring emmer were grown during the 3-year 
period 1907 to 1909. The highest average acre yield was 50.1 bushels 
for the Yaroslav (C. I. No. 1526). This variety has been continued, 
but in 1910 and 1912 the crop was destroyed by hail. It has produced 
an average acre yield of 46.2 bushels for five years (1907 to 1909, 1911, 
and 1913). The yield of emmer was computed at 40 pounds per 
bushel. The annual and average yields of grain in pounds per acre. 
with that of the leading varieties of oats, barley, and wheat, are 
given in Table XIX. 

TABLE XIX.—Annual and average yields of leading varieties of emmer, oats, 
barley, and wheat at Dickinson, N. Dak., in 1907 to 1909, 1911, and 1913. 

Yield of grain per acre (pounds). 

e I Variety. 
to) Aver- 1907 | 1908 | 1909 | 191% | 1913 | “3oer ge. 

s 
| | 

mM Maroslav emmer... 200.060...) eb ee: 1,952 | 1,180} 2,880] 1,080] 2,150 | 1, 848 
656 | Early Mountain oats...................-------- 2,589 | 1,178| 2,880 362 | 2,154] | 1,833 
Puselerarinia batleyon eee ne ec) ee 2,246 | 1,368 | 1,910 816 | 1,507 | 1,569 
HAA ON wKcrbamikacwheate rc: 62255 to Pee ae! 2,160 | 1,410} 2,022 228 | 1,602) 1,484 

Table XIX shows that the Yaroslav emmer gave a higher average 
acre yield of grain for the five years than Early Mountain oats, 
Hanna barley, or Kubanka wheat. Upon actual food content the 
yield of wheat is considerably more than the figures indicate, as a 

certain percentage of the emmer, oats, and barley grain is composed 
of hull. 

RYE. 

Tests with both winter and spring rye have been conducted at 
Dickinson for several years. With the exception of one year (1913) 
the results are of little or no value, the crop having been destroyed 
or badly damaged by hail. In 1918 three varieties of winter rye 
and one variety of spring rye were grown. They were sown on land 
which had been cropped to corn in 1912. The following acre yields 
of grain were obtained: Winter rye, North Dakota No. 959 (C. I. 
No. 175), 31.1 bushels; Von Riimker’s green seeded (C. I. No. 174), 
21.8 bushels; Von Riimker’s yellow seeded (C. I. No. 173), 19.4 bush- 
els; and spring rye (C. I. No. 169), 21.3 bushels. The common win- 
ter rye yielded 46 per cent more than the common spring rye. 
The two varieties from Dr. von Riimker were obtained from Ger- 

many in 1911 by Supt. L. R. Waldron, of the Dickinson substa- 
tion. They were originated by Dr. K. von Riimker, of Breslau, froma 
selection from the variety Petkus made in 1899. Reselections were 
made toward the yellow and green types for the 10 years following. 
About 35 per cent of each of these varieties winterkilled during the 
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winter of 1912-13 at Dickinson, which reduced their yield per acre. 
If later trials show them to be more hardy, they will probably sup- 
plant the ordinary rye, as they are far superior in quality. At pres- 
ent North Dakota No. 959 (C. I. No. 175) winter rye is recommended. 

OTHER CEREALS. 

Varietal tests with flax, proso, and grain sorghum have been con- 
ducted in the nursery. Primost flax (Minn. No. 25; C. I. No. 12) 
and Black Voronezh proso (C. I. No. 27) have also been grown in 
plat tests. A number of varieties of grain sorghums have been 
tested at Dickinson, but in only two years (1909 and 1913) have any 
of the varieties matured seed. In those two years only the early- 
maturing Manchu Brown kaoliang (C. I. No. 261) entirely ripened. 
The forage growth of the kaoliang is about half that of corn. Not 
until earlier varieties than any yet known are produced will this 
grain-sorghum crop be a profitable one for western North Dakota. 

NURSERY EXPERIMENTS. 

The nursery experiments at Dickinson during 1908 to 1913, in- 
clusive, afforded an opportunity for growing a larger number of 
varieties and selections than could be included in the plat experi- 
ments. The nursery tests were confined to short rows. These rows 
were 12 inches apart, the length varying according to the plan of 
each test. In most of the experiments equal weighed quantities of 
seed were sown by hand in each row. In some of the experiments a 
definite number of seeds were sown in each row, placed at definite 
distances in the row. 
The nursery experiments comprise four main groups: (1) Varietal 

tests (fig. 7); (2) pure-line selections, including head rows and in- 
crease rows; (3) crosses; and (4) miscellaneous, including date, 
rate, and depth of planting tests, seed treatment, etc. Table XX 
shows the number of plantings each year in the different lines of 
work. Each of these groups will be discussed separately. 

TABLE XX.—Numober of plantings in the cereal nursery at Dickinson, N. Dak., 
from 1908 to 1913, inclusive. ; 

Cereal plantings. 1908 1909 1910 1911 1912 1913 

Spring nursery: 
Varietal tests........... pol. Ae el we eel eee PE ee 

} | 

| 

Pure-line'selections.. 2-2 ce. Posse semen cease 231 264 340 205 414 489 
MT OSROS fon 25 2 te, See, | See ees ee ee | 3 40 164 287 76 
MISCOMATICOUPS se tee teks RE oe ec yn ve em iie 63). eee ee 65 102 22 180 

Fall nursery: 
WATIBUVIMEOSES ac. 2 ve so Ee one te eee aoe aaae| eee Caloeme ae 10 15 
Bure-line selections: >, ........ meet 6.2222. 27h a ER CEL ee | eee 100 370 297 335 
CTOSHES ce ia anita sine set da Deer «ania snScbee cptaen BO |Mins ce eel) eae es | ore 226 429 116 
MIRCEUSHCOUB Hy: 5.-2- J. cxeey- Sbae 0. cages de RETA eeOaces 5 

Motal, 21. ..eck i laleiadeesaedsceuslepeceencr. o¥es( 16814 || Pane: | al ogee aged amar be lems g20 
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VARIETAL TESTS. 

A much larger number of varieties is tested each year in the 
nursery than in the field plats. The new varieties which are con- 
tinually being introduced and originated are here given their first 
trial. The land used is alternately cropped and fallowed. The seed 
is sown by hand in a furrow about 3 inches in depth, which has 
been opened with a wheel hoe. It is then covered by a special at- 
tachment upon the same tool. The rows are 17 feet long and 12 
inches apart. Every third row is planted to the same variety, as a 
check. Careful notes are taken throughout the season on the com- 
parative behavior of the different varieties. At harvest time each 
row is cut (a part of the row is pulled) separately, labeled, and the 

Hig. 7.—General view of the cereal nursery at the Dickinson substation in 1913. 

heads covered with paper sacks to prevent mixture or damage by 
birds. The total weight of each row and the total weight of grain 
per row are obtained at thrashing time. In addition, the following 
notes are taken on 25 plants from each lot: Height of plant, length 
of head, number of culms per plant, number of heads per plant, total 
weight of plants, and weight of grain. These notes for a series of 
years give a rather accurate analysis of each variety. The correla- 

tion of the different characters, with yield, is the primary object of 
this analysis. 

The weight of grain per row gives the relative yielding power of 
the different varieties. Computed yields are determined from the 
use of the check rows. New and untried varieties in this way are 
compared with standard and better known varieties. Any variety 
producing a relatively high yield for several years is increased and 
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included in the regular varietal trial. All varieties are continued in 
the nursery at least three years before being discarded. 

PURE-LINE SELECTIONS. 

Pure-line selections have been made of several unpedigreed cereal 
varieties, Which have proved well adapted to the conditions at 
Dickinson. Typical and sometimes unusual heads of the variety are 
selected in the field. The length of these heads and the number of 
kernels each contains are usually determined and the heads photo- 
graphed. Twenty kernels from each head are planted in rows 5 
feet long and 12 inches apart. The kernels are placed 3 inches 
apart in the row. Notes are taken throughout the growing season 
upon the comparative behavior of the different selections. Each 
row is harvested and thrashed separately, and the seed is used the 

following year for planting in the pure-line selection nursery, where 
they are more carefully studied and tested for yield. The pure-line 
selection nursery is similar to the varietal nursery, the rows being 
17 feet long and 12 inches apart. Equal weighed quantities of seed 
are sown in each row. Notes similar to those taken on the varieties 
are taken on the pure lines. Check rows sown with the unselected 
parent variety are used, and any improvement which is made is thus 
easily determined. This nursery is continued from year to year. 
All pure lines are usually grown three years before any are discarded. 
The highest yielding strains are then planted in larger plats of any 
convenient size, to increase the seed. Finally those pure strains that 
have proved superior to the parent, as well as to other pure lines, 

are. introduced into the plat. varietal trials. 
From such a large number of selections as there are at Dickinson a 

great mass of data has naturally been accumulated. The limits of 

this bulletin prevent its presentation here. As previously mentioned, 
a strain of Kubanka durum wheat, Kubanka No. 8 (C. I. No. 4063), 
and a strain of Early Mountain oats, Early Mountain No. 2 (C. L 
No. 656), have been developed which have proved superior to the 
original varieties. In Table X XI some of the results obtained in 
1913 in improving the yield and the milling and baking qualities of 
Ghirka wheat are shown. This table shows the possibilities of im- 
provement and also the possible increase or decrease in quality and 
yield of grain that may be obtained from pure-line selections. 
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TABLE XXI.—Results of milling and baking tests and yield of grain per acre of 
unselected Ghirka wheat and of five pure-line selections from it grown at 
Dickinson, N. Dak., in 1918. 

Cleaned . 
Actual aes Protein ae Loss | 

Variety. yield oe in wheat avila. in mill- Volume! Color. pees 
per acre. | pochel. (N. X5.7).) ing. 

Bushels. | Pounds. | Per cent. | Per cent. | Per cent.| C.c. | Pr.ct. |Pr. ct. 
Ghirka, unselected............ 30 64.3 13. 88 69.6 Seoul | ol pees |) Cylees 
Bronk NON 4 502 ese ol 35.6 65 14. 36 W2 3.35 | 2,450 | 96 94 
ClaubEy IN OFS Ue ee Hest | 64 15. 28 69.1 4.5 2,265 96 93 
GinnmcaNO! 29.02... eek 33.2 63.5 15. 62 67.5 oll 1,790 | 94 86 
SLOT INOS a eee ee 38 65. 5 15.28 70.1 A17| 1,985 90, 92 
Giuinkal No. 66. -....2.50.2522.. 35. 2 65 14.76 72.4 1.46 | 2,097 | 95 93.5 

CROSSES. 

Attempts to originate new and better cereal varieties by means of 

hybridization have been made at Dickinson. Work has been done 
with both natural and artificial crosses. It is probable that crosses 
occur naturally in the cereal crops, especially wheat, more often than 
is usually supposed. A number of field crosses of wheat selected from 

_ the varietal plats have been planted in the nursery at Dickinson. 
_ These have broken up in the next generation, and the many different 

types have been replanted. Several pure lines have been segregated, 
but none have been of any economic value. Artificial crosses have 
been made with both spring and winter wheat and with barley. With 
spring wheat the object of the work is to increase the milling quali- 
ties of the Ghirka variety by crossing it with Red Fife and other 
good milling wheats and still to retain its earliness and high yield. 
The barley crosses have been made between Hannchen and several 
other varieties, the purpose being to obtain earlier and taller varieties. 

Most of the crosses, however, have been made with winter wheat, 
with the object of increasing their hardiness or winter resistance. The 
theory that a part of the offspring of crosses between two medium- 
hardy strains of one variety or of different varieties will exceed the 
parents in winter resistance if they follow the ordinary Mendelian 
laws in respect to this character, as they do with other characters, 
was developed independently by Nilsson-Ehle* and by Waldron.? 
This work has been under way at Dickinson for three years. In 1911 
and 1912 crosses were made on over 3,000 individual wheat flowers. In 
1913 about 1,300 individual crosses were made. ‘The seeds from these 

crosses are planted 3 inches apart in rows 12 inches apart. Twenty 
seeds of each parent are planted in rows on either side of the crossed 

1 Nilsson-Ehle, Herman. MKreuzungsuntersuchungen an Hafer und Weizen. Jn Lunds 

Uniy. Arsskr., n. f. afd. 2, bd. 5, no. 2, 122 p., 1909. 
2 Waldron, L. R. Increase in hardiness. Jn N. Dak. Agr. Exp. Sta., Dickinson Sub- 

Exp. Sta., 3d Ann. Rpt., p. 33, 1910. 

Waldron, L. R. Breeding certain field-crop plants in the cold northwest. Jn Amer. 

Breeders’ Assoc. Ann. Rpt. 8, 1911, p. 434, 1912. 
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grains. In the F, generation the plants are covered with a hight 
straw mulch to prevent winterkilling. In the F, generation they are 
planted in the regular nursery row at the usual rate and tested for 
winter resistance. The parent strains are planted as checks. This 
work was retarded by the hailstorm in July, 1912, when practically 
all of the crosses made in that year were destroyed. No conclusions 
can be drawn from the work already done, although there are now in 
existence several apparently hardy strains. 

In this connection it is of interest to note that Nilsson-Ehle* has 
concluded that the winter-resistant character is transmitted as are 
other characters, that crossing results in segregation of gradations 
of this character, and that it seems to be the result of a variety of 
combinations of many Mendelian factors. 

MISCELLANEOUS TESTS. 

Several cultural tests have been under way in the nursery with the 
different varieties of cereals, but the results of these tests are not 
germane to the purposes of this bulletin. 

SUMMARY. 

Cooperative experiments with cereals have been conducted at the 
Dickinson (N. Dak.) substation since 1907. The testing and im- 
provement of cereal varieties have constituted the major part of the 
work. 

The substation is located near the center of Stark County, in south- 
western North Dakota, at an elevation of approximately 2,500 feet. 

The average annual rainfall at Dickinson for the 22 years from 
1892 to 1913, inclusive, was 15.46 inches, of which 70.1 per cent fell 
during the months from April to August, inclusive, the growing sea- 
son at Dickinson. The average precipitation for the growing season 
for the years 1907 to 1913, the period during which cooperative ex-_ 
periments with cereals have been conducted, was 11.54 inches. The 
average evaporation from a free water surface during the same period 
was 29.524 inches. ji 

The average wind velocity per hour during the months from May 

to August, inclusive, for the 6 years from 1908 to 1913 was 7 miles. 
The average mean temperature for these months was 57° F.; the av- 
erage length of the frost-free period, 99 days. The maximum frost- 
free period was in 1909, from May 17 to September 14, 120 days. 
The latest date at which frost has occurred in the spring in the seven 
years was June 5; the earliest frost in the fall was on August 19. 

1 Nilsson-Ehle, Herman. Zur Kenntnis der Erblichkeitsverhiltnisse der Higenschaft 

Winterfestigkeit beim Weizen. Jn Ztschr. Pflanzenzucht., Bd. 1, Heft 1, p. 3-12, 1912. 
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_ The primary object of the experimental work has been to deter- 
mine the relative yielding power of different varieties of cereals, to 

_ discover varieties better than those ordinarily grown, and to improve 
the yield of the leading varieties. 

The usual size of the plats on which the tests were conducted was 
one-tenth of an acre. Check plats were used to determine the soil 
variations. 

The varietal tests have included 53 varieties and strains of spring 

wheat, 38 of spring oats, 16 of spring barley, and a number of vari- 
eties of winter wheat, winter and spring rye, and emmer. 

Spring varieties of all the cereals, except rye, are better adapted 
_ than winter varieties. 

The average yield of all varieties of spring wheat for the six 
_ years 1907 to 1911 and 1913 was 22 bushels. 
Of the spring-wheat varieties, the durum group has given the best 

yields. The fifes and the bearded fifes yielded practically the same, 
ranking next to the durums in yield. The bluestem group, com- 
monly grown in North Dakota, is comparatively low in yield. 

The Kubanka is the leading variety of durum wheat. The Ghirka 
is the leading variety of fife wheat. 

Spring wheat is usually in head at Dickinson by the middle of 
July and is ripe by the middle of August. The average date of head- 
ing and the average date of ripening varied widely with different 
varieties. The Ghirka, Bearded Fife, and Marquis are early varie- 
ties. This character is important for drought-resistant or drought- 
escaping cereals. 

The yield of straw and the weight per bushel of the bearded fife 
varieties are less than those of the durums, but more than of the 

 fifes and bluestems.” 
Milling and baking tests for 1911 and 1913 show that the different 

groups of wheat rank as follows in yield of straight flour: Blue- 
stem, durum, bearded fife, and fife. The durum variety Kubanka 
No. 8, a pure-line selection, gave the highest average percentage of 
flour. In volume of loaf the groups rank as follows: Bluestem, 
fife, bearded fife, and durum. The fife variety White Fife gave 
the highest average loaf volume of any variety. 

The yield of winter wheat has been low as compared with spring 
wheat, the stand in all seasons being greatly reduced by winter- 

-inlling. 
The average yield of all varieties of oats for the seven years 1907 

to 1913 was 47.7 bushels. The groups of oats rank in yield in the 
following order: Medium early, medium late, early, and late. 

The Early Mountain variety has given the highest actual yields 
for the seven years, 54.1 bushels. On 5-year and 4-year averages the 

4 
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Golden Rain has given the highest average yields. The Victory 
oat has yielded next in order. 

The average length of time from planting to maturity varies from 

103 days for the Kherson and Sixty-Day varieties of oats to 128 days 
for the White Russian. The average date of heading for the varie- 
ties is July 11 and the average date of ripening August 13. 

The average yield of all varieties of barley for the seven years 
from 1907 to 1913 was 30.3 bushels. 
Two pedigreed 2-rowed varieties of barley, Hannchen and Svan- 

hals, have proved best adapted to the conditions at Dickinson. These 
varieties have outyielded the commonly grown 6-rowed varieties, 
Manchuria and Oderbrucker, from 36 to 55 per cent during the years 
grown. The naked varieties of barley have produced comparatively 
small yields each year at Dickinson, averaging about the same as 
the Manchuria. 

The Yaroslav emmer has given a higher average acre yield of 
erain for the five years 1907 to 1911 and 1913 than Early Mountain 
oats, Hanna barley, or Kubanka wheat. 

The cereal nursery has afforded an opportunity for growing a 
larger number of varieties and selections than could be included in 
field plats. The tests in the nursery are confined to short rows. Here 
new varieties are compared with standard and better known sorts. 
A large number of pure-line selections from several unpedigreed 
varieties which have proved well adapted at Dickinson are being 
tested in the nursery. Considerable crossing has been done in an 
attempt to originate new and better varieties. Most of the crosses 
have been made with winter wheat, with the object of increasing 
their winter resistance. 
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RANGE IMPROVEMENT BY DEFERRED AND ROTA- 
TION GRAZING. 

By ARTHUR W. SAMPSON, 

Plant Ecologist. 

WHAT CAUSES THE RANGE TO DETERIORATE. 

The forage crop on approximately 110,000,000 acres of land within 
the National Forests is available for grazing live stock. Some idea 
of the money value of this crop can be gained from the fact that 
during the grazing season of 1912 the land supported approximately 
14,000,000 head of stock, including cattle, horses, sheep, goats, and 

swine. In many localities throughout the West the livée-stock indus- 
try is the main source of wealth. It depends for its existence upon a 
permanent crop of good forage on the range, and the maintenance 
and fullest use of this crop are therefore of the greatest importance 

both to the individual stockmen and to the stock industry. 

A long step toward full use without injury to the forage plants 
will be made when some of the simple precautions taken in connec- 
tion with forage crops on farms and ranches are applied on the west- 

ern range. No farmer who hopes to realize the fullest returns from 
“a permanent hay meadow would think of harvesting the crop as soon 
_as it is tall enough to cut, regardless of whether or not it is mature. 
; He has learned from experience that the maximum food value of the 

crop is not obtained until it has made its full growth. He has also 
learned from experience that to graze a permanent pasture closely 

from the time that growth begins until it ceases will soon result in 
decreasing its carrying capacity and eventually in depleting it. 
| The vegetation which furnishes the grazing crop has the same 

growth requirements as farm crops. Climate and soil conditions on 
“range lands, however, are generally less favorable to the growth of 
; forage than the conditions on most farms. So, if the range is to be 
kept permanently in good condition, even greater care must be ex- 
-ercised in utilizing the range crop than is necessary with that on the 
farm. 

12007° —13 
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The serious decline in the carrying capacity of vast tracts of west- 

ern range lands can be traced almost wholly to failure to recognize 
the primary requirements of plant growth. During the “ free-for- 
all ” grazing period of earlier days the most palatable species were so 
closely cropped that they were unable to develop the necessary plant 
food, and so literally starved. In addition, the roots were frequently 
injured by trampling or killed by exposure. As a result, the best 
kinds of vegetation grew weaker from season to season, and, where 
the practice of early and close grazing was continued, the range at 
last became practically denuded. 

Fortunately, on the majority of National Forest lands not only ex- 
cessive grazing before the forage crop was mature but also continued 
close grazing was done away with before the vegetation was entirely 
killed out, although in many localities the best species had given way 
to less desirable ones. The discontinuance of premature grazing and 
overstocking, combined with improved methods of handling stock 
under Government regulations, has resulted in the improvement of 
range lands within the National Forests to the point where it is again 
possible to market large numbers of beef and mutton animals directly 
from the range—a thing which in many places could not be done 
during the last few years prior to the inclusion of the lands within 

National Forests. 
In order to know exactly how to maintain a satisfactory forage 

crop, and how to manage lands in need of improvement in the best 

and most economical way, a study was inaugurated by the Forest 
Service in 1907, in cooperation with the Bureau of Plant Industry, 
in which the life cycle of the leading range plants on sheep lands 
within the Wallowa Mountains of northeastern Oregon was carefully 
observed. This bulletin points out how, through carefully consider- 
ing the growth requirements and methods of reproduction of the 
forage plants, the carrying capacity of the range lands may be still 
further increased without decreasing the number of stock which use 
them. Statements and conclusions are based upon results secured 
from three years of careful study and two seasons Of practical appli- 

cation in range management. The subject will be taken up in two 
parts: (1) The natural growth requirements of range plants; and 
(2) a grazing system, based upon these requirements, which will 
insure a maximum forage crop. 

REQUIREMENTS OF PLANT GROWTH. 

As it affects grazing management, the life cycle of forage plants 
may best be discussed under the following heads: (1) The produc- 
tion of foliage in the early growing season; (2) the production of 
flower stalks and seed crop; (3) the scattering and planting of seed; 
and (4) the establishment of seedling plants. 
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PRODUCTION OF FOLIAGE IN THE EARLY GROWING SEASON. 

The amount of foliage produced early in the growing season and 
the promptness with which growth begins in the spring are direct 
indications of the vigor of forage plants and show the possibilities 
of revegetation., To respond vigorously to the advent of the grow- 
ing season, the plant must have stored in its roots during the previ- 
ous season a large amount of starch and other foods which nourish 
it from the time that growth begins until there is enough foliage to 
manufacture sufficient food for the rapidly growing parts both 
above and below ground. If the plant is robbed of its green herbage 
during the main growing season, especially if it happens in two or 
more successive years, growth in the spring is not only delayed by 
several days, but foliage production is scanty and the amount of food 
which the plant is able to manufacture is consequently decreased. 
If, when the plant is in this weakened condition, the herbage is 
again removed while green and tender, growth the following season 
begins still later and even less herbage than before is produced. If 
this sort of thing is kept up, the plant is sure to die. 

To determine what effect removal of the herbage at different times 
in the season has on forage production, the herbage on a number of 
selected plots on which the vegetation had been weakened by con- 
tinued close and early grazing was clipped experimentally for three 

successive seasons. On half the plots the herbage was clipped as soon 
as growth was well started and subsequently clipped once every 
month; the other plots were undisturbed until August 25, at which 
time the seed had matured, when the herbage was closely cut. 

The vegetation clipped monthly hved through the period of the 
experiment, but in the fourth year, when none of the plots was dis- 
turbed, the herbage was very sparse and short, while the time of be- 
ginning growth was so much delayed that no fertile seeds were pro- 
duced. On the other hand, the vegetation clipped only after seed 

-tnaturity each year was, at the beginning of the fourth year, approx1- 
mately 150 per cent greater in volume than that on the plots clipped 

- monthly, while growth began in the spring fully as soon as where the 
plants were protected yearlong. 

Examination of the roots in the autumn, after growth had ceased, 
showed that the plants clipped monthly had stored very little food, 
while the vegetation clipped only after seed maturity were found to 
have stored as much food as plants protected yearlong. 
Anything which either favors. or retards the activities of the roots, 

which absorb food elements and moisture from the soil, later affects 
in one way or another the herbage production. One of the chief 

- functions of the part of the plant above ground, especially the foliage, 
. is to manufacture plant food, and if this process is to be continuous 
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there must be a constant supply of the necessary food material from 

the soil. Moisture, which is suppled by the minute root hairs, is 
continuously being given off as vapor by the pores of the leaves and 
stems, and when the balance between the moisture taken up by the 
roots and that given off by the foliage is disturbed the plant wilts, 
and if the disturbance continues finally dies. Anything which de- 
stroys the delicate root hairs, therefore, decreases the capacity of the 
plant to absorb moisture and is at once reflected in a decline in health 
and vigor of the herbage. 

On the other hand, proper development of the root system is de- 
pendent upon a supply of food furnished by the part of the plant 
above ground, and so when the plant loses its green herbage the 
roots suffer accordingly. If the foliage is continually removed during 
the season when growth is most active the root system is greatly en- 
feebled and if the practice is continued is at last starved beyond re- 
covery. 

PRODUCTION OF FLOWER STALKS AND SEED CROPS. 

If depleted range lands are to be revegetated, the forage ‘must be 
allowed to produce a fertile seed crop. The vigor of the vegetation 
greatly influences, in fact, sometimes determines (1) the time of 
flower-stalk production; (2) the number of flower stalks sent up; 
(3) the time of seed maturity and the size of the seed crop; and (4) 
the fertility of the seed. 

The time of flower-stalk production depends chiefly upon three 
factors: The season, whether early or late; the character of the soil 
or physical conditions; and the vigor of the plants or herbage pro- 
duction. The beginning of the season in mountain lands may vary 
in a given locality as much as 10 days, and this wide variation of 
the time when growth begins necessarily brings about a correspond- 
ing variation in the time of flower-stalk production. 

The influence which the vigor of the vegetation has upon the time 
of flower-stalk production and the number of flower stalks is illus- 
trated by the following experiment: An area which had been severely 
overgrazed was fenced against stock, and for five years, while the 
vegetation gradually recovered, observations were made to determine 
any changes in the number of flower stalks produced and the time of 
their production. During the first year of protection no flower stalks 
were seen until July 25, and it was not until 41 days later that all 
the stalks had been produced. The following season the stalks began 
to shoot up as early as July 10, and all had been produced 30 days 
after the appearance of the earliest ones, a decrease in time of nearly 
27 per cent after one year’s protection. In subsequent seasons the 
time required for flower-stalk production was only slightly less than 
that during the second season of protection. Early production of 
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flower stalks means that the seed has sufficient time to develop and 
mature before low temperature comes in the autumn. In addition, 
the earlier the flower stalks are produced the greater is their number 
and luxuriance. 
The time of seed maturity varies to a certain extent with the time 

of flower-stalk production, but to a less noticeable degree. Both tem- 
perature and moisture conditions in a grazing region are more uni- 
form after the time that flower stalks are sent up than before, 
consequently the development of the vigorous plants is more uniform 
with the-advance of the season than during the spring period. In 
the case of plants weakened by continuous removal of the herbage 
during the early part of the season, the time of seed maturity is 
delayed in proportion to the decrease in vigor. If the plant is 
greatly weakened, no seed whatever is produced. Delay in seed 
production may result in either very scant or actually no reproduc- 
tion, for if the seed is to be fertile it must mature before prolonged 
low temperatures or killing frosts occur. On the higher ranges 
these may come at any time after August 20. The big struggle of 
the vegetation is to mature its seed during a short and none too favor- 
able period before the appearance of low temperatures and frost, and 
to do this it must be kept in a high state of vigor. Added to the 
other unfavorable conditions is the fact that the fertility of seed pro- 
duced from even the most vigorous plants, especially on the higher 
ranges, 1s comparatively low. 
A good example of the relation of plant vigor to the production of 

fertile seed is found in the case of mountain bunch grass (Festuca 
viridula), which furnishes a large part of the forage between eleva- 
tions of 6,500 and 8,000 feet in the mountains of northeastern Oregon. 
At the time of the grazing study there were found, under the same 
conditions, all stages of plant vitality, from the final one of deple- 
tion through starvation to the most vigorous growth. In the case of 
uninjured plants the flower stalks invariably began to show about 15 
days after growth had started, and from 6 to 15 were produced from 
average-sized tufts. In contrast to this, the weakest individuals 
developed no flower stalks, while those less seriously weakened pro- 
duced none for a month or 6 weeks after growth had begun. Even 
then the number sent up was invariably small, three being the aver- 
age, and with a height but little more than half that of the stalks 
produced early in the season by strong plants. This marked con- 
trast in herbage and flower-stalk production between the weak and 
strong vegetation is shown in Plate I. 

The strong and the weak plants exhibited similar differences in 
the case of seed production. The most vigorous plants produced a 
large and early seed crop; those of average vigor developed a much 
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smaller crop which matured at a later date; the weakest matured 
practically no seed. 

An even closer correlation is found in the case of seed fertility. 
The most vigorous plants matured their seed by August 20, with an 
average germination power of 14 per cent; the less vigorous indi- 
viduals matured their seed September 1, with an average fertility of 

7 per cent, while the very weakest produced mature seed September 
12, the fertility of which averaged only 1.5 per cent. Weakened 
vegetation, then, results in (1) late resumption of growth in the 
spring and svarseness of herbage; (2) the production of few flower 
stalks, the majority of these late in the season; (3) late maturity of 
seed and a smal! seed crop which is either sterile or has a very low 
fertility. 

‘SCATTERING AND PLANTING THE SEED. 

Almost immediately upon reaching maturity the seeds of the lead- 
ing range plants are dropped. This is highly advantageous in that 
it eliminates the possibility of stock consuming the crop after it has 
been developed. The dissemination varies with the different species. 
In the case of the grasses and grasslike plants, such as sedges and 
rushes, the seed drops near the parent plant, while seeds from plants 
like fireweed and mountain dandelion, which have highly developed 
contrivances for distribution by the wind, are carried great distances, 
Plants of the latter kind do not usually occur in as dense stands as 
grasses, but, on the other hand, are more widely distributed over the . 
range. 

The possibility of getting reproduction depends upon whether or 
not the seed is able to force its way into the soil. The surface soil 
dries out early in the season, and seeds which germinate on the sur- 
face of the ground are unable to extend their limited root ‘system 
deep enough into the rich and moisture-laden soil. As a consequence 
the plants soon die from drought. 
Under purely natural conditions the likelihood of the seeds getting 

into the ground is governed largely by their size and structure. The 
seeds of some of the most important plants, such as mountain bunch- 
grass and mountain brome grass, for example, are large and chaffy, 
and even though promptly dropped upon maturity in the autumn, 
months before germination takes place, are usually found uncovered 
on the surface of the ground in the spring. Round, heavy seeds, 
like those of wild onion and some of the sedges, have little difficulty 
in working beneath the surface soil. The seed of a few species, some 
of little or no forage value, are provided with strong bristles, which 
work them well into the ground. 

From what has just been said it is clear that if the seed is not 
planted by artificial stirring of the soil the undesirable species may 
become established at the expense of the valuable range plants. 
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ESTABLISHMENT OF SEEDLING PLANTS. 

Even if a crop of fertile seed has germinated there is no definite 
assurance of material increase in the forage stand. The establish- 
ment of forage seedlings, especially early in the season, depends 
largely upon climate and soil conditions. 

During the germinating period the soil is invariably well supplied 
with moisture. In the higher mountains rather severe freezes are 
common, and as a result of alternating extremes in temperature the 
soil heaves. When this takes place the seedling roots, then poorly 
developed, are partly lifted out of the soil and the growth of the 
plant is arrested. As the season advances the temperature rises 
and the moisture in the surface soil is largely lost, so that only the 
deeply rooted and more vigorous plants survive. The loss varies 
from 20 to 70 per cent, depending chiefly upon the extent to which 
the soil heaves and the development of the seedling roots at the time 
the disturbance occurs. (PI. IT.) 

On the lower elevations freezing does not usually occur after the 
seed has germinated, but because of the relatively high temperature 
the soil dries out seriously, so that even there those seedlings which 
are poorly planted, and therefore poorly rooted, are likely to be lost. 

The thoroughness with which the seed is covered before germina- 
tion and the character of the soil, therefore, are everywhere important 
factors in establishing seedling stands. In hard-packed soils, like 

_ those of much-used bed grounds, sheep trails, and the like, the seed- 
lings have difficulty in extending their roots, and the loss is natu- 
rally great. Heavy loss also occurs on warm, exposed situations, 
but since these usually have a dense seedling stand in the spring, the 
final stand compares well with that of more favorable localities. 

Once they have passed through the first six weeks of their existence, 
seedlings are not likely to be affected by drought or adverse tempera- 
ture. The root system develops rapidly in the autumn of the first 
year, which not only protects the plant from winter killing, but in- 
sures it against moderate gullying and drought the following season. 

During the second year of growth the young plants develop a 
splendid root system. (PI. III.) This has penetrated deep enough 
‘into the soil before the usual spring drought period to enable it to 
continue its rapid development, and at the close of the season the 
deepest roots often extend 6 inches below the surface. In the case of 
some of the bunch grasses from 20 to 40 basal leaf blades (root leaves) 
from 3 to 5 inches long are produced. By autumn of the third year 

the perennial plants attain full development and produce fertile 
seeds. From 3 to 5 flower stalks are usually sent up, and leaf blades 
and root growth are very prominent. (PI. IV.) 

So far the discussion has dealt with the loss of seedlings under 
_ purely natural conditions. It is plain, however, that grazing, especi- 
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ally in localities where the stand has previously been weakened 
through drought, is an important factor in connection with reproduc- 
tion. The injury to seedlings due to grazing depends primarily upon 
the class of stock grazed, the season of grazing, and the way in which 
the stock is handled. -It can therefore best be discussed in connection 
with the different systems of grazing the range, the relation of each 
system to the maintenance of the stand, and the revegetation of the 
range with the most valuable plants. 

EFFECT OF GRAZING ON THE FORAGE CROP. 

From what has been said about the growth requirements of the 
principal forage plants, it is plain that the most effective system of 
range management from the standpoint of the vegetation alone will 

be the one that interferes least with the growth of the plant up to the 
time of seed maturity, and then aids in planting the seed. Any 
system adopted must be practicable from the standpoint of the stock- 
man. 

Grazing on western range lands may be divided inte three more 
or less distinct systems: (1) Yearlong or season-long grazing year 

after year; (2) yearlong or season-long grazing with occasional total 
exclusion of stock during the entire year to give the forage a chance 
to reproduce; and (3) deferred grazing, which aims at a rotation in 
the time of using each portion of the range, allowing the plants on 

one portion to mature their seed each year before they are cropped, 
and then grazing it to avoid loss of forage through nonuse, and to 
assist reproduction by trampling in the seed. 

The following discussion aims to show the comparative merits of 
the three grazing systems from the standpoint of the range plants’ 
requirements for growth and reproduction, and to outline the system 
which promises the best results to both the range and the stock 
industry. 

YEARLONG GRAZING. 

Prior to the inclusion of lands in the National Forests stock 
usually had access to the range before snow was entirely off it, and 
therefore when the earliest growth was appearing in the lower eleva- 
tions. As the season advanced the stock drifted or were driven to 
the highest portions, reaching each portion soon after growth had 
begun. In many localities the range was so crowded that it was 
grazed continuously throughout the season; the only period of rest 
was during the time required for the herbage to grow enough after 
being closely cropped to again permit grazing. Results from such 
practices were directly comparable to those from the monthly clip- 
ping experiments cited, and, in addition, the range was damaged a 

a 
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DEVELOPMENT OF MOUNTAIN BUNCH GRASS DURING THE SEASON WHEN DEATH FROM 

DROUGHT IS Most SEVERE. (NATURAL SIZE.) 

Photographed July 27, 1909. 



Bul. 34, U. S. Dept. of Agriculture. 
PLATE III. 

AERIAL GROWTH AND RooT DEVELOPMENT OF A MOUNTAIN BUNCH-GRASS PLANT AT 

THE END OF THE SECOND YEAR OF GROWTH. (NATURAL SIZE.) 



PLATE IV. Bul. 34, U.S Dept. of Agriculture. 

SEASON, WHEN THE PLANT IS FIRMLY ESTABLISHED AND THE CYCLE OF DEVELOP- 

CHARACTERISTIC DEVELOPMENT OF MOUNTAIN BUNCH GRASS AT THE END OF THE THIRD 

MENT HAS BEEN COMPLETED. 
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Fic. 1.—AN OVERGRAZED MOUNTAIN BUNCH-GRASS RANGE FENCED AGAINST STOCK 
IN 1907. 

Photographed July 12, 1907. 

Fic. 2.—ViEW OF SAME AREA AFTER THREE SEASONS’ PROTECTION AGAINST 

GRAZING. 

The inerease in forage is due to vegetative growth and not to reproduction from seed. 
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good deal by repeated trampling. As in the case of the clipping 
experiments, the vegetation gradually weakened and no seed was 
developed ; consequently there was no reproduction whatever. 

After the inclusion of the lands within the National Forests definite 
grazing seasons were established, and not’only was depletion of the 
range stopped, but there was a slight increase in its carrying capacity. 
The improvement, however, was mainly confined to the lightly grazed 
lands and was due almost entirely to the production of new shoots 
from the root stalks of the original plants. Under the very best 
conditions, however, the actual increase in forage by this means is 
comparatively small, as the plants do not spread over bare areas. 

Yearlong or season-long grazing is the common practice in most 
localities. For example, on the Wallowa National Forest sheep, the 
only class of stock grazed in the high mountains, are allowed to 
enter early in July as soon as growth is well started and when the 
flower stalks of the vigorous plants are being sent up. At this time 
the stalks are succulent and are eaten with about the same relish as 
the herbage.. The areas grazed earliest are occasionally cropped 
again after the second herbage crop has partly developed. In such 
cases the vegetation is again deprived of its food-manufacturing 
parts. Even though grazed but once during the early stage of 
development the range plants are unable to recover and reproduce. 
Careful observations made in the case of 300 experimental areas on 
the important forage types showed (1) that the palatable and de- 
pendable perennial plants were not reproducing at all; (2) that only 
one perennial herb, known as sickle sedge (Carex umbellata brevios- 
tris), an unpalatable and useless species, was reproducing; and (3) 
that unpalatable annual weeds which mature their seeds at about the 
same time that the stock reach the mountain grazing lands, were 
increasing at a rapid rate, especially on the most seriously depleted 
areas. . 
A relatively small percentage of this undesirable seedling stand 

became established, however, because of the high moisture content 
of the soil and the consequent ease with which the seedling roots of 
the forage plants were pressed out of the ground by the early graz- 
ing stock. In general, however, the loss in forage plants bore a 
direct relation to the time that the lands were grazed, the greatest 
loss occurring on the lands grazed earliest. 

To sum up the result from continued season-long grazing: Where 
there is enough stock to use all the forage each year the requirements 
of plant growth are seriously interfered with, the forage crop be- 
comes weakened and is materially decreased, little or no seed is pro- 
duced, reproduction is therefore prevented, and there is a gradual 
decline in the carrying capacity of the range. 
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YEARLONG PROTECTION OF THE RANGE. 

It is plain enough that yearlong or season-long grazing, as just 
ciscussed, tends neither to maintain the forage crop nor to improve 
the carrying capacity of overgrazed lands nor does it favor the best 
interests of the stockman. On the other hand, the plan of closing 
certain depleted lands during the period required for revegetation 
might seem at first sight to meet the requirements in a practicable 
way. It might seem best to carry out such an alternating system 
of season-long grazing and protection, so that when one portion of 
the range is thoroughly reseeded another may be protected until the 
original productivity of the entire range is restored. This plan 
implies, of course, that protection would result in satisfactory re- 
vegetation. Moreover, if the grazing industry is not to be seriously 
interfered with the extent of range protected must be determined by 
the demands upon the grazing land. 
To determine definitely the practicability of reseeding the range 

in this way several plots, lying between elevations of 3,000 and 7,000 
feet, on which vegetation had been weakened through overgrazing, 
were fenced in 1907. An area at 3,000 feet supplied a sparse stand of 
vegetation, consisting mainly of annual species, chiefly soft cheat or 
chess (Bromus hordeaceus). A few widely scattered tufts of two 
perennial grasses, big bunchgrass (Agropyron spicatum) and June 
grass (Koeleria cristata) were also found. The plots located at about 
5,200 feet elevation supported a variety of annual and perennial 
grasses and other plants. The high mountain plots, shown in Plate 
V, supported mainly perennial grasses, annual weeds, Douglas knot- 
weed (Polygonum douglasiit) being particularly conspicuous in 
places. Each plot contained enough vegetation to produce at least 
a small seed crop after vigor had been regained through the much- 
needed rest. During the first two seasons of protection, especially 
the second year, the herbage of the perennial vegetation increased to 
a notable degree. In addition, the stand was somewhat improved by 
new shoots from the rootstocks. But there was no reproduction from 
seed. The annual species, of course, have no rootstocks, but their 

reproduction from seed is relatively good. During the first season 
the perennial vegetation produced very few flower stalks and practi- 
cally no fertile seed. At the end of the second season all species 
appeared to be fairly vigorous, and while at least a small seed crop 
was developed on each plot, virtually no new plants of the perennial 
species had come up from seed. By the close of the third season the 
plants appeared to have fully recovered their vitality, and a thor- - 
oughly satisfactory seed crop of average Bo power lay scat- 

tered over the plots in the autumn. 
In the spring of the fourth season the lowest aréas had improved 

to a marked degree in carrying capacity through the increased stand 
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of the annual plants, of which cheat constituted the greater part. 
The perennial species, despite the seed crop produced, had revege- 
tated only to a very limited extent. On the medium and high plots, 
with the exception of porcupine grass, the seed of which is planted 
by means of a bristle or awn, there was practically no reproduction. 

Plate V shows the increase in herbage of the original plants on the 
mountain lands after three years of protection. Even after five sea- 
sons of protection, however, practically no new perennial plants were 
found. This lack of seedlings was not due to low fertility of the 
seed, for after two seasons of protection the large seed crop pro- 
duced had at least average viability, the seed of many species germi- 
nating more than 50 per cent. In each locality it was evident that 
the failure to produce new plants from seed was due to the fact that 
the seed did not penetrate the soil. The larger-seeded species, such 
as mountain bunch grass, failed almost completely to reproduce where 
the soil was not stirred, while the seedlings which originated from 
unplanted seed soon died from drought. Small areas, artificially 
planted, were revegetated by all species regardless of the size and 
character of the seed. 

This shows conclusively that (1) yearlong protection from graz- 
ing restores the vigor of the impoverished vegetation and promotes 
the forage production of the plants in existence; (2) the annual 
species with strong seed habits reproduce satisfactorily, but the more 
desirable and nutritive plants, especially the large-seeded species, re- 
produce only to a limited extent; and, (3) while yearlong protection 
is favorable to the growth of the vegetation, it does not accomplish the 
planting of the seed, which is essential if the range is to be revege- 

tated. 
Aside from failure to insure revegetation with the most desirable 

species, the method entirely wastes the forage during the period of 
protection. Nonuse of the herbage is a serious drawback, and year- 
long protection could not be economically carried cut on a large 
scale. Furthermore, the accumulation of inflammable material 
during the period of protection would result in increased fire danger. 

DEFERRED GRAZING. 

In contrast to the two grazing systems discussed, deferred grazing 
is based upon the growth requirements of the vegetation from the 
germination of the seed until new plants have been established. The 
essential principles of the system are: (1) An overgrazed portion of 
the range, sufficiently large to supply the forage from the time of 
seed maturity until the end of the grazing season, is protected from 
stock until the seed crop has matured; (2) upon maturity of the 
seed crop the forage is grazed closely during the first season, but not 
to the extent of injuring the seed plants; (3) the same area is pro- 
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tected in the same way during the secona ana, it necessary, subse- 
quent seasons, or until the new plants have been securely established ; 
(4) when the area has been thoroughly reseeded, it is grazed early 

in the season and a second area, of sufficient size to accommodate the 
stock from the time of the ripening of the seed to the end of the 
grazing season, is protected until- the forage has matured; (5) this 
method of alternating late grazing from one area to another is con- 
tinued not only during the period required for the restocking of the 
lands, but even after the areas have been fully revegetated. It has 
been found both from the experiments and from practical applica- 
tion in range management that weakened vegetation thus protected 
recovers its vitality quite as readily as when the land is closed to 
grazing the entire year. The amount of forage produced was the 

same, and the flower stalks were sent up and seed matured at the 
same time on deferred-grazed and yearlong-protected lands. This 
point is further substantiated from results obtained from clipping 
matured forage and protecting it throughout the year—the vigor of 
the vegetation being rapidly restored and equally well maintained in 
both cases, 

One of the greatest advantages of the deferred system of grazing is 
that the forage may be fully utilized while the lands are being re- 
seeded. Though the range is not available for grazing until after seed 
maturity, the herbage, while not succulent at that time, is eaten with 
relish. Stock are not in need of succulent food in the latter part of 
the season, since a small milk flow is then sufficient for the lambs. 
Where deferred grazing has been thoroughly tried, sheep have been 
found to scatter more widely over the land than when the herbage 
was succulent, but practically all the valuable forage plants were 
closely cropped. Lambs as well as dry sheep made satisfactory 
gains, and the fat was of a solid, substantial nature. 

The nutritive value of the forage in the autumn, as shown by the 
condition of the stock, is further proved by a chemical analysis made 
of the herbage. For example, the leaf blades of mountain bunch- 
grass after maturity contain about twice as much nitrogen, or bone 
and muscle building material, and nearly the same amount of fat, as 
well-cured timothy hay, while the crude fiber, or indigestible mate- 
rial, is appreciably less than in timothy. 

Perhaps the main advantage of deferred grazing, however, is that 
it plants the seed, which is so essential to reproduction. On an area 
grazed after seed maturity there were found seedlings of all im- 
portant forage plants; on an adjoining yearlong-protected area only 
such species as white foxtail (Sitanion velutinum), the seeds of 
which have stiff barbs, were reproducing. ‘Wherever enough plants 
were left on a deferred-grazed area to produce the necessary seed, no 
matter what its size and character, seedlings were in evidence. In 
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some localities the stand more than doubled in some seasons, though 
the forage was grazed each year. Grazing thins the seedling stand, 
of course, even when confined to the autumn, but in the latter case 
destruction is not nearly as great as when the lands are cropped 
before the seedling roots are developed. Moderate autumn grazing 
on lands at medium elevations resulted in an average loss in seedlings 
of 51.9 per cent. On the higher ranges 56.7 per cent of the seedlings 
which had survived the drought period were destroyed by sheep. 
This loss is largely offset, however, by the planting of another seed 
crop, from which a stand of seedlings is produced the following 
vear. In view of this and of the urgent need for feed in the autumn, 
the loss of seedlings due to grazing can not be considered serious 
enough to justify closing the range. 

The seedlings are not subject to loss by moderate autumn grazing 
after the first season of growth, since the root system is then so well 
developed that the plants are not pulled up by cropping or seriously 
injured by trampling. 

To sum up the advantages of deferred grazing over yearlong graz- 
ing and season-long protection: (1) It restores and maintains the 
vegetation without the loss of the forage crop in any year; (2) it 
insures the seed being planted, thereby overcoming the chief disad- 
vantage of yearlong protection; (3) it does away with the fire danger 
resulting from the accumulation of inflammable material under year- 
long protection. 

In addition, if overstocking and bad management are guarded 
against, there will be no material injury to forest reproduction or the 
cover on watersheds. 

APPLICATION OF DEFERRED GRAZING TO RANGE MANAGEMENT. 

Deferred grazing can be applied on any range where the forage 
is palatable and nutritious after seed maturity, and where water is 

available for stock. The food value of the herbage of most species 
in the autumn is relatively high. The herbage of grasses and grass- 
like plants after seed maturity is somewhat better preserved than 
that of certain succulent weed species, whose leaves may either be 
dropped or partly decomposed. Consequently, grass lands need not 
be grazed as promptly after the seed matures as weed areas. The 
weed type of vegetation, however, matures its seed earlier than . 
grasses and grasslike plants, and so offers an exceptional opportunity 
for deferred grazing. 

Of course, the herbage can not be used unless there is an adequate 
supply of water for the stock. Water facilities may be developed 
on many ranges by the construction of dams, by the protection and 
development of springs, and even by digging wells and building 
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windmills. In years of normal rainfall the springs and small moun- 
tain streams are often replenished by the autumn rains, so that graz- 
ing after seed maturity is usually possible in all but the driest situa- 
tions. 

In range management under a system of deferred grazing the first 
things to consider are (1) the time at which the seeds of the im- 
portant forage plants mature and (2) the proportion of the grazing 
season remaining after seed maturity. These things must be known 
in order to determine what portion of the range may be set aside 
for autumn grazing. In the Wallowa Mountains one-fifth of the 
grazing season remained after the seed had matured, and accordingly 
one-fifth of the carrying capacity of each summer grazing division or 
allotment could be reserved annually for reseeding. The time of seed 
maturity varies, of course, with elevation and climate, and so will 
the proportion of range which may be set aside for deferred grazing. 
Since range lands are usually grazed by camps, the user will have no 
difficulty in selecting such areas. 

Once the area in need of reseeding has been selected, no stock 
should be allowed on it until after the seed has ripened. It should 
then be closely grazed, but not destructively. The stock should pass 
at least once over the entire area, so that the seed may be worked 
thoroughly into the ground. During the following season the same 
area should again be protected from grazing until the seed crop 
has matured. This is essential not only for the production of another 
seed crop but also to allow the young plants resulting from the seed 
of the previous year to become established. Early grazing must be 
avoided until the young plants are thoroughly established. Grazing 

. during the second season should be lighter than in the first year in 
order to keep down destruction of the seedling stand. Massing and 
running the stock by dogs should be done away with as far as pos- 
sible, and the stock should have the greatest practicable freedom. 
Ordinarily, an area should once more be grazed by the deferred 
method the third season, to insure the final establishment of a repro- 
duction from the first year’s seed crop and to give the seedlings 
from the second year’s crop a chance to develop. 

If three seasons of deferred grazing prove ample time for thorough 
revegetation of an area, a new portion of the range in need of re- 
seeding should be selected and managed in the same way. Through 
this continuous rotation it will not only be possible to restore the 
entire range, but, once it has been restored, to maintain the full carry- 
ing capacity of the lands. 
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SUMMARY. 

REQUIREMENTS OF PLANT GROWTH. 

1. The vigor of the vegetation determines the promptness with 
which growth starts in the spring. 

2. Prompt spring growth and luxuriant herbage are necessary for 
early and prolific production of flower stalks and for the develop- 
ment of a large and fertile seed crop. 

3. Repeated removal of the herbage during the growing period 
weakens the plant and delays the resumption of growth the next 
spring, retards the time of flower-stalk production, reduces the num- 
ber of stalks produced, retards the time of seed maturity, and results 
either in nonfertile or very few fertile seeds. 

4. Removal of the herbage after seed maturity in no way interferes 
with plant growth, while seed production and viability are the same 
2s when the herbage is undisturbed year after year. 

5. Germination of the seed and establishment of seedlings very 
largely depend upon the thoroughness with which the seed crop is 
planted. Artificial stirring of the soil after the seed is dropped is 
necessary to the permanent establishment of practically all seedling 
plants. 

6. Even when a fertile seed crop is well planted, there is a heavy 
loss in seedlings from freezing and drought during the first year. 
After this, however, there is no loss from this cause. 

THE MAINTENANCE OF A MAXIMUM FORAGE CROP. 

YEARLONG GRAZING. 

1. Continued removal of the herbage year after year seriously in- 
terferes with the growth and seed production of the forage plants. 

2. The vegetation is soon weakened, and in the absence of repro- 
duction the range steadily loses its carrying capacity and finally 
becomes depleted. 

YEARLONG PROTECTION. 

1. Yearlong protection is favorable to the growth of the vegeta- 
tion, and under it weakened plants readily recuperate. 

2. Practically no reproduction from seed is obtained, however, re- 
gardless of whether or not a fertile seed crop is produced, because the 
seed is not planted. Only the species whose seeds are provided with 
barbs or awns revegetate under yearlong protection. 

3. Economical yearlong protection is not practicable, since the for- 
age crop is lost during the long revegetation period. In addition, 
the accumulation of inflammable material increases the fire danger. 



16 BULLETIN 34, U. S. DEPARTMENT OF AGRICULTURE. 

DEFERRED GRAZING. 

1. The removal of the herbage crop after seed maturity allows the 
vegetation to recover its vitality as readily as when protected 
yearlong. 

2. The fertile seed crop produced is planted by the trampling of 
the stock. 

3. The nutritive value of the forage after seed maturity is rela- 
tively high; the herbage is grazed with relish, and there is no loss 
of forage. 

4. The lands must be grazed moderately during the time required 
for the seedling plants to become securely established. 

APPLICATION OF DEFERRED GRAZING TO RANGE MANAGEMENT. 

1. Deferred grazing can be applied wherever a fertile seed crop 
may be produced and where there are ample water facilities for 
stock while grazing. 

2. The area of the range to be set aside will be determined by the 
time of seed maturity and the amount of forage required between 
that time and the end of the season. 

3. The time required to reestablish a satisfactory forage stand 
will depend upon (a) the extent to which the range is depleted, 
(6) fertility of the seed and the thoroughness with which it is 
planted, and (c) climatic conditions and the care with which the 
lands are grazed after the planting of the seed crop. 

4. After the first area selected has been thoroughly revegetated 
it may be grazed early in the season and another area set aside for 
deferred grazing. The system should be continued after the entire 
range has been revegetated in order to maintain the vigor of the 
vegetation and allow the production of an occasional seed crop: by 
which the forage stand may be maintained. 

DDITIONAL COPIES of this publication 
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ENT OF DOCUMENTS, Government Printing 
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FACTORS GOVERNING THE SUCCESSFUL STORAGE 
OF CALIFORNIA TABLE GRAPES.' 

By A. V. Stupenraucu, Pomologist and Horticulturist, and C. W. MANN, 

Assistant Pomologist in Fruit-Transportation and Storage Investigations. 

INTRODUCTION. 

During the past seven years the Bureau of Plant Industry has been 
engaged in a study of the behavior of California table grapes in 
storage, the primary object for which the work was undertaken being 
the determination of the possibility of extending the territory over 
which these grapes may be distributed, as well as of lengthening their 
marketing season. Under existing conditions of storage, transporta- 
tion, and marketing, the major portion of the California grape crop 
must be marketed within six weeks or two months after picking, and 
any great increase in output during such a limited season is likely to 
result in a glutted market and low prices. Present prospects indi- 
eate a large increase in production during the next 5 or 10 years; 
in fact, were the entire acreage in California now planted with table 
grapes to come into full bearing within the next five years it is esti- 
mated that the output would be nearly doubled. Table I shows the 

growth of the California table-grape industry during the past 11 
years. 

1The investigations summarized in this paper were carried on during seven con- 

Secutive seasons, beginning in 1906. The work may be considered as an example of the 

successful demonstration and epplication under actual commercial conditions of 

principles and practices developed from careful observation and experimentation. The 

results in so far as the preliminary experimental phases of the work were concerned 

were ready for publication several years ago. It was felt, however, that unless an actual 

demonstration of the application of the principles under commercial shipping, storing, 

and marketing conditions could be accomplished under the supervision of the Depart- 

mental workers the industry would not accept or utilize the results in any effective way. 

The successful packing, storing, and marketing of grapes handled in accordance with the 

results of the work during two seasons give assurance that this system will become a 

permanent feature of the California table-grape industry. The important commercial 

test of 1912, comprising more than 30 carloads of fruit, was made possible by the con- 

Signments supplied by the following growers: A. H. Backer, Backer Bros. Vineyard, 

P. M. Baier, Steve Baker, Hisen Vineyard, Gunn Vineyard, Lines & Anderson, N. M. 

Miller, J. F. Putnam, Redbanks Orchard Co., G. C. Roeding, and M. M. Shooshan.- 

Throughout the seven seasons during which the work was in progress, the successful 

prosecution of the experiments was largely due to the hearty cooperation afforded by a 

large number of growers of table grapes in Californiaa—Wmn, A. TAyLor, Chief of Bureau, 

11971°— Bull. 35—13——_1 
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TABLE I.—Shipments of fresh grapes from California, 1902 to 1912, inclusive. 

l 

Crop year. Carloads. Crop year. Carloads. Crop year. Carloads. 

a, i 10395)| [9068 oye ers ee 2) 052) || 1910 sess ee ee 4,948 
ee cee 1804) L900 2 soc ones eee eee 3, 4608|| 1900s. caters eo 6,375 

Bee Ss Ree ea Cae 14510 519082 2vk ose senee oka 3: 8161] 191Se: hanes gee ueeeeeed eG. Shah 
Rose Re ee 1; 602 || 19095 -sstuteel Ladle f 5,875 

1 Compiled from the annual numbers of the California Fruit Grower. 

Much difficulty has been experienced in the past in transporting 
grapes over long distances and in holding them in sound condition 
long enough to get the benefit of the late holiday demand. As long as 
the present methods of picking and marketing table grapes remain 
unchanged the area over which the fruit can be distributed in sound 
condition is practically limited to its present dimensions. It is nec- 
essary, therefore, to find new markets within this area as outlets for 
the increasing production and to create a larger demand for this 
class of fruit, as well as to extend the area and lengthen the market- 
ing season by improving the methods of handling and storing the 
grapes. 

In addition to the great increase in the production of California 
table grapes, importations from Spain continue large. Table II’ 
shows the quantity and value of Spanish. grapes imported into the 

United States during the past seven years. ~- 

TABLE II.—IJmports of Spanish grapes into the United States during the fiscal 
years 1907 to 1913, inclusive. 

Fiscal year. Cubic feet. | Barrels.1 Pounds. Value. 
* 

RODE ee 29 te eee ck eRe ETE ERGOT eae Pe Ee 1, 278, 325 655,551 | 30,810,897 | $1,531,352 
190889. sabe. cu Eee oh Peet ee ae ee 2,193,617 | 1,124,932 | 52,871,804| 2,673, 563 
dCi) oot ne Ma NL MOUS AE owl ee SO es 1, 145, 748 587,563 | 27,615,461 | 1,473,095 
19100. Sicec. ag hd. sa sdeee ee. Sea ale 1,319, 907 676, 875 | 31,813,125 | 1,591,800 
AQUI ee eto oe a Skee nine oe 1 eee een aR 1, 448, 420 742,779 | 34,910,613 | 1, 637, 281 
AQT OE ARGS CS A eee SE TU Re ae Rega i ee 1,969,651 | 1,010,077 | 47,473,619 | 2, 254, 946 
SEES ea ria AM ORT Ce OE a tonrnes Soe Fer 1, 104, 799 566, 564 | 26,628,518 | 1, 285, 203 

1 A barrel contains 1.95 cubic feet, the grapes weighing approximately 47 pounds. 

The grapes produced in California are of the Vinifera or Euro- 
pean type, differing materially from the American or native grapes 
grown in the eastern and central-western sections of this country. 
They are of the same general type as the “Almeria” or “ Malaga” 
grapes imported from Spain, although the Almerian varieties are 
not as yet produced in commercial quantities in the United States. 
The Spanish grapes begin to arrive during the latter part of Septem- 
ber, most of the shipments reaching this country during November; 
the fruit is then marketed throughout practically the entire winter, 

* Compiled from the Annual Reports on Commerce and Navigation of the United States, 

Lepartment of Commerce and Labor, 
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STORAGE OF CALIFORNIA, TABLE GRAPES. 3 

and to some extent during the spring months, although the heaviest 
demand is naturally during the holidays. The late varieties of Cali- 
fornia table grapes now compete principally with the first shipments 
of Almeria grapes, and any extension of their marketing season will 
necessarily mean increased competition with the imported fruit. 

With the exception of small shipments sent to Boston, Baltimore, 
and one or two other places, all of the Spanish grapes are unloaded 
at New York and from there distributed throughout the country. 
‘The fruit is packed with a filler of ground cork and is shipped in 
barrels containing about 47 pounds net. Most of it arrives in cargo 

Fic. 1.—Imported Almeria grapes on the dock at New York. This shows the major por- 

tion of two cargoes aggregating 110,000 barrels. 

lots of 20,000 to 60,000 barrels, which are sold at auction a few 
days after arrival, being held in common storage until disposed of. 
Figure 1 shows the major portion of two cargoes of Spanish grapes 
stacked on a pier in New York. The fruit is bought by speculators, 
by fruit companies, and by agents representing retail dealers and 
fruiterers in various parts of the country. The cargoes are listed 
on auction sheets which give information regarding the brands and 
the quality,and number of barrels of each brand offered. Certain 
brands which have a reputation for fine quality are in demand and 
generally realize high prices at auction. The quality of fruit in each 
lot is judged by the inspection of samples which are displayed during 
the sale, the number of barrels opened for inspection depending on 
the total number of barrels in each lot. These grapes are emptied 

on a table or platform elevator and are raised to the auction room, 
where the inspection and bidding usually consume only a few sec- 
onds. This fruit is later repacked and sold at a discount as “sample 
barrels,” 
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Table III shows how wide was the range in the prices of the differ- 
ent gradec of Spanish grapes sold at auction in New York during 
1911-12 and 1912-13. 

TasLe Ill.—Range in prices of Spanish grapes sold at auction at New York 
during the seasons of 1911-12* and 1912-137 

Number : 
Extra fancy | Extra choice F 

Month. a et io and fancy. pnich cHeies Ordinary. Poor. 

1911 : 
Septembers: oss. 44o. se 2-e tee 17,300 | $2.873-$4.625 | $1. 75-$3. 50 $1. 25-$2. 75 $0. 25 -$1. 75 
October a2-sesscan eee ..-| 203,000 | © 3.50 — 6.00 2.50- 4.00 2.00- 2. 874 .75 — 2.874 
November 424,000 | 3.50 -— 9.12% 2.50- 3.75 2. 00- 2.75 - 37 2.624 
December 144,000 | 3.75 - 8.50 2550 = 3-1 (Ove | Wee eee eee . 623— 2.50 

Jantarye tos eee ema sae 5; S00 s Paes. Sec ceecee 2. 25= 4.201 seg gee oes - 623— 2.25 

794,100 | 2.874~ 9.12% 1. 75- 4. 25 1. 25- 2. 874 -25 — 2.874 

Septem berse cose oe see 16,210 | 4.00 — 4.874 2502; dcko) || Sae ec aoe 2.37% 
Octobers tee se oc sees eee eee »...| 189,200} 3.75 - 9.123 2. 00="4550) 4 | Peeseneeceeeaes 1.00 — 2. 25 
Novemibererin- sa) a ane 281,600 | 4.50 — 9.12% 2..15=: 4878 aocet eee aes 1.50 — 3.00 
December eee oa eee 19,390 | 4.25 — 6.123 3:00= 5 00) iteeeeccmeees we 1.123— 3.75 

1913 
January oof ee soe oa ge eee 1,600 | 5.00 — 6.374 oi O0ah4s (Ona eek saan 1.12}— 2.75 

508,000 | 3.75 — 9.124 2. 00= oR 00 WM soccer 1.00 — 3.75 

1 First sale, Sept. 22, 1911; last sale, Jan. 2 and 3, 1912. 
2 Virst sale, Sept. 17, 1912; last sale, Jan. 6, 1913. 

The grape-storage investigations of the Bureau of Plant Indus- 
try included a study of the possibility of substituting the native- 
grown grapes for at least a portion of the imported fruit. It 
will not be possible to entirely replace the Spanish fruit save by the 
successful production in commercial quantities of varieties as long 
keeping as those shipped from Spain. Thus far it has been found 
impossible to hold any commercial California varieties throughout 
the entire winter season. The successful storage of Califorriia table 

grapes depends, therefore, upon their adaptability for keeping in 
sound and marketable condition through the holiday season at least. 

EARLY GRAPE-STORAGE INVESTIGATIONS. 

When the work of the Bureau of Plant Industry was begun in 1906 
there were no established precedents to serve as guides, no: systematic 
investigation of the behavior of California table grapes in storage 
having been made up to that time. It was necessary, therefore, to 
study the fundamental factors governing the behavior of the fruit, 
and the first efforts in the investigation were directed toward de- 
termining the nature of these factors. 3 

Perhaps the most important of these influences is the type of pack- 
age in which the fruit is shipped, and next in importance is the 
character of filler used. Practically all of the California grapes are 
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Fic. 1.—GROUND CORK, FROM A BARREL OF ALMERIA GRAPES, 1912. Fic. 2.—COARSE 

GRANULATED CORK, USED IN THE SEASON OF 1909. Fic. 3.—FINE GRANULATED 
Cork, USED IN THE SEASON OF 1909. Fic. 4.—CoRK WASTE, 1912. 

(All natural size.) 



! 

Bul. 35, U. S. Dept. of Agriculture. PLATE II. 

Fic. 1.—REDWOOD SAWDUST, FROM RESAWING, NOT FANNED, USED IN THE SEASON OF 

1909. Fic. 2.—REDWOOD SAWDUST, FIRST SAWING, FINE, NOT FANNED, USED IN THE 
SEASON OF 1910. Fic. 3.—REDWoOOD SAWDUST, MEDIUM FINE, NOT FANNED, USED 
IN THE SEASONS OF 1909 AND 1910. Fia. 4.—GROoUND REDWoOoD MILL SHAVINGS, 
NOT FANNED, USED IN THE SEASONS OF 1908 AND 1909. 

(All natural size.) 
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marketed in splint baskets inclosed in slatted crates. The full or 
“ double” crates formerly contained eight 5-pound baskets, but these 
are now used only to a slight extent. The smaller crates in common 
use, sometimes designated as half crates, contain four 5-pound baskets 
or two 10-pound baskets, packed high to make a full net weight of 
24 to 26 pounds of fruit. Although no filler had been used in pack- 
ing grapes for commercial shipments before the Bureau work was 
begun, systematic investigation soon showed the use of the ordinary 
commercial crate without a filler to be unsuitable for packing grapes 
intended for long-time storage. Tight boxes holding about 10 
pounds of fruit were used in the first experiments, some of the grapes 
being packed with a filler and some without a filler. The tight pack- 
ages without a filler proved to be as unsuitable for long storage as 
were the slatted crates. When a filler was employed, however, the 
period during which the grapes could be held in good condition was 
considerably lengthened, and for long storage a filler was found to be 
absolutely necessary. 
When the search for a suitable material was begun by the Bureau 

workers the standard of comparison first used was cork dust, or 
ground cork, similar to that in which the Spanish grapes are packed. 
(Pl. I, fig. 2.) It was soon realized, however, that it would be prac- 
tically impossible to obtain large quantities of cork on the Pacific 
coast at a price sufficiently low to make possible its commercial use, 
and the Department work therefore included the study of a number 
of possible substitutes. As there were no precedents to guide these 
early investigations, every possible filling material was thoroughly 
tested, including corn pith, shredded paper, wheat bran, corn meal, 
coconut pollen, ground and shredded tule, and redwood sawdust. 
It is unnecessary to describe in detail the results of these tests, since 
all except the redwood sawdust proved unsatisfactory for one reason 
or another. Fortunately for the California table-grape industry 
if this system of handling assumes large commercial importance, the 
redwood sawdust from the start proved even superior to the ground 
cork. The grapes were found to keep longer and in better condition 
under the same storage conditions when packed with a filler of red- 
wood sawdust than with any other material. This surprising success 
was at first questioned, but repeated investigations during the past 
seven seasons have fully corroborated the results of the early work. 

The reason for the better holding quality of redwood sawdust is 
not fully understood. In the first experiments the sawdust from 
planing mills was used (Pl. II, fig. 1), and as this was composed 

_ almost entirely of very minute particles its superior holding quality 
was thought to be due to the fineness of the material. A comparison 
of cork ground to the same degree of fineness showed, however, that 
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something more than the mere size of the sawdust particles was re- 
sponsible for the difference. It has not been possible as yet to ascer- 
tain the exact nature of this property. 

VARIETIES TESTED. 

The cold-storage experiments of the Bureau included tests of all 
the leading varieties of table grapes, some of which are grown com- 
mercially in California. These included Muscat, Malaga (Pl. IV), 
Flame Tokay, Thompson Seedless (Sultanina), Ferrara, Emperor 
(Pl. V), Verdal, Black Prince,-Cornichon, Huasco, Bowood, Pizzu- 
tella, Perruno, Chasselas de Fontainebleau, Zabalkanski, Almeria 
(Ohanez, Pl. VI), and a number of other varieties not yet widely 
distributed. ; 

Table IV shows the length of time during which the principal 
varieties were held in sound condition in cold storage. The figures 
show the number of days that elapsed from the time the fruit was 
placed in storage until deterioration of 5 per cent and 15 per cent 
occurred. These percentages were adopted after observations of the 
comparative marketability of fruit in different stages of deteriora- 
tion. With less than 5 per cent of deterioration the grapes may be 
considered commercially sound. Between 5 and 10 per cent of de- 
terioration is quite perceptible and affects the market value of the 
fruit. More than 10 per cent of deterioration is serious and subjects 
the fruit to a discount, while 15 per cent is about the commercial 
limit. Fruit showing more than this percentage of deterioration is 
practically worthless. In this table the figures for “ deterioration ” 
include both decay and berries shelled from the stems. 

TasBLteE IV.—Results of the California grape-storage experiments during the 
seasons of 1906 to 1911, inclusiwe, showing the minimum and maximum nwmn- 
ber of days the principal varieties were held at 32° F. before 5 per cent and 
15 per cent of deterioration appeared. 

Method of packing and percentage of deterioration. 

Varieties. Redwood sawdust. » Granulated cork.) . Commercial crates 
without a filler.! 

5 per cent. | 15 per cent.| 5 per cent. |15 percent. | 5 per cent. | 15 per cent. 

Days. Days. Days. Days. Days. Days. 
Almeria (Ohanez)...........-. 70t0155 | 150 to 285 90 to 120 | 120 to 175 55 to 70 80 to 110 
Cormichon) =o. 2225) 2 ee 50 to 85 70 to 150 75to 80] 100to140 20 45to 60 
FEM peror= =o = ee 80 to 120 95 to 180 65 to 80 90 to 105 35 60 
Marana - 55 ek Ses ss re 2140 160 80 90 to 95 35 45 to 60 
MAlROR 2 FR ee on ae ee 50 to 80] 105 to 120 5 to 60 20 to 115 240 35 to 85 
IMuscsinti et oF ee eke ®8to 75 24 to 110 5to 60 15 to 110 5 to 30 20 to 65 
Piv7iteas. 5 ory Ak asics oe 430 to 65 70 to 110 20 to 55 55 to 90 10 to 30 30 to 50 
FlamelPokay teh sss - fife 545to 60 80 to 120 35 to 50 60 to 100 45 60 
EN a Sa eee 455 95 to 130 60 90 to 110 5 15to 25 

1 Seasons of 1906 to 1909. No cork filler or commercial crates were used after 1909. 
2 One season only, 1909. Seasons of 1906 to 1910. 4 Seasons of 1906 to1909. 5% Seasons of 1906 to 1911. 
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The minimum and maximum number of days before the develop- 
ment of 5 per cent and 15 per cent of decay, as given in this table, 
are the extremes found in the different years during which the work 
was in progress. The wide variations are due partly to seasonal con- 
ditions and partly to differences in the handling and shipping meth- 
ods. In most cases the fruit was packed and sent to storage promptly, 
a delay of only one day intervening between packing and storing. 
During one or two seasons, however, there was an accidental delay 
ranging from three to five days in placing the packed fruit under 
refrigeration, and even this comparatively short interval had a mate- 
rial influence upon the length of time during which the grapes re- 
mained in sound condition. In interpreting the results it should be 
borne in mind that the figures shown are extremes. The minimum 
limit indicates the probability of success or failure in the storage 
work. The higher figures are likely to be misleading if one expects to 
accomplish the maximum every season or under all conditions of 
culture, handling, and age of vines. The fact that there are extreme 
ranges even under the best system of management and with the 
most careful methods of handling emphasizes the great importance 
of close attention to every detail. 

Table V shows the approximate dates of packing and the subse- 
quent storage seasons of the principal varieties tested when packed 
in redwood sawdust and stored at 32° F. These dates indicate the 
possible marketing periods of the different varieties as produced 
under present conditions in California. Later investigations may 
modify these seasons to some extent, but they are not likely to be 
shortened. 

TABLE V.—Packing and storage seasons of the principal varieties of California 
table grapes when packed in redwood sawdust and stored at 32° F., showing 
the approximate date when 5 per cent of deterioration developed and the 
approximate extreme limit of storage. : 

Approximate date | , proximate extreme 
Varieties. Packing season. 

when 5 per cent of 
deterioration devel- 
oped. : 

commercial limit of 
storage. 

Almeria (Ohanez).....--------- OG 10 1) 2H2-5s565555 
Cornmichon 25: 33.. testes eee Oct Toso aaa 
FDP EVOL roe se to eee be Ocialsit0;2523 == 2 
Merraraessses sseiscece st Sees Oct lOito W525. 52 222- 
Malaga... ..| Aug. 25 to Sept. 20--.- 
Muscat. ..-- al) Seis I io) WHS So oeseses 
Pizzutella.. . se 
Flame Tokay........---------- 
Werdalerees Sabie. ot Sat ep ae 

Sept. 15 to Oct. 10... -- 
Sept. 25 to Oct. 25 ....- 
Oct-10 tons eee eee 

Nov. 20 to Dee. 10... -- 
Decry aiee eee 

Feb. 15 to Apr. 1.1 
Jan. 1 to Feb. 1. 
Jan. 10 to 31. 
Jan. 15.2 
Dec. 1 to 15.3 
Nov. 15 to 25. 
Nov. 15 to 30. 
Dec. 1 to Jan. 1.4 
Dee. 20 to Jan. 10. 

1 Under some exceptionally favorable conditions 15 per cent of deterioration did not develop in this 
variety before May 15; in some cases this percentage was shown by January 1. The grapes used in the 
tests were not of the best grade, the variety not being produced in commercial quantities in California. 
With a wider range of grapes from which to select lots for storage, a more uniform showing may be expected. 

2 Only one season’s test in redwood sawdust. 
2 There seems to be considerable variation in this variety. Im some cases the grapes held in first-class 

condition until January 15; in others the storage limit was reached before December 1. The bulk of the 
grapes shipped as this variety are of the latter class, and there seems to be sufficient ground to believe 
that the variety widely planted under this name in California is not the true Malaga. ; 

4 There is wide variation in the quality of Flame Tokay grapes, depending upon the age of the vines 
and the character of the soil upon which they are grown. Seasonal infiuences also play a very important 
part in the behavior of this variety. 
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The dates given in this table are not absolute; they are approxi- 
mate averages made from many observations during three or four 
seasons and are meant to indicate the behavior of the different vari- 
eties in cold storage when handled with sufficient care to insure their 
being packed in sound condition. There is always wide variation 
between different seasons and frequently between different packages 
during the same season. This diversity is likely to be more pro- 
nounced when the fruit is packed under ordinary commercial con- 
ditions than is the case when the handling is done with extreme care 
under experimental conditions. 

MOST FAVORABLE TEMPERATURE FOR GRAPE STORAGE. 

Grapes used in the experimental storage tests were held in common 
storage at temperatures ranging from 55° to 60° F. and in cold stor- 
age at 38° and 32° F. Tables VI and VII give the results of the 
storage temperature tests, the data being presented in terms of the 
number of days elapsing before 5 per cent, 10 per cent, and 15 per. 
cent of total deterioration developed. Comparable experimental 
series were used each season and the figures presented give a fair 
indication of the influence of the storage temperature upon the length 
of time that the grapes will remain in good condition. Table VI 
clearly shows the limitations of common storage as compared with 
cold storage at 32° F., for under the latter conditions nearly four 
times as many days elapsed before the development of 5 per cent of: 
deterioration, while the 10 per cent period was not reached until three 
times as many days had passed, and the 15 per cent period almost 
three times as many. 

TABLE VI.—Comparison of storage temperatures for table grapes showing the 
number of days the grapes were held in common storage (from 55° to 60° F.) 
and cold storage (32° F.) before 5 per cent, 10 per cent, and 15 per cent of 
deterioration appeared during the season of 1908. 

Kind of storage and percentage of deterioration. 

Common storage Cold storage 

Variety. Packing. (55° to 60° F.). (32° I".). 

5 10 15 5 10 15 
per per per per per per 

cent. | cent. | cent. | cent. | cent. | cent. 

Days. | Days.| Days. | Days. | Days. | Days. 
Almeria. . .| Cork, granulated . é 33 43 50 105 119 128 

-| Cork, shredded... 40 55 64 118 135 146 
.| Redwood sawdus 46 62 72 157 190 212 
.| Co oH Belated: 21 29 34 55 69 77 
ert ORs. - eee sa ae 10 18 25 65 75 2 

S} (it C; ae “aiedded es ane ee ee 26 34 39 65 74 80 
Redwood sawdust..........- 14 43 46 75 94 105 
Cork, granulated.......-..-. 23 30 35 63 69 75 
Redwood sawdust........... 12 19 24 72 84 91 
Cork, granulated........-.-- 12 19 24 57 64 70 
Cork, fine granulated......-- 15 19 21 42 52 58 
ast doe: 74.4). ear 17 21 25 77 87 96 
Cork, shredded........-..---- 10 17 21 29 41 48 
Cork, pranulatedtyiesnse- noe 15 21 25 68 84 93 
Cork’ shredded He Sash AL 15 31 45 78 92 102 
Redwood sawdust......-..-- 17 28 35 45 68 83 
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Table VII gives the results of storage tests made with Almeria and 
Emperor grapes at 32° and 38° F. during the season of 1909. The 
superiority of the lower storage temperature for longer holding 

periods is clearly demonstrated. 

TABLE VJ1.—Comparison of storage temperatures for table grapes, showing the 
number of days the grapes were held at 32° and at 38° F. before 5 per cent, 
10 per cent, and 15 per cent of deterioration appeared during the season of 

1909. 

Storage temperatures and percentage of 
deterioration. 

Variety. Packing. ao TD 38° F. 

5 per | 10 per | 15 per | 5 per | 10 per | 15 per 
cent. cent. cent. cent. cent. cent. 

Days. | Days. | Days. | Days. | Days. | Days. 
63 75 82 29 40 46 AmMeriatessss ssc 5-5 Crate (no filler)........-.--- 

WD OGRE ee eo sciaccce a Cork, granulated .........--- 90 98 103 68 87 105 
ID@22 as Cee eee Redwood sawdust......---- 95 113 124 85 98 105 

ITEP ALOU Se a see ise seo eee OO HAe Sane See. sem anes 100 114 122 62 90 103 
Oa sal Seapren eae eres GOSS sen remaster 102 135 152 86 103 134 

The differences shown in these tables do not tell the whole story. 

Grapes held at 32° F. were superior in general appearance and 
quality to those held either in common stor¢ge or in cold storage at 
58°, and from this standpoint alone the lower temperature is desir- 
able. In the later investigations of the Bureau of Plant Industry 
32° KF. was adopted as the standard and was used exclusively. 

| PREPARATION OF THE REDWOOD SAWDUST FILLER. 

The redwood sawdust used in the first experiments was obtained 
from planing mills and consequently was made from dry lumber. 

. The material was fine and contained a large proportion of dust and 
slivers. (PI. II, fig. 1.) While the grapes held in excellent condition 
in this grade of sawdust, the fine particles and slivers clung tena- 
ciously to the berries and the material packed so tightly in the 
interior of the bunches that it could only be dislodged with great 
difficulty. The fine particles became entangled with the dried per- 
sistent stamens around the pedicels of the berries and it was almost 
impossible to dislodge them completely even with a strong air blast. 
The market appearance of the fruit was greatly marred by the 
presence of these particles, and it became evident that they would 
have to be eliminated if the grapes were to be commercially accept- 
able. In the later experiments, therefore, the sawdust was sifted and 
only the larger particles were used. The appearance of the cleaned 
redwood sawdust resembles to some extent that of the cork used by 
the Spanish packers. (PI. III, figs. 1 and 2.) It was found that the 

11971°—Bull. 35—13——_2 
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grapes held as well in.this coarse sawdust as in the fine material and 
that the large particles separated readily from the grapes and could 
be easily shaken or blown out. 
A most effective method of dislodging the sawdust is by means 

of an air blast, which frees the particles from the bunches without 
in any way injuring their appearance. When large quantities of the 
grapes are to be separated from the filler it 1s advisable to accom- 
plish the work by means of such a device. In the investigations of 
the Bureau of Plant Industry a tray or frame covered with wire net- 
ting of one-fourth inch mesh has been used to good advantage. The 
packages of grapes are emptied into the trays or on the frames, and 
by means of an air blast the sawdust particles are blown through the 
wire netting, leaving the fruit free. For grapes with a tender skin 
this blast should not be too strong, 10 or 15 pounds pressure being 
ample to dislodge all the particles. The use of an air blast is not 
necessary to free the grapes from the coarser grade of sawdust, dis- 
lodgment being accomplished by merely shaking the bunches, as is 
done with the cork-packed grapes. The air blast greatly facilitates 
the work, however, and its use is suggested from that standpoint 
alone. 

The quality of the sawdust and its method of preparation are 
of prime importance. It is necessary to have the redwood abso- 
lutely pure, as the slightest mixture of other woods, such as pine, 
cedar, or spruce has been found to taint the flavor of the grapes very 
quickly. Those who are interested in the packing of California 
grapes in this way should use every precaution to obtain redwood 
sawdust of the best quality. Some of the inquiries received by the 
Bureau of Plant Industry indicate that the importance of this point 
is not always sufficiently appreciated. Plates I, II, and III show 
natural-size photographs of the different grades of ground cork and 
redwood sawdust under observation during the course of the work. 
Plate 1, figure 1, shows the size and shape of ground-cork particles 
taken from a barrel of imported Almeria grapes. The suitability 
of this material is well known and no comment is necessary here. 
Plate I, figures 2 and 3, show the nature of the cork used in the 

Bureau experiments to show the relative adaptability of cork and 
redwood sawdust ay grape-packing materials. It will be noticed that 
the coarser grade shown in Plate I, figure 2, is more uniform than is 
that used by the Spanish packers. Plate 1, figure 3, shows the fine 
cork used to determine whether or not the small size of the sawdust 
particles was responsible for the better holding quality of the grapes 
in that material. Plate I, figure 4, shows a sample of ground cork 
waste offered by one of the cork-manufacturing companies during 
1912. The shreddy nature of this material makes it unsuitable for a 
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Fic. 1.—REDWOOD SAWDUST, COARSE, KILN DRIED, FANNED, USED IN THE SEASON OF 
1911. Fic. 2.—REDWooD SAWwbDusT, FIRST SAWING, COARSE, FANNED, MADE WITH 
EDGER SAW. FIG. 3.—REDWOOD SAWDUST, FINE, FANNED, FROM BAND SAW, USED IN 
THE SEASON OF 1910. Fic. 4.—REDWooD SAWDUST, FINE, FANNED, USED IN THE 

SEASONS OF 1909 AND 1910. 

(All natural size.) 
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A BUNCH OF MALAGA GRAPES FROM A DRUM PACKED WITH REDWOOD SAWDUST, 
AFTER TWO MONTHS IN COLD STORAGE IN NEW YORK CITY. 

(Greatly reduced in size.) 
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A BUNCH OF EMPEROR GRAPES AFTER 90 Days IN COLD STORAGE, 
PACKED IN REDWOOD SAWDUST. GROWN AT LODI, CAL. STORED 

AT PASADENA, CAL. 

(Greatly reduced in size.) 
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A BUNCH OF CALIFORNIA-GROWN ALMERIA GRAPES AFTER 80 DAYS IN COLD STORAGE, 

PACKED IN REDWOOD SAWDUST. PASADENA, CAL. 

(Greatly reduced in size.) 



STORAGE OF CALIFORNIA TABLE GRAPES. 11 

uniform pack, and its use can not be recommended until its efficiency 
has been more fully demonstrated. 

Plates II and III represent the different grades of redwood saw- 
dust used in the Bureau work. Plate IJ, figure 1, shows the fine ma- 
terial obtained from resawing operations in planing and finishing 
mills. This was the first material tested and gave the first favorable 
results from redwood sawdust. As has been mentioned before, the 
grapes will hold in first-class condition in this grade of sawdust, but 
the fine particles and slivers cling tenaciously to the berries and can 
not be dislodged from the interior of the bunches. Plate II, figure 
9, illustrates a similar material obtained from the first sawing opera- 
tions. This grade also contains too large a proportion of fine par- 
ticles and slivers to make it an acceptable filler for grapes. Plate IT, 

figure 3, is much better than either of the foregoing samples, but 
this also contains too large a proportion of fine splinters. Plate II, 
figure 4, shows the result of attempts to grind chips, waste blocks, 
and ends from planing mills. This material is wholly unsuited for 
grape packing. As yet no successful machine has been invented 
which will convert redwood waste into an acceptable packing ma- 
terial by means of special grinding. A number of devices have been 
tried, but always without success. 
Plate III shows acceptable grades of redwood sawdust, the nearest 

-approach to the ground cork used by the Spanish packers being those 
illustrated in figures 1 and 2 of this plate. Both of these grades 
were prepared by a sawmill company and were used in the com- 
mercial shipments of 1911. They illustrate the proper grade of saw- 
dust for commercial shipments, and grape packers should make sure 
that their filler is of this character. Plate III, figures 3 and 4, show 
finer ground materials which are acceptable as fillers. There is, how- 
ever, almost too large a proportion of small particles, which are lable 
to prove troublesome unless an air blast is used to dislodge them. 
It is hoped that these illustrations will serve as a guide to milling 
companies who prepare the material and to prospective packers. 

The coarser redwood sawdust obtained from the first sawing of 
green logs contains a large proportion (about 50 per cent) of coarse 
particles and can be dried and cleaned with comparative ease. The 
importance of securing properly cleaned, dry sawdust can not be 
overemphasized. If it is obtained directly from the sawmill without 
special preparation it should either be kiln dried or thoroughly dried 
in the sun. Damp sawdust will not hold the grapes in good condi- 
tion, and sawdust which has been allowed to ferment is likely to have 
a sour or pungent odor which will seriously taint the flavor of the 
grapes. The lumber companies on the Pacific coast are making 
arrangements to clean and dry the sawdust as it comes from the band 
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saws, and as soon as there is sufficient demand these firms will be pre- 
pared to furnish large quantities of properly prepared material at 
prices which will render possible its use for commercial grape 
packing. | 

The fine particles can be easily separated from the coarse material 
by passing the dry sawdust through a revolving cylindrical sieve. 
A type of cleaning apparatus devised in the grape-storage investi- 
gations of the Bureau of Plant Industry consists of two cylindrical 
sieves from 6 to 10 feet long, mounted on a continuous shaft in an 
inclined position, the sieves being made of strong 6-mesh and 14-mesh 
wire screen. Sawdust of the proper grade is obtained by sifting 
the fine dust through the 14-mesh screen, while the coarse particles 
are carried over on the 6-mesh screen. Instead of using two sep- 
arate cylindrical screens mounted on a continuous shaft, much space 
may be saved by having the wider mesh screen inclosed within a 
larger one of the 14-mesh size, the double cylinder revolving on an 
inclined shaft. The crude sawdust is emptied into the inner screen, 
which removes the coarse chips and splinters, allowing the residue to 
drop through into the outer, finer mesh cylinder. This screen in 
turn allows the objectionable small slivers and dust to sift through, 
while the desirable material is carried to the end of the cylinder and 
either emptied into a receiving bin or run directly into sacks. When 
packed in this material the grapes can be freed from the sawdust 
by slightly shaking the bunches on removal from the package. 

During the season of 1911 one of the large redwood-lumber milling 
companies in California cooperated with the Bureau of Plant In- 
dustry in devising a practicable method of drying and cleaning the 

sawdust on a commercial scale. The stccessful outcome of this 
work enabled the company to furnish to some of the grape growers 
enough sawdust to pack several carloads of grapes, the cost of this 
material averaging about.14 cents per drum. It is believed, however, 

that with the construction of special machinery for drying and 
cleaning the sawdust, large quantities can be handled easily and 
quickly and the cost of preparation considerably reduced. 

THE GRAPE DRUM OR BARREL. 

A small barrel or drum has thus far been found to be the most 
acceptable container for grapes packed in sawdust. These drums 
are made of thin veneered cottonwood, lined with heavy strawboard. 
The drum used during the season of 1911 was about 12 inches in 
diameter, 17-inches in height, and had a net capacity of 27 pounds 
of grapes, the empty drum weighing about 54 pounds and the filler 

about 9 pounds. A drum of larger size (Pls. VII and VIII) suitable 
for commercial shipments has now been adopted by some of the 
grape growers and shippers who wish to establish a package of stand- 
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ard size for the future. This drum holds from 33 to 36 pounds of 
grapes net. The drum used for the commercial shipments of 1912 
will be discussed later. 

The Almeria grapes imported from Spain are packed in barrels 
made of thin staves of oak, chestnut, or pine supported by wooden 
hoops. As was previously stated, the average net weight of fruit 

in these packages is about 47 pounds. These barrels are sometimes 
broken open in transit and the grapes greatly damaged by rough 
handling. 

PACKING GRAPES IN REDWOOD SAWDUST. 

The importance of packing quickly and of storing and cooling 
promptly can not be too strongly emphasized, especially when a filler 

Fic, 2.—A stack of field boxes of grapes, showing the method used to cool the fruit dur- 

ing the night. 

of redwood sawdust is used. The temperature of the grapes at the 
time of packing is an important factor in preserving the fruit in good 
condition during a long holding period. Sawdust has a strong insu- 
lating effect, and even under the best conditions cooling within the 
package is comparatively slow. It is therefore imperative to have 
the grapes as cool as possible when packed. All fruit picked during 
the hot part of the day should be cooled overnight by stacking the 
field boxes in the vineyard, and the grapes should be packed the 
next morning before they have a chance to warm. In this way the 
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temperature of the fruit can be reduced 15 or 20 degrees, depend- 
ing upon the natural night temperature. Figure 2 illustrates one 
method of stacking the field boxes in the vineyard for night cooling. 
If this method is impracticable, it is desirable to precool the packed 
fruit in well-refrigerated rooms as promptly as possible before load- 
ing on the cars. The ice of the refrigerator car can not safely be de- 
pended upon to lower the temperature of the grapes if they have 

been packed warm, for the tight package and the necessary close 
loading of the drums render cooling very slow. If the grapes are 
cooled before loading, however, the ice in the refrigerator car is only 
needed to offset heat leakage from outside, and the temperature 
can thus be held nearer the desired point. The ice is sufficient to 

Fic, 3.—Packing Emperor grapes. The men shown in the foreground fill in the sawdust 
and shake it down between the grape berries by tapping the sides of the drum with 

rubber-covered handles, to be seen on the table in the middle of the picture. The 

sacks shown contain the dried and sifted sawdust. 

accomplish this without difficulty, except in warm weather or in very 
inferior refrigerator cars. Even under exceptional weather condi- 
tions the rise of temperature is very slow within a cool grape package 

or a closely loaded car well equipped with refrigeration facilities. 
The fruit must be carefully graded and all imperfect or injured 

berries removed. In order to obtain the best results a special crew of 
graders should be employed for this work. Inspection of the fruit in 
the packing house and in the market has shown that unless the 
closest supervision is maintained the quality of the pack is inferior 
when the culling and grading are done by the packers themselves. 
Moreover, proper inspection is possible only when the fruit is culled 
and graded before it is conveyed to the packers. 
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A convenient packing support for the drums and field boxes can 
be made of 2 by 4 inch scantling. Two strips of convenient length 
are fastened together 8 or 10 inches apart, with the proper frame- 
work to form a long packing table or bench, the top consisting of the 
parallel strips for holding the drums or boxes. The small barrels slip 
into this support and can be tilted against the side nearest the packer, 
being held firmly in place by their own weight. Figure 3 shows the 
interior of a packing house and illustrates an excellent arrangement 
of the field boxes, packing tables, and facilities for handling the 
sawdust. 

Fie. 4.—An automobile truckload of Emperor grapes packed in drums ready to load into 

a refrigerator car. 

In packing the fruit the bottom of the drum should first be covered 
with about 2 inches of sawdust. The grapes should be packed in 
layers, usually one bunch deep, and as each layer is placed enough 
sawdust should be shaken over it to thoroughly sift through the 
bunches. Sharp jarring is required to fill all the interspaces be- 
tween the berries, and this may be accomplished by shaking the 
drum slightly but rather abruptly back and forth, or, even better, 
by tapping the sides with the hands. Enough filling material must 
be used to prevent appreciable settling after the drum is filled, and 
this can be accomplished only by careful attention to the packing 
of each layer. The round form of the barrel permits a very close 
pack to be made, each drum generally containing three layers of 

grapes. The bunches may be laid either on the side or with the stem 
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ends up, and the top layer may be “ faced,” if desired, in the same 
way in which an ordinary crate is packed. A cushion of sawdust 
about 2 inches and not less than 14 inches thick should be placed 
over the top layer to prevent injury to the fruit from pressure of the 
cover. In handling grapes the greatest care should be exercised to 
prevent injury, for unless the berries are in sound condition when 
packed their holding quality is seriously impaired and considerable 
loss from decay is sure to follow. 

The process of sifting the sawdust by hand into the layers of grape 
bunches is rather laborious and some form of mechanical device for 

Fic, 5.—Small drums in a refrigerator car, showing the method’ of stacking employed. 

accomplishing this work is very desirable, especially when a large 
quantity of fruit is to be packed. Much better results can also be 
secured if the regular packers are assisted by a number of helpers 
who handle the drums and the sawdust (fig. 3). When these opera- 
tions are properly systematized, experienced workmen using equal 
care should be able to pack at a more rapid rate than is possible with 
the 4-basket crate. 

LOADING THE DRUMS IN THE CAR. 

Figure 4 shows an automobile truckload of Emperor grapes packed 
in drums and ready to stack in a refrigerator car. In loading the 
fruit for shipment the drums may be placed in straight rows length- 
wise and across the car, three tiers high. By arranging the drums 

in straight rows the greatest amount of ventilation is secured for 
each package when the fruit is shipped under refrigeration. Only. 
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a narrow space in the center is needed for bracing. The ordinary 
car cleats used in bracing crates may be employed to separate the 
tiers, and these should also be placed on the floor, lengthwise of the 
ear, to allow a circulation of air under the drums (figs. 5 and 6). 
The loading could be improved by placing strips 13 or 2 inches thick 
lengthwise on the floor of the car, allowing two strips for each row 
of drums and arranging them so that the vertical spaces between 
the drums are not closed. In some of the first shipments the drums 
Were arranged in such a manner that the spaces between the rows 
were closed, thus preventing the circulation of air around the pack- 

ages and largely nullifying the effects of refrigeration. If the 

HBEROR- 

Fie. 6.—Large drums in a refrigerator car, showing the method of stacking employed. 

The three drums in front were temporarily laid down; they are not loaded in this 

position. 

grapes have been packed while cool or if the drums have been pre- 

cooled to a temperature of about 40° F., open spacing between the 
packages is not so important. Cooled fruit may be stacked com- 
pactly if cleats are placed on the floor and against the sides of the 
car to allow a free circulation of air around the fruit mass. This 
serves to protect the drums against heat leakage through the car 
walls or floor. 

Figure 7 shows the drums braced in the middle of the car, the 
material used being 2 by 4 inch scantling. When this method is 
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employed the crosspieces must be so placed that the pressure applied 
in tightening comes against the heads and bottoms of the drums; 
otherwise, the thin veneer sides of the packages will be crushed. 

SELECTION OF GRAPES FOR STORAGE. 

Those varieties of grapes which have open bunches are most suit- 
able for storage purpeses. Flame Tokay and similar compact 
varieties do not pack well for storage, because it is almost impossible 
to have the sawdust particles reach the interior of the bunches or to 

dislodge them after- 
wards. Further 
qualifications neces- 
sary for good storage 
grapes are adherence 
of the berries to the 
stems and the preser- 
vation of flavor and 
appearance during a 
considerable length 
of time. 

Only fruit of the 
best quality can be 
profitably held in 
storage. Inferior 
erades deteriorate 
rapidly and_ retain 
neither their fresh 
appearance nor their 
flavor long enough to 
pay for the extra 

Fic. 7.—Drums of grapes in a refrigerator car, showing the cost of handhng. 
method of bracing employed in the middle of the car. : 

The crosspieces are so placed that the pressure applied The pa Cc king 0) f 

in tightening comes against the heads and bottoms of grapes in this Way 1s 

the drums. 
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expensive, and it is 

therefore essential to devote the most painstaking attention to the 
proper preparation of the fruit. The grapes must be very care- 
fully picked, handled, and packed in order to insure their being 

placed in the drums in sound condition. The berries should be free 
from blemishes, and the bunches should be most carefully culled in 
order to eliminate all imperfections. It must be remembered that 
redwood sawdust can not improve the grade of fruit packed in it, 
and that while this material will delay for a time the decay of 
unsound berries it can not prevent the development of mold on 
those which have been injured in any way. 
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COMMERCIAL TESTS OF 1911. 

In the commercial tests made during the season of 1911, two sepa- 
rate shipments of Red Emperor grapes packed in drums with a filler 
of redwood sawdust were made from Fresno, Cal. The introduction 
into the fruit markets of the East of this method of handling Cali- 
fornia grapes was made possible by the cooperation with this Bureau 
of Mr. George C. Roeding, of Fresno, who was later joined by the 
Backer Bros., in packing the first commercial lot of Emperor grapes 
in drums. The first shipment consisted of one carload, which was 
held at Chicago and marketed throughout the season; the second ship- 
ment contained approximately one carload, which was held at New 
York, the bulk of the fruit being sold at auction in time for the 
Christmas trade. Very satisfactory prices were obtained for both 
lots and more fruit could have been sold to advantage had it been 
available. The returns from both the Chicago and New York lots 

were approximately the same, netting about $1.50 per drum f. o. b. 
California.1 Notwithstanding the newness of the work, the inex- 
perience of the packers, and the comparatively high cost of the drums 
and sawdust the shippers netted approximately $70 per ton for the 
grapes in the vineyard. It is safe to assume that under large-scale 

commercial conditions the cost of materials and the expense of han- 
dling can be greatly reduced. Whether as satisfactory results as those 
mentioned above can be obtained when a large number of cars are. 
shipped remains to be demonstrated, however. The ultimate success 
of the enterprise will depend chiefly upon the elimination of all save 

the best fruit and upon the care used in the picking, handling, and 
packing operations. : 

An earlier consignment of Flame Tokay grapes shipped during the 
season of 1911 against the advice of the Bureau workers did not yield 
satisfactory results. The fruit was of an inferior grade and had 
been roughly handled and poorly packed. It held in good condition 
for only a short time and was sold at a considerable loss. While this 
shipment proved disastrous to the owners of the fruit, it serves as 
a deterrent object lesson and from that standpoint may be reckoned 
a useful and valuable experiment. 

‘COMMERCIAL SHIPMENTS DURING THE SEASON OF 1912. 

During the season of 1912, 19,834 drums of grapes packed in 

redwood sawdust were shipped from the San Joaquin Valley of 

California in accordance with the methods developed as the result 
of the Bureau work. The average carload lot was about 576 drums. 

One car of Emperors was sent to Seattle and one to Calgary, while 
Jess than carload lots went to various cities of the South and Middle 
West. The bulk of the shipments went to New York and Chicago, 

+The drums used in 1911 were smaller than those adopted by the shippers in 1912 

and held approximately 27 pounds of grapes. 
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144 carloads being sold at auction and private sale in New York 
alone. Most of the grapes were Emperors from the Fresno and 
Visalia districts, but a few carloads of Malagas were shipped from 

Sultana. They included 5,805 drums of the shipper-A brand 
from Visalia and the following lots shipped from Fresno: 3,310 
drums of the shipper-B brand; 3,024 drums from shipper D; 1,491 

drums from shipper E, and 1,123 and 300 drums from shippers 
G and F, respectively; 519 drums were sent by shipper C; 86 by 
shipper H; and 14 by shipper J. From the Lindsay district 2,045 
drums were sent by shipper K, and from Sultana 1,833 drums were 
sent by shipper L and 284 by shipper M. These last two consign- 
ments were of Malaga and Cornichon. The shipment of Emperors 
began on October 16 from Las Palmas and continued until Novem- 
ber 29. 

In addition to the sawdust-packed shipments, which were handled 
largely under the supervision of the Bureau workers, about 30 cars 
of Emperor grapes, packed in ground cork, were also shipped from 

the Fresno district. A number of these cars were shipped to Buffalo, 
Pittsburgh, New York, Boston, and one or two southern cities, but 
most of them were consigned to various points in the Middle West, 
between Chicago and New Orleans. These grapes were disposed of 
partly at private sale and partly at auction, and in several cities were 
sold at the same time as those paeked in sawdust. The poor condi- 

tion of the fruit when offered for sale and the low prices received for 
many lots bear out the results of the Bureau experimental investiga- 
tions on packing materials. Most of these grapes were shipped 
under ventilation without refrigeration, and were held in common 

storage after arrival in the East; in some cases the cars were side- 
tracked and held without unloading for two or three weeks after 

arrival. The early deterioration of the fruit did not permit keeping 
it in sound condition for the holiday market. 

At the time when the grapes which were packed in sawdust were 
offered for sale and were in prime condition, the offerings of the 
cork-packed Emperors showed in some cases more than 50 per cent 
of decay and sold at a price which did not cover freight charges. It 
should be borne in mind that the poor showing made by these ship- 
ments was not due solely to the use of cork instead of sawdust. While 
the Bureau work has proved conclusively that grapes packed in red- 
wood sawdust hold longer and better than those packed in cork, the 
difference in their favor is not as great as that shown in the shipments 
noted above, other things being equal. The variable quality of the 
grapes, improper or rough handling, delay in packing the fruit after 
it had been picked, shipment without refrigeration, and holding in 
common instead of cold storage, as well as the use of cork, were the 
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Bul. 35, U. S. Dept. of Agriculture. PLATE VIII. 

DRUM USED IN THE COMMERCIAL SHIPMENTS OF GRAPES IN 1912. THIS DRuM Is 1634 
INCHES IN DIAMETER OUTSIDE AND 1534 INCHES IN DIAMETER INSIDE, 1634 INCHES 

HIGH OUTSIDE AND 15% INCHES BETWEEN THE HEADS INSIDE. CAPACITY, 30 TO 35 
POUNDS OF GRAPES NET. 
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chief factors responsible for the poor condition of the fruit on the 
market. 

Some poor lots of Emperor grapes which were packed in redwood 
sawdust also failed to hold in sound condition during the storage sea- 
son. This is shown by the low prices received for certain brands at 
the auction sales. Shipment under refrigeration and cold storage 
after arrival did not prevent deterioration due to weakness in the 
fruit itself or to lack of care in packing. The excellent initial condi- 
tion of the more carefully selected Emperors not only insured the 
holding of these grapes in first-class condition for the holiday market, 
but it also permitted the reshipment. by express of a large number of 
drums to distant markets. 

WEIGHT OF GRAPES AND PACKING MATERIAL IN THE DRUM. 

No figures are available for the cost of packing grapes in cork. . A 

drum 124 inches in diameter by 15 inches between covers, inside 
measurement, and smaller in size than that used for the sawdust- 
packed fruit, was used in 1912 for the grapes shipped in cork. The 
gross weight of these packages averaged 32 pounds, the net weight of 
the grapes being 253 pounds, of the cork 2 pounds, and of the. drum 
44 pounds. In packing some of these drums for experimental pur- 
poses, however, the Bureau workers found it necessary to use nearly 
double this quantity of cork, or about 4 pounds. When only 2 
pounds of the filler were used, the material was not shaken down 
well enough in the course of packing. When the drums were opened 
on the market, the cork had usually settled 2 or 3 inches from the 
lid, the top layer of grapes being exposed and generally showing 
more or less bruising and some decay. 

The drum for the sawdust pack measured 15% inches in diameter 
and 152 inches between covers, inside measurement, and 164 inches 
outside, for both diameter and height. (See Pls. VII and VIII.) 
The maximum weight of grapes which could be packed in this drum, 
allowing sufficient space for sawdust at top and bottom, was 35 
pounds. Many of the packers did not attempt to hold the net weight 
of grapes above 30 pounds, while the quantity of fruit in some of 
the drums was considerably less than 26 pounds, the different pack- 

ages thus showing great variation. Three typical drums showed the 
following weights of packing materials and grapes: 
With a gross weight of 503 pounds there were 334 pounds of grapes 

and 114 pounds of sawdust, the empty drum weighing 6 pounds. 
With a gross weight of 514 pounds, the grapes weighed 344 pounds, 

the sawdust 114 pounds, and the drum 6 pounds. 
With a gross weight of 554 pounds, the grapes weighed 38 pounds, 

the sawdust 114 pounds. and the drum 6 pounds. 
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The gross weights of 50 drums packed by shipper A varied from 
48 to 54 pounds, this variation being almost entirely due to differ- 
ences in the net weights of the grapes contained in the packages. 
The drums packed by shipper D also varied widely in the net 
weight of the fruit. There was a variation ranging from 19 to 28 
pounds of grapes, and the uncertainty regarding the actual quantity 
of fruit contained in each package rendered fair bidding on the part 
of buyers at the auction sales very difficult. The contents of drums 
of several of the other brands also varied considerably, as no real 
effort was made to pack a uniform quantity of grapes, the net weights 
ranging from 22 to 30 pounds. Each drum packed by shipper B 
contained 35 pounds net, the proper quantity of grapes being weighed 
out for each packer. The importance of having each drum contain 
a definite quantity of grapes (which can be indicated by a proper 
mark) should be clearly understood. Buyers after purchasing the 
drums were severe in their criticism of those brands which showed a 
varying weight of fruit. 

IMPORTANCE OF CAREFUL GRADING. 

In addition to the inequality in the contents of the drums, the lack 
of proper grading before packing was a source of criticism by 
buyers. The fruit was frequently not uniform in color and most of 
the drums contained bunches of all sizes, small straggling ones being 
placed side by side with large clusters. If the best results and high- 
est prices are to be realized packers must give special attention to 
careful grading, and it is strongly recommended that the grapes be 
eraded for uniformity of color as well as for the size of the bunches. 
It is a great mistake to pack loose, straggling bunches with the finer 
fruit. The value of careful attention to this part of the work is 

shown in the pack of shipper B, who kept the large bunches sep- 
arate and marked them “ Fancy clusters.” The auction price for 
this grade ranged from $4.20 to $5 per drum, a difference of $1 to 
$1.50 per drum above the regular price. The common method of 

selling these grapes in all of the large markets will probably be by 
auction, the quality of the fruit being determined by the inspection 
of sample drums. It should be remembered, therefore, that one or 
two small, poor bunches among the grapes shown as samples will 
have a considerable effect upon the price offered for the whole lot, 
for unless the fruit is of uniform quality the price will be discounted. 

AUCTION SALES OF CALIFORNIA STORAGE GRAPES. 

At the auction sales of the California fruit the grapes are emptied 
out on small tables for inspection, usually two drums being opened 
from every lot of 50 or 100 listed for sale. The fruit buyers make 
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notes on the different brands offered, and at the sales, which are held 
later, bids are made from these notes. The different lots are kept 

_ separate at the auction, so that each brand establishes a reputation 
of its own, and in time the reputation of a brand, based on the 
holding quality of the fruit and its behavior on the market, will 
largely influence the price which buyers are willing to pay. 

The handling of grapes packed in drums will necessitate some 
changes in the manner of selling the California product in eastern 
markets. In general, the methods which have been adopted at the 
auction sales are the same as those used in selling the imported 
Almeria grapes. In the case of the latter, however, the different 
lots are emptied on an elevator platform, which is run up to the center 
of the auction room where the grapes are inspected and sold. The 
bidding on the different lots is generally very rapid, and the business 
consumes only a minute or two. In this way large numbers of barrels 
are quickly sold, frequently 10,000 to 20,000 being disposed of at a 
single sale. 

REFRIGERATION OR VENTILATION IN TRANSIT. 

A test of the possibility of shipping sawdust-packed grapes 
without refrigeration was made during the past season. One car- 
load of grapes in drums, composed of shipments from the F, G, 
D, and B vineyards, was forwarded from Las Palmas on November 
5, the car being handled under ventilation while en route. The 
fruit arrived in Jersey City on November 17 and went into cold 
storage on November 21, the condition on arrival being generally 
good. The drums were placed on end in the storehouse and an 
average temperature of 32° F. maintained. An examination made 
of the stock showed the fruit from shipper B to be of good quality, 
well bunched, and in good condition. The D-vineyard fruit had fair- 
sized bunches, with medium-sized berries, but the barrels were rather 
light as to weight of fruit. The Emperors from shipper G showed 
irregular quality, some berries being small and others large; and the 
F-vineyard fruit was of irregular size, some of it being very small 
and straggling. Examination of the fruit after it had been held 
in cold storage for 10 days showed that it was deteriorating very 
rapidly, and for this reason it was disposed of as quickly as pos- 
sible. Most of the shipper-B fruit was sold at private sale, but 
the bulk of the carload was sold at auction in small lots on Decem- 
ber 10, 12, 17, and 19. The average prices realized on this fruit 
ranged from $1.17 per drum for the G-vineyard fruit, one lot of 
70 drums of this brand selling for 95 cents a drum, to $2.81 per 
drum for the shipper-B fruit, the average carload price being $2.13 

per drum. ‘These returns were considerably below those received 
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for the grapes shipped under refrigeration, owing to the larger 
percentage of decay in the fruit forwarded in the ventilated car. 

While some of the lots were placed in storage 12 days after leaving 
Fresno, in other cases 16 or 17 days elapsed between the dates of ship- 
ment and storage in New York. There was a variation of 7 days in 
the length of time which elapsed between the shipment and storage 
of the different cars from shipper A, the time in transit ranging from 
15 to 22 days. It is important to know the conditions under which 
the grapes are held in transit, especially when there is a delay en 
route or in transferring the fruit to the warehouse. If the cars are 
kept fully iced during the whole period (including the time while 
awaiting transfer) there will probably be no injurious results from 
the length of time during which the fruit is in transit. But if during 
warm weather the cars are held for 4 or 5 days without reicing, the 
effect may be serious, as the fruit will warm sufficiently to impair its 
keeping quality. 

RECORD OF SALES OF GRAPES IN DRUMS. 

The Emperor grapes sent to New York by shipper A were sold 
principally at private sales, but all other lots were disposed of at the 
regular fruit auctions held on Erie Pier No. 20. Table VIII gives 
a record of the number of drums of Emperor grapes consigned to 
New York by each of the California shippers and the average prices 
received for the different brands. The general average for the 8,596 
drums was $2.90. 

TABLE VIII.—Summary of the sales of different brands of California Emperor 
grapes in drums, packed in redwood sawdust and held in cold storage in New 
York, season of 1912-13. 

Number | Average 
ofdrums.| price. 

Number | Average ofdrums.| price. Designation of shipper. Designation of shipper. 

Re ee poo soeecinnen ce Geen soe ee es 4,059 $3.13) || Fos. cesh an cee ee eee 132 $1.69 
Bee ase fo tae te ee oon 1,780 3:00 ||) Get. docccieoette cece Seeeeeees 268 1.59 
Ce sas 2 oan are cher neon ee 514 2.75 | | 
Drache decison eee cee 1,195 2.75 Total and average ...... 8, 596 2.90 
Bree ate se oe orstee sete ieee se 648 2.36 

Tables IX and X give the records of the sale of Erhperor grapes 
in drums at New York and Chicago during the season of 1912-13. 
Most of the different shipments were broken up and sold in small 
lots on different days, the entire carload being disposed of within a 
week or 10 days after the first withdrawals were made. The dates 
of sale given in Tables IX and X, therefore, are the days on which 
the last of each cargo was sold, 
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TABLE I1X.—WMRecord of shipments of Hmperor grapes in drwms, packed in red- 
wood sawdust and held in cold storage and sold in New York, season of 
1912-18, showing the gross receipts and average prices. 

Date of 
ship- Shipped from— peslenation Date of sale. 
ment pper. 

1912 
Ocal Muaswealmas #2522225 cess ess Sees ee 1D Seeoceees Jan. 7,1913 

110) | Seae Lee er Se a Rh ris rr tn a CE Cress Dec. 18,1912 
1) legage ODe)S Meese Use care eee (DE bape Dec. 12,1912 

DVN Serer ClO Merete. spree srte ee ok eyecee a: 1 eee eerer Jan. 5,1913 
Pi eae Op ne SU REV CP aa CHE aah Dec. 30,1912 
Bil || SRNNEG tees een See ea tee Rete aes HC SACRE 2 Dec. 5, 1912 
ou MbASmE MIAN o2\S a sec ao neces ot IDeA Geseed Dee 19, 1912 
SE} | Reese ClO acdcces esas Coot ESO ee meee De Seaeeaeloeese Glos scbeee 
2ouleee CO So SSE SeS en O nee arte ees Gere os issue does sae 
DAN ees Ofer: eee ea cieteee oe cehcyajerts 1a Neeser ates Dec. 28,1912 
De See Gh) cee E RE SOE a ea a Cheha Dec. 27,1912 
28) Redbamlks\./.. 0 eee seb oe eee oe ol UNA Seopa Dec. 20,1912 
TS ||nanoe CD sedis SRENS SE eer ae eee Ocal A A ae Dec. 10,1912 
D3 \leewen LOPE eee tee teen ree: Naa ie eats Dec. 20, 1912 
Fe) |[oanee COs nana: Ree ena hr ae Neste stirs Dec. 27,1912 
PON Ree tO Oma eb aotsecauc etek meee tice A ee oe Jan Berne 
Co) apes Oe sense etn eis steals JA, cotars e eehaes | eeeteeer (0 CO )eaamsioene 

INOW 95) |=. = COR RRGRE 5a RS Ee eee ee ee eee aa eee Nov. On, 1912 
OnlmWasvea lImas eases neces tek cise cies che IDS ae eee 
eee GCOS SAE RAL Sees panera acters EE ete sankys ok Dec. 1-19, 
Omer ee ee Gn bias aonb Eel eae ae oe 1h a Eee 1912 
E53" es ACO Kaen Ns Hes ee epee ey ogee (Co Sree 

11 ee AEA ep ena hme TA eh oo pee Jan. 7,1913 

TABLE X.—Record of shipments of Emp 

147 
132 

Gross 
receipts. 

$1, 804. 45 
1, 136. 02 

Average 
price. 

a) 

EES Po BO CO CO ROR ROE ROS ROSES COCO ORO ES) 

eror grapes in drums, packed in redwood 
sawdust and held in cold storage in Chicago, season of 1912-13, showing gross 
receipts and average prices. 

Date of ‘ . Number z : Designation Gross | Average 
re Shipped from: of shipper. | Date of sale. ee receipts. | price. 

1912. 
OcimlGn mlmasibalmase ster eeeeeeseecrinscee Disserea es Dec. 16,1912 600 | $1,804. 45 $3. 01 

1Sis\o2.- 06 GOS ae een A. ke eae ea Saat 1D Seratee, Dee. ay 1912 346 949. 10 2.74 
SL SIRES oo ps LORS Ser eta Seti empty e eal Ap ae eee sees ene (Oysesrersse 292 656. 10 2.25 
20) a5 S52 Corsa eas see aes ape setaeees Se Dye Seed tee Dec.. a8, 1912 145 455. 00 3.14 
AD) jocaoe CLOG Bye eT est Bi eee a reer eee Castanos COssscces 5 15.75 3.15 
A xclbee LOS eRe ee pee Nea yas edaille a Pe ae Gee Sains Rec dossa: 222 323 919. 40 2.85 
AAD) |eecee CLO its aes ae he al EAL Ss ete Bose alee COs ae se 166 518. 10 3.12 
DO ope ce C10) Sas Bers CBRE Siete Canes Wega a tetera Bh sel ey. Dec. 20,1912 216 632. 80 2.93 
274) ae GORA ete see ise ae ae ee eee ne DE AS Sat aes eal Gort a728 262 833. 95 3. 18 
Dhl. sey (CUG)S Ee LES Wh Raat i oes tees 42 Gee ae Gere alls oats doe eee al: 160 226.75 1.42 
QM SAM PCL e spree scwios cis ements ee eee 1 Na Ae Dec. 18,1912 648 849. 10 1.31 

Noy. 2 oe lS EOS eee eee Mees B UE eee Desens 27, 1912 166 602.10 3.63 
By: lac CS Sle My eh is Baca ea a en) an AR a a a 492| 1,519.40 3.60 
PX es en GIONS 8 ee els een a a ee Geis. beans OCOssescas 4 10. 80 2.70 
M1 RY eY6 UGE al ee an ea mem De BN Secs mas Jan. 7,1913 571 | 1,979.20 3.47 
Similac er almna shes s.r Soe 8 ee Gene Sac. (5 Dec. 23, 1912 199 276. 65 1.39 
Silas sis GLA VATS eA WN IAD) a pene a a Heat aeee oa |e ace dO22 4.234 168 226.70 1.35 
i leer COP eee se Ae SU Ae ss FN! 1B} eco ae ae ene COs noes 221 689. 60 3.12 

~‘ 

Six carloads of the shipper-A brand were sold at private sale 
during December and January at an average price of $3.06 per drum. 
A large portion of this fruit was reshipped to Atlantic coast cities, 
including Boston, Philadelphia, Baltimore, Richmond, and Jackson- 

Several shipments of from 100 to 200 drums each were made ville. 

to Cuba and other points in the West Indies. Sample drums of the 
shipper-B brand were sent to some of the leading fruit handlers in 
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Buffalo, Pittsburgh, and Philadelphia, and resulted in a number of 
requests for small shipments to these cities. In Buffalo 160 drums 
were sold on December 23 and 30 for an average price of $3.80 per 
drum. About the same price was realized in Pittsburgh for a lot of 
100 drums, and satisfactory sales were also made in Philadelphia. 
Table XI gives a record of the auction sales in Buffalo, Philadel- 
phia, and Pittsburgh. 

TABLE XI.—fecord of auction sales of California Hmperor grapes in drums, 
packed in redwood sawdust and held in cold storage in New York and sold at 
Philadelphia, Pittsburgh, and Buffalo, season of 1912-13. 

: Date of Number Designation} Auction price 
Place of sale. sale. ainae. of shipper. | per drum. 

1912. ‘ 
Philadelphia, Ba. ces sss see tees ak os oe ee eee Dec. 16 40)\*Discae doen $3. 00 

: 16 AQH EAL ease Sie 3. 25 
19 407) Biwnsceced 3.25 
19 60). Deere 2.75 
24 AQ Als Sr ae 3.50 
24 60) | “Bins ase 3.25 

Pittsburgh: a> - 5.22 so sows dsiiiedicieee ccc ee eee eee eee Dec. 19 10 \|8 Bee 2h see2 3.60 
19 104 Dest 3.60 
19 2 ASS. 25 Eee 4.35 
21 See a edy 3. 60 
21 20ND bees ae 3. 60 
21 20) | tAcs Sees 4.35 

Buffaloxw Ne Yost $8 8cU ee ee ee eee Dec. 23 10): | 8Bete eeeee 3. 65 
23 TQi | IB eres 3.65 
23 TOR 2B. 2 =e 3.75 
23 LOn). Bisse se 3.85 
23 1O\| @D ake saaee 3.75 
23 LOND seen 3. 80 
23 TOY | DE eee 3.80 
23 OF ED ie fe eeee 3.80 
23 103) CAS eee 3. 85 
23 LOS \eAve eee 3.85 

A carload of grapes from shippers D, B, and G sold at an average 
price of $2.46 per drum at Duluth, Minn. A carload made up of 
drums from shippers E, B, H, and J sold at Seattle, Wash., brought 
the following average prices for the respective brands: $2.45, $2.50, 
$1.81, and $1.90. At Calgary, Canada, a carload of Emperor grapes 
from shipper A sold at an average of $2.48 per drum, and at Lincoln, 
Nebr., an average price of $2.47 was received for the same brand of 
fruit. Drums of Emperor grapes from shipper A in less than car- 
load lots sold at Omaha, New Orleans, Waco, El Paso, Austin, San 
Antonio, and Lincoln realized average prices ranging from $2.45 
to $2.72. Table XII gives the details for these shipments. These 
lots, with the exception of those sent to Seattle, were sold f. o. b. 
shipping point. Therefore, the dates of shipment and sale are the 
same. The freight and refrigeration charges have been added to the 
selling prices, however, and the gross receipts and average prices 
given in this table are comparable with the prices received in New 
York, Chicago, or any other auction market. 
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TABLE XII.—Record of shipments of Hmperor grapes in drums, packed in red- 
wood sawdust and held in cold storage, season of 1912-13, showing the place 
where sold, gross receipts, and average prices. 

Date of F . : Number : Designation Date of Gross | Average 
Se Shipped from— of shipper. Sold at sale. aban receipts. | price. 

1912. 
Oct. 26 | Las Palmas......--.- Die eiekts ID OUMNH. 5 sSoescosn Oct., 26 54) $132.84 $2. 46 

PAG See Cho) Sap eeeeaeese ae Do Raccaasaleoee Goss eae Ole tie 368 905. 28 2. 46 
7A eae Gosstli et ost (Ce Re Ea ae neers Oe = Sadevre se BEEK eae 214 526. 44 2.46 
PALS eee Ons =e 53)s\eces =. WS nee Seattle. <2. 2525. Nov. 15 195 487. 00 2.45 
DTA EEL, CKO) PS eee ee AB Pes: MARS EME GS CO asm ieee ne secGlsan's 205 512. 50 2.50 
PAN eee GOs sae eee 1 CO ae ee eee Os see ets .--<G0~ 20: 86 163. 40 1.81 
Pil hater Gone ene ree see ie es 3.0 ase eal ee ene Ose SEE A: 2S COnees 14 26. 60 1.91 
30 | Redbanks.......---. Ue Geen Geee CRIERIAVS ooscaocdoc Oct. 30]. 576 | 1,428. 48 2. 48 
AO) [Ecoas dows ses EY. AL ARES ar Lincoln...-..-...- 32.00% 725- 576 | 1,422. 72 2.47 

Nov. 16 | Lindsay..-....-...-. 1 aah eenene Omahaseeeeeeseee Nov. 16 244 602. 68 2.47 
1} sone Cozies Jt Pek OE eran New Orleans... -... ..-d0...- 244 607. 56 2.49 
Lis |e see C6 Ca eS ee eee Tere siete WACO Sachi eee Nov. 17 244 602. 68 2.47 
I eee doses. eee Kas wiles: ID IP ESO soccen5500c SAO) nie 244 597. 80 2. 45 
117 AH eee COs oe coro aeeaaee RG rere se AUST sop 2) 2 Sk eadOuas< 244 602. 68 2.47 
HO WSiz. = GoLeeeed Sica Kes pe heets San Antonio...... Nov. 19 244 602. 68 2.47 
Bs loooed Ores ae MEN Ke ae Wincolneeeeeeeeeee Novy. 23 244 663. 68 2.72 
QM eedies GOs eae et Wasco scsel AUSUMM SS ocsooda5e5 Nov. 27 93 227. 85 2.45 

In addition to the above lots of Emperor grapes, 2,117 drums of 
Malaga and Cornichon grapes were sent to New York from Sultana, 
1,833 by shipper L and 284 by shipper M. The results of these sales 
are shown in Table XIII. 

TABLE XIII.—Record of shipments of Malaga and Cornichon grapes in drums, 
packed in redwood sawdust and held in cold storage in New York, season 
1912-13, showing gross receipts and average prices. 

Date of Number F F aes F on Designation) Date of Gross Average 
eee es from eae of shipper.| sale. receipts. | price. 

1912 
Septal 4a Sultanastt. soe. ee es oe ee! WAQS alee a: See Dee. 6] $1,090.18 $1.46 

SBeee GIO. SS Ute Saene ca GEE or Soa a SEE te 435 | L.....-..-| Nov. 14 467.90 1.08 
a ee OST SA ca ek ie Fae IG 2131) Mie sea ae- edonaee 262. 20 1.23 
PA Sees Choa Ser oae Sane ue Coe Cee nee See 649) i ue ae Nov. 22 769. 25 1.19 
PALS eee OSS erate ate etary ne MADDY | NER Eye . do 87.35 1.23 

Motaltoraverages-52-2-----525-- 2,117 £ PRE Sa Ea a Ra NM 2, 676. 88 1.26 

These cars were reported by the New York agent as arriving in 
generally poor condition, and an investigation was therefore made 
as to the conditions under which the fruit was picked and packed. 
It was found that the shippers, while appreciating the importance 
of having the fruit and sawdust dry, had overlooked the fact that 
prompt cooling is equally essential in preparing fruit for storage. As 
a result the drums and sawdust were taken into the vineyards and 
the grapes picked and packed between 10 a. m. and 6 p. m., when the 
temperature ranged from 95° to 100° F. in the shade. The grapes 
and sawdust were dry enough, but they were also well heated 
throughout, and when the warm fruit was placed in the drums the 
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tight packages and the insulation provided by the sawdust held the 
heat for a considerable length of time and rapid deterioration re- 
sulted. Very poor prices were realized in New York, as the fore- 
going figures show. 

It is not fair to base any conclusion as to the storage value of 
Malaga and Cornichon grapes as compared with Emperor grapes 
on the relative prices realized for the different lots durimg the past 
season. The varying conditions under which the different brands 
were prepared for market had much to do with the variation in the 
average prices received. The previous experiments of the Bureau 
(see Table IV) indicate that properly handled Malaga and Cornichon 
grapes should keep in good condition for at least two months. The 
low prices received for these varieties during 1912-13, after a holding 
period of two months, were probably caused by the presence of decay 
due to the manner in which the fruit was prepared for storage. 

These details as to the prices received for the different lots are 
given in order to show the extremes. The range is no greater than 

is frequently the case in the lots of crate-packed grapes, due to the 
varying quality and condition of the fruit upon arrival in market. 
The average price obtained for the 19,834 drums sold during the 
season in the various markets enumerated above was $2.58 per drum. 

The fruit buyers of the different cities to which small trial ship- 
ments were made showed great interest in the method of marketing 
California grapes packed in drums with a filler of redwood sawdust. 
The prices realized at the auction sales in these cities were equal to 
or higher than those which prevailed in the New York auction 
market, and this year’s records indicate that a number of the smaller 
cities can handle at very satisfactory prices from one to four or five 
carloads of Emperor grapes packed in drums. Buyers have sent in 
very favorable reports from all the places where these grapes were 
offered for sale, and it waS impossible to meet their demands this 
year with the shipments which were sent out from Chicago and New 
York. The best policy would seem to be to store carloads of the 
fruit at a number of points between Chicago and New York in the 
northern territory in order to meet the local demands. It is probable 
also that less trouble will be experienced in obtaining storage room 
in the smaller cities than would be the case if an attempt were made 
to store a large quantity of fruit in Chicago or New York. The 
different brands should be kept separate in storage and accurate 
records maintained of each lot, so that withdrawals may be readily 
made. Failure to follow this plan during the season of 1912-13 
caused much confusion in making deliveries to buyers and also 
greatly increased the expense of handling the drums in the storage 
warehouses, 
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COST OF THE DRUM-SAWDUST PACK. 

The cost of packing the grapes in drums with a filler of redwood 
sawdust, as determined by one of the leading shippers during the 
season of 1912-13, was as follows: 

10) et baa = Se a eel SD eae DeSAE oes a Sep A EIS to OT a Sg te $0. 33 

BESTEL aeeem ene acc paiees aan ee MAL a oh VD eter eee Ny . 20 
BES eM Healir e UT CLD PEANUT) NMS Dh Se Te a Ec . 20 

OULU amen SID Sha ee Se ARO OLS | Fete. ROARS pe 5 RE AO . 03 

RO tale Os, Ds COS late Bre a oes as us 2s ATO} 

TEESE NTE, eR Sk a es aS lS pe ee 3 BI 

Rermiseration iM transite tee se se eee ee Pally 

Total cost at eastern market_______ EAS SO Pa 1.48 

The freight charge is based on a rate of $1.15 per hundred pounds 
to New York, figuring the drums at 50 pounds gross weight, al- 
though in some places they were listed at a lower average weight. 
The cost of refrigeration is based on a charge of $90 per carload of 
600 drums. Storage charges in New York and Jersey City during 
1912-13 were 10 cents per drum per month, but it is reported that 
this rate will be increased next season. The commission charges 
at New York were 7 per cent of the selling price. Therefore, when 
grapes were held two months in storage the cost laid down at the 
auction sale, as estimated above, was $1.68 per drum. 

On a basis of 35 pounds of grapes per drum, an auction price of 
$3 yields a net price of 3.17 cents per pound, or $63.40 per ton. A 
price of $2.80 per drum yields 2.63 cents per pound, or $52.60 per 
ton. 

It is safe to assume that the cost of the sawdust and of the drums 

will be reduced when the demand increases sufficiently to warrant 
the manufacture of the packages in large quantities and the prepa- 
ration of the sawdust on a large scale. 

CONCLUSION. 

The prices obtained during the season of 1912-13 for California 
grapes packed in redwood sawdust may be considered as very satis- 
factory on the whole. Owing to unusual weather conditions during 
the latter part of the packing season Emperor grapes were held on 
the vines exceptionally late and the fruit packed in crates reached 
the eastern markets in unusually fine shape until late in December. 
The sawdust-packed fruit in’ drums was compelled to meet compe- 
tition from the crate stock in a way that will not be experienced in 
normal seasons. In addition, the sales of the Emperor grapes packed 
in cork, as previously noted, had a demoralizing effect on the sales 
of the fruit properly packed in sawdust. The cork-packed grapés 

J 
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were sold in the principal eastern markets before the sawdust-packed 
lots reached there. Many buyers of the cork-packed stock handled 
the fruit at a loss and therefore became suspicious of all California 
grapes packed in drums. Small lots of Emperor grapes packed in 
redwood sawdust were offered at the auction sales from day to day, 
however, and as they were found to be in sound condition the de- 
mand for them gradually increased, as is shown by the higher prices 
realized toward the end of the season. Very few complaints were 
heard from buyers who handled the sawdust-packed fruit. While 
the, failure of the attempt to pack the Emperor grapes in cork 
caused considerable criticism and financial loss, the experience was 
valuable in that it emphasizes the importance of using proper care 
in packing and shipping as well as the necessity of selecting only 
the best stock for this rather expensive method of marketing. 

The commercial demonstrations during 1911-12 and 1912-13, as 
well as the records of the Bureau investigations during the past seven 
years, show that the method of packing California table grapes with 
a filler of redwood sawdust and of holding them in cold storage for 
the holiday market is destined to form one of the successful practices 
of the grape industry of the State. Thus far the Emperor is the 
most acceptable variety for this purpose now being produced in Cali- 
fornia. A study of the methods of cultivating and training the 
Spanish varieties with a view to producing them on a commercial 
scale is well worth the efforts of both the Federal authorities and the 
State station investigators. 

It is not expected that the sawdust-drum pack will replace the 
crate package for ordinary commercial shipments to any considerable 
extent. As has been shown, this system of handling is expensive and 
will therefore prove profitable only for the best grades of fruit, which 
can be marketed at comparatively high prices. The use of the saw- 
dust-drum pack for commercial shipments to distant markets requir- 
ing long periods of transit or for shipments to central markets, 
there to be broken up and distributed to local points, is not only 
feasible but offers a means of reaching markets at present inacces- 
sible, and renders possible the shipment of varieties possessing fine 
qualities but unadapted to shipment in crates without a filler. 

The establishment of the sawdust-drum pack for California grapes 
has not been accomplished without opposition. It is a well-known 
fact that the trade always looks with disfavor upon any change in 
the established system of packing and handling fruit, and the use 
of the sawdust filler was no exception to this general rule. It re- 
quired considerable effort on the part of the Bureau investigators 
and no little courage on the part of the pioneer commercial shippers 
to inaugurate this plan. Fortunately, the first commercial demon- 
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strations were sufficiently successful to warrant a continuation of 

the efforts to market the fruit in this way on a scale large enough 
to establish the sawdust pack as a commercial practice. Great credit 
it due.the growers and shippers who made possible the first commer- 
cial demonstrations, for without their cooperation the work would 

have lacked that most important final test necessary to make it of 
direct value to the table-grape industry of California. 

The following principles summarize the recommendations of the 
Bureau of Plant Industry with regard to the storage of California 
table grapes: 

(1) Only fruit of the best quality, which can be marketed at com- 
paratively high prices, should be handled in this way. 

(2) Those varieties of grapes which have open bunches are most 
suitable for packing in redwood sawdust. 

(3) The drum barrel has been found to be the most satisfactory 
package for grapes packed in redwood sawdust. 

(4) The redwood sawdust should be pure and unmixed with other 
woods and the particles should be of the size illustrated in Plate ITI, 
figures 1 and 2. Enough filling material should be used to prevent 
settling. 

(5) The fruit should be cooled overnight i in the vineyard or pre- 
cooled before the packages are loaded into the cars. 

(6) The fruit should be very carefully handled, the berries should 
be free from blemishes, and all imperfections should be removed. 

(7) There should be a uniform quantity and quality of fruit in 
each package. The fruit should be culled before it is conveyed to the 
packers and should be graded for color and size of bunches. 

(8) It should be shipped under refrigeration and placed in cold 
storage at 32° F. immediately upon reaching its destination. 

(9) When these conditions have been observed, Emperor grapes 
‘may be held in cold storage until about January 10, the Malaga 
variety until December 15, and the Muscat until Womenlaee 15. When 
Almeria grapes can be grown successfully for commercial purposes 
they may be held in cold storage until about April 1. 

O 

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1913 
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STUDIES OF PRIMARY COTTON MARKET CONDI- 
TIONS IN OKLAHOMA.’ 

By Wetts A. SHERMAN, Assistant in Market Surveys; Frep Taytor, Cotton 
Technologist; and CHARLES J. Branp, Chief, Office of Markets. 

INTRODUCTION. 

The system of handling and marketing cotton in vogue to-day is 
largely a series of steps added by various cotton interests to the old 
methods, when wagon and water were the only means of transporta- 
tion. Upon this has been prafted a series of complications intro- 
duced by various cotton interests. As cotton culture has overspread 
the prairies of Texas and Oklahoma interior buyers have become an 
important factor, and interior concentration points have been estab- 
lished for their convenience. Some of the methods now prevailing 
are due wholly to the influence of the exchanges; for example, the 
daily change of limits and the difference sheets for grades. The 
trade conforms to certain requirements of each class of carriers, 
compressing being for the special advantage of the railroads, while 
patching is necessary to meet the requirements of ocean carriers. 
Some practices are modified to meet the wishes or rules of foreign 
exchanges, as the quantity or weight of tare. 

Thus we see specific provisions are made to meet the needs or 
demands of everyone who is interested in the cotton, except those of 
the grower at one end and the spinner at the other. In short, prac- 
tically every feature of our handling and marketing system is re- 
tained because of the insistence of some one of the numerous middle 
men and carriers, who have at best only a temporary interest in the 
cotton. 

+The market survey here described was planned and supervised by Mr. Charles J. 

Brand while Physiologist in Charge of Farmers’ Cooperative Cotton Handling and Market- 

ing, Bureau of Plant Industry. The organization, general management, and execution of 

the work was done by Mr. Wells A. Sherman, assistant in Market Surveys, while the 

actual grading, stapling, and recording cf the samples was done by Mr. Fred Taylor, Cot- 

ten Technologist. State Agent W. D. Bentley, Farmers’ Cooperative Demonstration Work 

4n Oklahoma, gave much helpful assistance during the progress of the work. 

11835°—13——_1 
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The spinner would like a better bale, kept under shelter until it is 
shipped to the mill, and with a covering which would keep the cotton 
clean and dry. Thus far very few bales thus wrapped and sheltered 
are to be found in the trade, and the industry is taxed for high 
insurance rates and for country damage claims instead of for proper 
warehousing and sheltering facilities and for careful handling. 

The farmer wants a better price, and believes that if there were 
not sO many persons and processes between himself and the spinner 
he could get it. As matters stand to-day there are just three things 
which he can do to get more from his cotton crop, and in few locali- 
ties can he do all three. He is told either (1) to grow a longer 
staple, (2) to grow a higher-yielding variety, or (8) to pick it more 
carefully, so as to have a better grade. Two of these are purely 
cultural propositions and the third is largely dependent for success 
upon the kindly consideration of the ginner, who may spoil a high- 
grade bale by running it just after a low bale without dumping the 
roll, by making a water pack, or by operating with an improper 
adjustment of saws and brushes. After a bale of good grade has 
been ginned the producer is still dependent upon the generosity of 
the buyer to give him the price to which the higher grade is entitled. 
This consideration and generosity the ginners and buyers of cotton 
do not always show. 

The farmer has no direct interest in the concentration of great 
quantities of cotton at compress points, nor in the process of com- 

pression, which adds nothing to the intrinsic value of his cotton. 
He has no direct interest in the patches added to the bale at the 
compress. He is not a party to the neglect which results in most of 
the country damage. It is true he sets no good example in this 
matter, but he receives no: compensation for any extra care which 
he may bestow upon the finished bale. The city crop does not seem 
to constitute a direct loss to him, as he has sold the bales before most 

of the robbing is done, but he knows it is a tax on the trade, and he 
believes that all these taxes are deducted from the value of the cotton 
when the first offer is made him. 

One thing is evident to even the casual observer. There is not 
a.single important step or process in the entire handling and market- 

ing scheme which owes its origin to a special consideration of the 
producer’s interests. He is offered so much for his cotton, usually 
on a limit which is set by a firm which fixes it as a perfectly safe basis 
for its business. Competition among local buyers is his sole guar- 
anty of fair treatment and most of the buyers are the subordinates 
of middlemen. A multiplicity of buyers means that just so many 

more men are living on the profits made on the cotton of the com- 

munity after the farmers have parted with it. 
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GENERAL SCOPE OF THE WORK. 

Tt is the business of this investigation to find out facts as they 

exist as a basis for improvement in conditions. It appears from one 

season’s work that some economies and some more equitable rewards 
are within the reach of growers who will organize on a community 

basis for the production and proper handling of a single variety of 
cotton. 

In order to secure more exact information concerning the condi- 

tions under which the farmer in the western end of the cotton belt 
markets his cotton, to develop the differences which may exist between 

local markets having similar freight rates to the ports, and to deter- 
mine the influence of various other factors on the price of cotton 
in primary markets, a comprehensive survey was undertaken. begin- 

ning in October, 1912, of the primary markets in the State of Okla- 
homa. 

This State was selected for the first work of this character because 
it was believed that the quality of its cotton was more uniform than 

that of any other State of equally large production. It was also 
chosen because of the perfection of the organization of the farmers’ 
cooperative demonstration work in the State and the certainty that 
its local agents would render valuable assistance in the collection of 
the data. Assurances of cooperation had also been given by a number 
of the most important cotton-handling firms. 

The plan of operation was to secure actual samples drawn by the 
agents or representatives of the department from typical bales, taking 
in each case a memorandum of the date and place of sale and the 
price paid to the producer for the bale. These samples were imme- 
diately wrapped and mailed to Oklahoma City, where they were 
graded and stapled, every care being taken to make this work thor- 
oughly accurate and reliable. Two special representatives of this 
office were continually on the road collecting samples. The county 
agents of the Farmers’ Cooperative Demonstration Work rendered 
valuable assistance, and in the aggregate secured the greater part of 
the samples examiried. In securing this information our agents fre- 
quently visited cotton yards and ginners; access to the records was given 
them and they were permitted to sample as many bales as desired. In 
this way a total of 3,250 bales were sampled between October 25 and 
the middle of January, the grade‘ and staple of each being carefully 
worked out in Oklahoma City, the results brought to Washington 
for compilation, and the samples shipped there with the expectation 
that an interesting exhibit of the various grades and staples produced 

1 All grading was on the official cotton grades which, in descending order of grade, 

are: Middling fair, strict good middling, good middling, strict middling, middling, strict 

low middling, low middling, strict good ordinary, good ordinary. 
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in the State, with the prices paid, would be prepared in time for exhi- 
bition at the Oklahoma State Fair in 1913. The samples were, un- 
fortunately, destroyed. by a fire which occurred in one of the rented 
buildings of the Department of Agriculture. 

The data resulting from this investigation are far too voluminous 
to be presented in a single publication, and a detailed discussion of 
staple-cotton production in Oklahoma and of the effect of varying 
lengths of staple on the price paid in different sections will not be 
undertaken at this time. It should, however, be distinctly under- 

stood that the facts have all been carefully scrutinized and that none 
of the variations in price which appear in this publication are due 
to variations in the length of staple of the individual bales considered. 
There are some markets in which the prices are rather uniformly 
higher than in certain other markets, the difference apparently being 
due to the reputation of particular compress points for shipping out 
cotton superior in staple or other quality to that shipped from other 
compress points, but every individual bale for which any premium 
was paid on account of its length of staple has been excluded from 
the tables and the discussions presented in this publication. 

METHOD OF SAMPLING. 

Because of the impossibility of starting this survey at the begin- 
ning of the cotton-marketing season and because so few people could 
be assigned exclusively to this work, no attempt was made to take 
the samples in such a way as to show the proportion of the various 
grades of cotton which were produced from. this crop. It was 
realized that a very large number of the highest grading bales of the 
year’s crop had been marketed before our work was undertaken and 
that a considerable number of bales, nearly all low grade, would be 

marketed after our force had returned to Washington. The plan 
followed was therefore to secure in each market, as nearly as pos- 
sible, samples from bales representing the extreme range of grades 
on the market at the time. Following this plan, if the cotton yard 
contained only a dozen bales of high-grade cotton and a dozen bales 
of low-grade cotton with about a hundred bales grading about mid- 
dling, the 15 or 20 bales which would be selected for sampling would 
probably include more bales above and below middling than of mid- 
dling cotton. For this reason the number of middling bales taken 
at any one place on any one date appears to be small, but in a great 
many cases where a dozen or more bales were sampled early in the 
season every bale would be found to grade above middling, while 
later in the season a similar sampling would show very few bales 
grading as high as middling. 
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In the course of the season samples were secured from 103 towns, 
representing practically every cotton-producing county in the State. 
In some markets only a single collection was made, while in others 
the sampling extended over a period of two months. In the northern 
and eastern portions of the State, where cotton is largely sold in the 
seed, it was not easy to obtain a sufficient number of samples from 
cotton sold in the bale to form a satisfactory basis for conclusions as 
to the character of the market for custom-ginned cotton, but such 
evidence as it was possible to obtain indicates that material advan- 
tages are derived by the grower who insists upon having his cotton 
custom ginned, especially if he produces a quality at all superior to 
the average of his community. A more detailed discussion of the 
practice of selling cotton in the seed will be found in another place. 

SPECIFIC POINTS TO BE INVESTIGATED. 

Some of the questions concerning the marketing of his crop which 
most vitally interest the average Oklahoma farmer are: 

(1) Whether his cotton is properly graded. 
(2) Whether he gets a fair premium for the high grades. 
(3) Whether his low grades are unjustly penalized. 
(4) Whether the buyers in his town are paying as much for cotton 

as buyers in a neighboring town. 
(5) Whether he receives the same treatment as his neighbor in his 

own local market. 
(6) Whether he receives a fair proportion of what the spinner 

pays. 
Some of these questions can not be finally answered as a result of 

this one season’s work, but the data in hand enable us to answer 
others almost conclusively. 

This investigation throws much hght on the question whether the 
enterprising farmer who grows an improved variety and handles it 
throughout by improved methods secures any corresponding advan- 
tage when the bale comes on the market, and it may be said at the 
outset that practically no evidence has come to light that through any 
portion of the State any attention is paid to the variety of short 
staple cotton grown when fixing the price. In other words, the only 
advantage derived by the grower of an improved variety is the ad- 
vantage which may result from its larger yield per acre, its higher 
percentage of lint, or some strictly cultural characteristic. 

THE MARKETING OF MIDDLING COTTON. 

To bring out the general relation between the price of middling 
cotton in different local markets in Oklahoma as compared with the 
Galveston closing price of the preceding day, the differences between 

A 



6 BULLETIN 36, U. S. DEPARTMENT OF AGRICULTURE. 

towns in the State and the range of prices on the same cotton on the 
same day in the same town, Table I is presented. 

TABLE I.—Variations in price of middling cotton in certain towns, and difference 
between local prices and Galveston quotations. 

Price of 4 selected bales. Num- 

Range | ber of | Aver- | Gal- F 
Place. Date. : in bales age | veston pang 

Bale 1. | Bale 2.| Bale 3.| Bale 4.| PHCe- Piatt eee aoe. 
{ 

1912 
DNC An ss ee Oct. 25 | $52.50 | $52.50 | $52.75 | $53. 25 $0. 75 4 | $52.75 | $55.00 | —$2.25 
Norman: =.= =4 2-222 S:AdGin = & 53.50 | 54.00] 54.38 | 54.50 1.00 7| 53.95 | 55.00 | — 1.05 
Clinton. 2-2 a-ak Oct. 26} 51.88] 52.00] 52.25) 52.50 - 62 4] 52.16} 55.94) — 3.78 
ivan: She bss iiAd0s45 3 51.25 | 53.75 | 54.13] 54.58 3.33 14) 53:63.) 55.94 | — 2.31 

DO ses eer Oct. 30; 54.50] 55.00} 56.25 | 56.25 To 5 | 55.65 | 56.25; — .60 
Norman. {25-252 42200: 222 53.75 | 53.75 | 54.25 | 54.50 15 9} 54.06] 56.25 | — 2.19 

i Dr open, SO ie Nov. 4] 55.00] 56.25] 56.7. 57.50 2.50 1 abe 6b lose io 3210 
Weliston: <3 e.* aes oe 57.50 | 58.25 | 58.25 | 58.75 1.25 5 | 58.05] 58.75 | — .70 
Perral sae ee Jon ogeee 55.80} 58.00} 59.00) 59.50 3.70 5 58.06 | 58.75 | — .69 
Mountain Park....|}...do..... 56.25 | 56.75 | 57.75! 59.00 2.75 4] 57.44] 58.75 | — 1.31 
Caddoleee >= 2 see Nov. 5 55.00 | 58.13] 58.75 59. 38 4. 38 4| 57.81 | 60.00; — 2.19 
Bickelayy, dey eae Nov. 6{ 52.00} 55.63] 57.00] 58.00 6. 00 6| 56.20 { 60.00} — 3.80 
RV aN ea Oe ele aeedOreces 56.88 | 56.88 | 56.88] 58.00 112 4| 57.16] 60.00} — 2.84 
Kao wa= "as Sere Nov. 7| 58.13} 58.50] 59.13] 59.13 1.00 4| 58.02| 60.00} — 1.98 
LIST LAS! dae yes See ee eet (eye 53-70 | 55/00) 56.25] 56525 2.50 4) 55.31 60.00 | — 4.69 
Morral oa 94s. eee Noy. 9] 56.25] 57.00} 58.50] 59.50 3. 25 7| 58.07} 61.25 | — 3.18 
Bennington.....-. Nov. 13 | 56.25 | 59.25 60. 75 61.85 5. 60 5 59.62 | 60.94 | — 1.32 
erral e552. eee Nov. 14] 57.00] 58.75} 59.00} 59.50 2.50 4] 58.56) 60.73 |} — 1.17 
Mountain Park....|...do..... 53.54 | 56.25] 57.50] 58.25 4.71 7 | 57.08] 60.63 | — 3.55 
AT CAUIAM se eee Nov. 16 | 55.50] 57.00} 59.00} 59.50 4.00 4| 57.75 60.00 | — 2.25 
MaArichtas aonb eee ae Oe a 57.50 | 58.00} 58.75 60. 00 2.50 4| 58.56] 60.00 | — 1.44 
Mountain Park....| Nov. 18] 50.25 | 55.63] 55.63] 56.25 6.00 5 | 54.80] 60.00 | — 5.20 
Marietta: e-.22405 Nov. 23 | 59.38| 60.00} 60.00] 62.50 3.12 4 60.32 | 61.88 | — 1.56 
Snydersoss sc! | Nov. 27} 60.00| 61.00] 61.25 62.50 2.50 7| 61.04] 63.13 | — 2.09 

Only those towns appear in this table in which the collections on a 
given day included samples from 4 or more bales of middling cotton 
sold on that day. From these middling bales we have selected 4 
showing the lowest price paid, 2 of the intermediate prices, and the 
highest price paid. These prices, figured on the basis of a 500-pound 
bale, appear in columns headed “ Bale 1,” “ Bale 2,” “ Bale 3,” and 
“ Bale 4.” The average price given in the table is based upon the 
total number of middling bales sampled in the given town on the 
given date. The range in price represents the difference between 
the price for bale 1 and bale 4, and shows the extreme variation 
which our indiscriminate system of sampling chanced to bring to 
light. The Galveston price of the 500-pound bale, based on the 
closing quotations of the preceding day, is also shown, and the 
difference between the average price in each town and the corre- 
sponding Galveston price is also shown. In a general way these 
differences, while extremely irregular, are less than the cost of com- 
pression, insurance, and freight to the port, showing very clearly 
that for some reason not obvious a very large part of the Oklahoma 
crop sells for some premium above Galveston quotations. Various 
important cotton interests allege that these quotations are always 
below the average spot transactions of the day at the port. 
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The entries in this table are made in order of date, and it will 
be noted that some towns appear more than once. This occurs when 
the samplings on different dates each happened to include 4 or 
more bales of middling. Im each case it will be noted that the 
difference between the average price of the bales sampled by us and 
the Galveston price is by no means similar on different dates. Thus 
the difference between the average price of 7 middling bales sampled 
in Norman on October 25 and the closing Galveston price for October 
24 is $1.05 per bale. On October 30 the average price of 9 middling 
bales sampled at Norman is found to be $2.19 less than the corre- 

sponding Galveston price. On November 4 the average of 11 mid- 
dling bales was $3.10 below. On the same day 5 middling bales 
sampled in Terral were found to average within 69 cents of the 
Galveston quotations, but 5 days later, on November 9, the average 
price of 7 middling bales dropped to $3.18 below the Galveston value. 
At the end of another 5-day period, on November 14, the average of 
4 middling bales taken at random was within $1.17 per bale of the 
same port price. 

The most striking fact brought out by this table, however, is the 
extremely wide range in prices paid for bales of identical grade in 
the same markets on the same days. The fact should be borne in 
mind that there is every reason to believe that actual variations in 
price were much more pronounced than those here shown. In two 
cases only have we sampled more than 10 middling bales, and in 
most cases only 4 or 5. In many of these markets there were 
probably sold from 20 to 200 bales of middling cotton in a single 
day, and the chances are very remote that we happened in any 
particular case to secure data upon either the highest or the lowest 
price paid. It is with the utmost confidence, then, that we state that 
the range in price here shown is very much less than that which 
actually occurs for the same grade of cotton on the same day in 
most of the primary markets in Oklahoma. 
A glance at the table shows that this condition of widely varying 

prices paid for middling cotton is not localized, but occurs in every 
part of the State. The extreme variations shown in column 5, Table 
I, are: A difference of $6 between bale 1 and bale 4 at Erick; in Beck- 
ham County, on November 6, and a similar variation at Mountain 
Park, in Kiowa County, on November 18; these towns are both in 
the western section of the State; but the difference of $5.60 between 
bale 1 and bale 4 at Bennington, in Bryan County, on November 13, 
and a variation of $4.38 between the price of 2 bales of middling in 
Caddo, also in Bryan County, on November 5, and of $4 at Arcadia, 
Oklahoma County, on November 11, show conclusively that similar 
conditions exist in the southeastern and central portions of the State. 
Tt will be observed that while 4 or more middling bales were sampled 
at Mountain Park on three different days, in no case was the range 
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in price less than $2.75, while 3 similar samplings in Norman de- 
veloped differences of only 75 cents among 9 middling bales on Octo- 
ber 30, $1 among 7 middling bales on October 25, and a range of 
$2.50 among 11 middling bales on November 4. It is notable that 

the narrowest range of prices shown on middling cotton in any one 
town on any one day is 62 cents at Clinton on October 26, and this 
is probably explained by the fact that all 4 of the middling bales 
sampled in Clinton on that date were purchased by the same buyer. 
In all the other figures presented in this table great care has been 
taken to avoid including any bales which were handled as parts of 
round lots. Of course we have no means of knowing that in every 
case all of the bales which we have found to grade middling were so 
graded in the first transaction; in fact, the wide range in prices 
would seem to indicate that the price on a great many middling 
bales must have been seriously depressed for some reason which our 
critical examination of the samples failed to develop. 

This discussion of the variation in the price of middling cotton 
might be continued and emphasized by numerous citations from col- 
lections which include smaller numbers of middling bales. Three 
examples will suffice to show that these irregularities are even more 
widespread than Table I shows. For instance, the collection of 
samples from about a dozen bales which had been accumulated in a 
dealer’s yard at Lone Wolf, Kiowa County, and which were pur- 
chased on almost as many different dates, showed a difference of 
$2.50 in the prices paid for 2 bales of middling cotton on the same 
date. Ofa similar lot sampled at Cordell, in Washita County, which 
had been purchased just one day later than the bales at Lone Wolf, 
a difference of $5 per bale was found. A collection from the street 
sales at Marietta on December 4, when most of the cotton was low 

grade and only 2 bales of middling were found, showed that ‘one 
grower received $5 more than the other for his middling bale. When 
such variations in the price of middling cotton are developed by the 
random sampling of 2 or 3 bales of that grade in a town, it is almost 
appalling to consider the injustices which must be done in the aggre- 
gate in transactions involving only the best-known grade of cotton 
and that upon which the daily quotations are based and the daily 

purchasing limits set. 
An examination of the results of this investigation indicates that 

somewhat greater irregularities occur in the handling of the higher 
and lower grades than those shown for middling cotton, the most 
notable being in the very low grades, as shown by Tables II, III, IV, 
and V. The fact that the price of middling is often more variable 
than any other is brought out by a further analysis of the figures 
for the samples taken at Cordell from the bales sold on November 8. 
A total of 13 bales were sampled. Of these, 3 were middling, and the 
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extreme variation in price among them was $5; 3 bales were strict 
middling, and the extreme variation in price among them was 
$3.75; 5 bales graded strict low middling, and the extreme range in 
price was $2.50; 1 bale of good middling brought $60, the highest 
price among these 13 bales. This would indicate that the local mar- 
ket had some accurate appreciation of grades were it not for the 
fact that a low middling spotted, the poorest bale of the 18, brought 
exactly the same price. 

The facts summarized in this chapter seem to furnish a definite 
answer to one of the questions in which every grower has a right to 
be interested and show that neighbors selling middling cotton in the 
same market on the same day do frequently receive radically dif- 
ferent prices, involving great injustice to one or the other. 

IRREGULARITIES IN PRICES PAID IN SAME MARKETS ON THE oe 
DATES FOR IDENTICAL COTTON. 

As throwing further light on the extent to which distinctions are 
made between grades and the uniformity or lack of uniformity of 
prices paid for identical grades in primary markets, brief tables 
have been prepared, including 21 different towns, to show the dif- 
ferences in price between 2 bales of identical grade sold in these 
markets on the same dates. These towns cover geographically almost 
the entire cotton-producing area of the State. The tables. have been 
separated by grades, tabulations being made for strict middling, low 
middling, and strict low middling, while table V includes the highest 
and lowest grades and various tinges. Tables II, III, and IV have 
been arranged by dates on which the sales recorded took place, Table 
V in descending order of grades. 

Tastes II, III, IV, anp V.—Variations in prices paid for 500-pound bales of 
same standard grade on given dates in certain selected towns. 

Il.—STRICT MIDDLING COTTON. 

Date. Place. Variation. Date. Place. Variation. 

1912. 1912. 
Oe on eurcelle see Me aca seesecss< $2500 || NOW 14s |) enna sees se ees oe ee $3. 50 
INOveeEatiwnernal? (esi gS te Sete 3.00 16s SWianetter- a5. oSe see 4.25 

re WB RIG Kearse ee akars ai coraisisismars ce ae 5.75 TSs|\eMarietia srs 2.5 282 ee 3.25 
92| Okemah wart -Syees se eek ee. 2.00 184WOkemah Ss 42s. 0 toe bis ore os 2.50 

11 | Mountain Park.............. 7.25 

IlIl.—LOW MIDDLING COTTON. 

Date. Place. Variation. Date. Place. Variation. 

1912. 1912 
INOW Wie 4 is OPDORT citys tae e i yl S45 ONIN OV. 26n)) CROGUELE EEE ers ase ae eee $3. 75 

ORIPRIEIC Knee suite ce = ae 5.00 2 TANTO DAL terme ste caesr s ete ae 5.00 
Ope Merralsse3 Geb. ere ik x2) 5.50 2OU ZN ORMAM oso 42 eee ees 6. 25 

ihil |) Wigiaygoiae 46 iso copoadcuseuee Oxssul Dec. sOMmManicttaa----ee eee 2 en sece 2.26 
LE AN err eal Lie Bok ee Re 12.50 

11835°—13——2 
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IV.—STRICT LOW MIDDLING COTTON. 

Date. Place. Variation. Date. Place. Variation. 

1912. 1912. 
NOV een ROILAlen oe. aie one acca $4.20 ||| Nov.18 | Okemaheentes. .-- cee $2.50 

AMBP soe. o .ck Get ceticenice cas 4.69 21 | Mountain Pank2.) See 3.75 
biel WC Co ees Sea 4.75 25 .| Normances oye. pice Geen 3.75 
WiiSayder: ge 53 Ss ees ae 6. 75 26 || Porter? eeige to. see ie 4.37 
Qi OCR fe 5 Soc ee ccln cine == 6. 25 30 | INOLMan 2 25-7 - aeeeeeeeeee 5.00 
ON MPorral eich Bere eek ei 4°50 || Dect? )27]) Duncan he eee 10. 00 

UD AWWelStonteetsccee cece occ. 2.50 18: | Waurika.2 oo: ep eemeeeaeene 3.00 

V.—HIGH AND LOW GRADES AND TINGES. 

Grade. Place. Date. Variation. 

Good'middling..sSssf—fekcis EN i 285i wow, ES Paha! 2k Pee eae $5. 00 
Strict middling tinged 5.00 

DOs sureete sco: 5.00 
Dor-2ths.0. ses 5.00 
DO ser acer = hs ae 5.00 

Low middling tinged. oe 7.50 
Stirictigood ordinary. 224 345 228. 3. J gees Se eee 7.00 
Good ordinaryer sje Ete eer ee ey Sey oe ot ee ae 19. 25 

It will be observed that certain towns appear in all of these tables 
and in some of them more than once. This is because our collections 
were made in these places in sufficient volume and including sales on 
enough different dates to show that the conditions indicated were not 
confined to any particular period in the crop year. Wide variations 
in the price for identical cotton occurred almost daily throughout 
the season and cover every grade and quality of cotton offered. As 
was pointed out in the discussion of the variation in prices of mid- 
dling, it is always to be remembered that our figures are based on 
such a small proportion of the total sales in any one town that it 
is extremely unlikely that the greatest variation which we show in 
any case is as great as that which actually occurred many times dur- 
ing the season in the particular town discussed and in the surround- 
ing towns. A general inspection of these tables will show that the 
extreme variation found in the price of 2 bales of strict middling on 
any one date in the same market occurred at Mountain Park on 
November 11, when 1 strict middling bale brought $7.25 more than 
another, the widest variation brought to our attention in the price 
paid for middling at any one place and date having been $6. 

Dropping to low middling, the second grade below middling, we 
note that, on November 11, 2 bales of this grade sold in Mangum at a 
difference in price of $9.88; that the next day in Terral there was a 
discrepancy of $12.50 between 2 such bales; and that in Norman, on 
November 29, 2 low middling bales differed in price by $6.25. 

The strict low middling table shows that, on November 7, 2 identi- 
cal bales differed in price by $6.75 at Snyder ; two days later, 2 similar 
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bales sold at a difference of $6.25 at Erick; while on December 2, at 

Dunean, a difference of $10 was noted between the prices paid for 2 
strict low middling bales. 

In Table V, showing miscellaneous grades and tinges, no instance 
has been included which did not involve a difference of 1 cent per 
pound or $5 per bale in price, and such differences were noted for 
good middling cotton, the highest grade recognized by the trade in 
Oklahoma, and for strict middling tinged. On 2 low middling tinged 
at Madill on December 20 the difference in price was $7.50, while 
2 good ordinary bales sold in Mangum on November 7, the one for 
7.50 cents and the other for 11.35 cents per pound, or a difference of 
$19.25 between the 2 bales. A close inspection of these figures seems 
to furnish some justification for the widespread popular belief among 
the farmers in Oklahoma that their low grades are not sold so nearly 
on their merits as are the higher grades, and that when the cotton 
is distinctly below middling it is comparatively easy for the buyer 
to set his own price. In the extreme case cited at Mangum it is 
possible that the good ordinary bale which sold for 11.35 cents per 
pound may have been one of a small number sold at an average price 
and may thus have brought confessedly more than its value, but as 
there were 27 cotton buyers in this town it would seem that every 
guaranty which competition can give that no bale need be sold below 
its value was there afforded. 

The geographical distribution of the towns in this tabulation is as 
suggestive as the figures themselves. In the strict low middling table 

we have Porter in the northeast, Okemah in the east central, Nor- 
man in the central, Wellston in the north central, Caddo in the south- 

east, Duncan, Waurika, and Terral in the south central, Mountain 
Park and Snyder in the southwest, and Erick in the extreme west 
of the cotton-producing section of the State. It would be difficult 
to select an equal number of towns which would much more thor- 

oughly cover the geographical distribution of the important cotton 
production in the State. 

The other tables are based on collections in fewer places, but are 
almost as comprehensive in their geographical representation. The 
western part of the State furnishes more entries in the tables on 
later collection dates because the crop was an early one and picking 
in the eastern sections was practically finished at an unusually early 
date. Furthermore, in many of the eastern towns so much of the 

- cotton is first sold in the seed that an ordinary sampling would not 
give us any considerable number of bales of any one grade sold on 
the same date, the first price of which it would be possible to secure. 

Summing up this feature of the investigation it may be stated 
that the fluctuations in prices paid for any grade of cotton from day 
to day, or during any one day, exceed greatly those justified by any 
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change in the buyer’s limits or in spot transactions in the great cot- 
ton markets. If buyer and seller were equally informed as to the 
grade of the bales offered and if the sale of the individual bale were 

a matter of no more importance to the farmer than its purchase is to 
the buyer, such conditions could not exist. The farmer is necessarily 
under some pressure to sell after he has brought his bale to town. 
If he does not do so he has lost a day’s time and has no assurance 

that his next attempt to sell will be productive of better results. 
Furthermore he is not well enough versed in cotton grading to know 
exactly what his bale ought to bring, or whether the price offered is 
a fair one. The conclusion is irresistible that the burden of the 

great discrepancies in the prices paid for each standard grade must 
fall most heavily upon those producers who are most ignorant of 

cotton grading and who are under the greatest pressure to sell. 
Except in the latter part of the season when the grades are run- 

ning very low and when tinges, stains, and spots occur which afford 
legitimate excuses for wide differences in judgment as to the true 
value of the sample, there is no excuse for failing to come within one 

grade of a correct classification. In a market where it is intended 
to treat all customers alike and to buy cotton by grade, there is no 

excuse for offering for two bales of identical grade prices further 

apart than prevailing difference sheets will justify on a range of 
four or five full grades. 

HOW THE DIFFERENCE SHEET IS APPLIED TO THE FARMER’S COTTON. 

Closely allied with cotton grading, whether this is impartially done 
or whether it is graded “safe,” is the question of the differences 
to be applied to the various grades above and below middling. The 
whole question of the application of the difference sheet in Okla- 
homa appears to be in a chaotic condition. There are a number of 
firms dealing in cotton on a large scale, each of which issues its own 
difference sheets and changes the premiums and penalties on the 
various grades at pleasure. The form of contract, or offer, usually 
made to the country merchant, ginner, street buyer, farmer, or other 
owner of a carload lot of cotton is so much, basis middling, for the 
lot, “subject to our prevailing difference sheet, our grading and 
compress weights.” In general the premiums offered by Oklahoma 
firms for grades above middling are about one-half as great as those 
of the New York Cotton Exchange. For the grades below middling 
the penalties are in a general way almost twice as great. This condi- 
tion seems to have given rise to the opinion expressed by some inde- 
pendent ginners that they receive fairly good treatment as long 
as the grades are running around middling or better, but that when 
the grades begin to run low they are penalized to an unreasonable 
extent. 
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Whatever may be the facts concerning transactions between the 
smaller and the larger dealers, the results of our work show conclu- 
sively that the difference sheet receives little attention in fixing 
the price offered the grower. There is a very general tendency to 
hold the price for all cotton offered on a given date pretty close to 
a certain quotation; and, as has been pointed out, the variations in 
price are almost as radical between bales of the same grade as 
between bales of different grades. 

In order to show how this works out in practice Table VI is pre- 
sented, giving the results of collections of samples in 16 towns from 
October 26 to December 21. These towns are arranged in the order 
of date of sampling, and it will be seen that there is no evident rela- 
tion between the differences paid for high and low grades and the 
differences advertised by the larger merchants as the season pro- 
gresses. This table shows the number of bales sampled on each date, 
the grade of the best and of the poorest bale in the lot, and the differ- 
ence per pound between the highest and lowest priced bales, ex- 
pressed in fractions of a cent. The last column shows the difference 
which would have been made between the highest and lowest bales 
sampled if one of the local difference sheets used in. the State and 
based upon the official cotton grades had been adhered to. In every 
case the actual differences in the prices paid for the best and poorest 
bale sampled were less than the difference sheet would have justified. 
In other words, the tendency to pay somewhere near the same price 
for all cotton offered on a given day is very marked. The entry for 
Lindsay is the most notable, and illustrates one of the complications 
which the sale of the seed and lint to the same buyer introduces into 
transactions which affect the bale. The facts in this case seem to be 
that a gimner paid for the good ordinary bale practically the same 
that was being paid for good middling cotton. 

Such excessive payments are often made for the purpose of holding 
the trade of a particular farmer, especially when his seed is being 
sold to the gin. In these cases it is evident that the profit on the seed 
is relied upon to cover a loss on the lint. There is an immense amount 
of such business in Oklahoma, and it militates against accurate grad- 
ing and proper discrimination between good and poor quality. 

The prices paid for individual bales at Lindsay varied within very 
narrow limits each day. As a result widely different grades were 
often bought at the same price. On November 15 bales ranging 
from strict middling down to strict good ordinary spotted were 
bought at 11.05 cents per pound. On November 20, when the extreme 
range in price was $3 per bale, we found single bales of strict mid- 
dling, strict low middling, and good ordinary each of which had been 
bought at 11.50 cents per pound. 
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TABLE VI.—Actual differences between prices paid for various grades of cotton 
in certain markets on certain dates with the differences which would have 
been paid if published difference sheets had been applied. 

Difference - d Published 
Number . in cents a 

Date. Place. of bales Mean eed per pound ierence- 
sampled. ed difference.! 

191 
Oe 265" Cordeliseeae. soso ene ster escort eee Co el Beare eg ie Ss. ve M 0.50 0. 625 

spo 
26 |eHoldenville! +. 2. 25-2 225-2 LOG ANE Sa Me tee owes -10 .25 
G.I OL ee Se Se eee 10) iG Mee eee Mie: se see ~ 245 .25 
B20) TICKe rE: £ iy. 2 Le 2 See eee 12) GLE eee §.L.M.. 375 - 625 
29) Duncan es. oe ao eee eee 14 eG aia SubyMes.s -30 S15 
30°) Caddo £t¢ Piet erry ieee TU EG TINTS ee S.L.M... -50 . 625 
30) | JSValS- seer ttc ota: eee ae 12|/S8.G.M s.L.M.. - 20 ~29 

Nova 19"| sOkemal ss Wye es eke eee re PB) |) Cry Wi Se One 1.90 2.25 
11 5 CP ee ae ar aS Mi ee - 85 1,25 
11 L2G aM: ee Abe 1 ae Pe 1.00 125 
12 LOR See ee 1171 SE - 50 1.375 
14 127 Gee Meee Meee 1. 25 1. 625 
20 PBY\| Cr Ie ann = GLOe ees 20 3.00 

Dec. 18 LON|OS Mee M. tinge Ait) - 8125 
19 63/NG. Meree TasgMig. aan 1.50 1. 625 
21 101) (Mex es 8s. G. O 3.30 6. 00 

stain 

1 A point in cotton is ;3, of a cent per pound. Hence a difference of 25 points, or + cent, amounts to 
$1.25 per 500-pound bale, 

Table VII brings out the fact that in nearly every case where the 
actual range in price is wider than the difference sheet would justify 
the range in actual grade is but slight. In no case does the range 
cover more than three grades, and in no case does it include any- 
thing lower than strict low middling. This shows that when the 
cotton is fairly uniform and very little of it is actually below mid- 
dling there is a tendency to buy a certain proportion of it below its 
actual grade. In other words, there is a disposition to assume that 
the average cotton on the street is about middling and that conse- 
quently some bales, not quite equal to the best, must be below mid- 
dling, and the farmer’s ignorance of grading renders him practically 
defenseless except as competition among buyers may help him out. 

TABLE VII.—Certain towns in which on certain dates the differences in prices 
paid exceeded the published differences. 

Difference . E 4 Published 
Number : in cents P 

Place. Date. | of bales mene ee per pound qeaprence 
sampled. peer difference. 

1912. 
eg iy NNER Be AE oh pe 4 heed Soe es oe Oct. 28 12|S.G.M SOM chet: 0. 275 0. 125 
Biyans Sieve ere eae Saree ae Oct. 28 LOM Sse = see Myosin 25 . 125 
Wyrihewood. 0522. zah tS Oct. 29 12h GIMaseee SB: Maiceee . 20 -125 
gh er sees eee ae oe aie Nov. 7 11: | (Gis 3-22. | eae 50 25 
ORena eee sess aos nee oes see Nov. 16 8 | SM seee. S.L.M.. -70 .50 
INOFMAI ibs - ah sags see ate Nov. 23 Masse. S.L.M.. 75 375 
Snyder.t 7. sf Bee. kee Nov. 27 Lt See oe S.L.M.. 75 - 5625 

In order to emphasize the facts shown in Tables VI and VII and 
to show to what extent the difference sheets influence the prices paid 
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in typical local markets from day to day, Table VIII has been pre- 
pared, showing the results of our collections at Mountain Park on 
five different dates in November and at Norman on ten different dates 
from October 21 to December 21. 

TABLE VIII—Range of grades sampled at Mountain Park and Norman, Okla.,* 
on certain dates, with range in prices paid and published differences on same 

range of grades. 

Difference * 
A Published Number . in cents 2 

Place. Date. of bales Hise Lovey per pound giterence 
sampled. HIT SUES actually dif, ee 

paid. erence. 

16 | G. M...... S.G.0O.. 1.45 2.25 
Gee S.G.O.. 1. 7625 2. 25 
|G ee 8.G.O... 1. 40 2. 875 
20 | S.M...... S.L.M.: 1.45 - 5625 
La AS SoM ees Wy We oecae 1.80 1. 4375 
Gio dilcssase S.L.M.. 10 -50 
8) S. Meese | Deg Eee ce) 15 1.125 

135| Ge Meee S.L.M.. 25 . 625 
ir \ Ss. Mes i) Meese - 40 1.125 
GH Sa eee eS eee .55 . 125 
aS i Maen T..M... B25 1. 125 
ES Mie eeee (yy Meera -90 1. 4375 
10 | M......... Pe Mess 1.50 11, 25) 
5 | M. spot...) M. tinge... 50 «25 
SS oMeeee S. LD. M. 2. 25 1.1875 

tinge. 

1 Special acknowledgment is made of the efficient assistance of Mr. Emil Schulze, of Norman, and Mr.C. H. 
Pinkley, of Mountain Park. Without such aid this table could not have been presented. 

The figures for Mountain Park in Table VIII are especially sig- 
nificant as they show that practically the same range of prices oc- 
eurred on November 18 when nothing better than strict middling 
nor worse than strict low middling was sold, as occurred on preceding 
days, when the grades ran from good middling down to strict good 
ordinary. In one case (November 18) with only two grades between 
the highest and lowest bales the difference in prices actually paid was 
$7.25 a bale, while in another (November 14) a difference of only $7 
occurred in spite of the fact that the highest and lowest were five 
grades apart. 
A significant fact in the data for November 21, not shown in the 

table, is that the highest price of the day was paid for a middling 
bale, although there were four better bales among those sampled. If 
we exclude this one high-priced bale from the tabulation, the actual 
price range would he 30 points less, and would then agree closely 
with the difference sheet. 

The sampling at Norman was more comprehensive and extended 
through a longer period than at any other point in the State. Nor- 
man has three cotton buyers. It is on the main line of the Santa Fe | 
Railroad and has no competing transportation line. It is in many 
ways typical of the small primary markets of the State. The results 
of the collections on 10 dates are given to show about what happens 
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in these small interior markets. It is very evident that there is no 
close relation between the actual differences paid on the street and 
the published differences. 

In connection with these tables it must be constantly borne in mind 
that we have shown in each case the grades of the best and poorest 
bale sampled and the highest and lowest prices paid for any bales 
in the particular lot. It does not follow that the highest grading bale 
usually brought the highest price or that the lowest grading bale 
brought the lowest price. In fact, this is not true in a majority of 
the cases tabulated. In the aggregate we have found so few instances 
in which the differences actually paid exceeded a range permissible 
under prevailing difference sheets that there is no doubt that these 
cases are quite exceptional and in a general way occur only when 
there is little range in grade among the bales offered on any par- 
ticular day. 

The facts brought out in this chapter answer another of the ques- 
tions of greatest importance to the farmer and show that no proper 
distinction between grades is made when he offers his cotton for sale. 

A SPECIFIC APPLICATION OF THE DIFFERENCE SHEET. 

An analysis of the prices and premiums actually paid for 7 bales 
of cotton sold in Shawnee on November 2 shows pointedly the fail- 
ure of the present selling system to secure for the farmer proper 
recognition of superior quality. This lot of samples was found to 
consist of 1 middling, 3 strict middlings, and 8 strict good middlings. 
The middling bale brought 11.25 cents per pound, which by compari- 
son with the prices at the ports we must assume to be a fair price, 
Shawnee being recognized as a premium market. Of the 38 strict 
middling bales, 2 brought 11.25 and 1 brought 11.35 cents per pound. 
Of the 3 strict good middling bales, 1 brought 11.25 and 2 brought 
11.35 cents per pound each. 
Now, assuming that one farmer produced all these bales, he actu- 

ally lost on the 3 strict middling bales $1.35, as compared with what 
the local differences would have allowed him. On the 3 bales of 

strict good middling, which by local custom would be graded only 
as good middling, he received $3.05 less than he was entitled to even 
under local differences. He actually received a total of only $1.50 
in premium above middling price on the whole 6:bales of high-grade 
cotton, If the New York difference sheet had been applied, allow- 
ing the premiums presumably paid by the mills for such cotton, this 
farmer should have received $3.60 in premium on his 8 strict mid- 
dling bales and $10.20 in premium on the 8 strict good middling 
bales, or a total of $13.80 above the price of middling for his 6 bales, 
instead of the $1.50 which he actually received. 
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The differences established by various cotton exchanges are sup- 
posed to be based upon the supply and demand for the different 
grades and to be readjusted as the proportion of the different grades 
in each crop becomes evident. As the spinning value and waste 
content of grades have never been systematically worked out, there 
is no accurate information in existence on which a scientific difference 
sheet can be made. 
If the difference represents what the consumer is willing to pay, 
these differences should be approximately uniform throughout the 
country. Because he can not tender them on general contract and 
may not be able to negotiate a satisfactory sale, the interior agent is 
probably justified in offering less for low-grade bales than they will 
bring on the exchanges. For the high grades, however, for which a 
premium. is regularly offered by exchanges, there would seem to be 
no good reason why he should not offer proportionately as much 
above middling prices as the exchanges do. The whole question of 
a fair and logical difference sheet is closely allied to the question of 
fair and impartial grading, and such a system is never likely to come 
into existence and ke put into general use by any of the forces now 
controlling the cotton industry. 

Summing up this whole matter of premiums and penalties, we 
may say that the farmer sells his cotton subject to comparatively 
little variation in price in consequence of variation in grade, but 
that he is subjected to a process of averaging to which he is not 
consciously a party, which is based upon no definite consideration 
of his rights or interests and which must inevitably be so adjusted 

as to leave a hidden profit for the buyer. This system of averages is 
arrived at by rule of thumb, is never reduced to writing, and is 
subject to no supervision or adjudication. 

Averaging prices on the original purchase of cotton is a vicious 
practice because it is impossible to equitably distribute its benefits 
and burdens. On each particular day of the season the man who 
sells a good bale receives less than he should because his price is 
averaged down a little to cover the loss which the buyer will sustain 
on the poor bale of his thriftless and indifferent neighbor. If each 
farm and each farmer produced good and poor bales in the same pro- 
portion, a reasonable system of averaging prices for the day tvould 
work no particular hardship, although the average price would neces- 
sarily be low enough to protect the dealer who must resell on accurate 
grades; but when it is remembered that many individual crops are 

better throughout the season than others, because of superior seed, 
better cultivation, prompt picking, and careful handling, it is one of 
the most vicious injustices of the entire cotton-handling system that 
an average price should be enforced against these better craps, thus 

11835°—13 3 
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depriving the producer of the legitimate fruits of his special care 
and labor. By this system the careful and progressive are regularly 
penalized for the benefit of the indifferent and thriftless. 

MARKETING THE HIGHEST GRADES. 

For some reason not satisfactorily explained, the cotton trade in 
Oklahoma recognizes no grade above good middling. All strict 
good middling and middling fair bales are expected to be graded 
and sold as good middling. The reason for this practice is alleged 
to be that the higher grades are not produced in sufficient volume 
to permit full carlots to be concentrated for shipment. Consequently 
small dealers or farmers can not get a cenu above good middling 
price for strict good middling bales, even when their actual grade 
is admitted by the cotton merchant. The larger dealers in turn 
claim that strict good middling bales accumulate so slowly that it 
does not pay to take account of them and that they are included in 
their shipments of good middling without credit or recognition. 
Hoping to throw light upon this point, we have separated the 

figures for all strict good middling bales sampled in our market sur- 
vey and have made comparisons with prices paid at the same place 
and date for good middling bales. We find that in many cases no 
distinction is made. In other cases the lower grade brings the higher 
price; but when the total sales of each are averaged and compared 
for 34 strict good middlings found in 10 towns and 59 good mid- 
dlings sampled at the same places and dates, we find an average 
difference of 12 points in the price paid the farmer in favor of the 
better grade, which, in view of the almost unanimous declaration of 
the trade that the strict good middling grade is not recognized, must 
mean that a considerable number of good middling bales are bough 
below grade. 

Our sampling began late in October, and records of comparatively 
few bales sold on earlier dates were obtained. The part of the crop 
carrying the largest percentage of high grades had already passed 
from first hands. Our method of selection probably gave us a larger 
percentage of high grades than existed in the body of the crop which 
was marketed while our work was in progress, but perhaps not 
higher than would have been found in the crop as a whole, and if 
this is the case the crop of Oklahoma for 1912 contained some 19,000 
bales of strict good middling cotton, on which the New York differ- 

ences would entitle some one to a total of over $20,000 in premiums 
above the price of good middling. No one in the State who was 
interviewed admitted having received a cent of this premium. It 
would seem that this item is worthy of the attention of some of the 
larger operators in Oklahoma, and the suggestion is made that these 
figures indicate a larger production of high-grading bales in the 
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State than is generally realized. If the testimony of the trade is to 
be accepted, there is absolutely nothing gained at present by pro- 
ducing cotton in Oklahoma which grades above good middling. It 
is impossible to sanction or justify a system of marketing which sets 
a definite limit to the desirable qualities which will be paid for, 
especially when other sections of the country are producing these 
qualities in commercial quantity and regularly collecting a premium 
for the superior excellence of the very highest grades. 

HOW COMPETITION AMONG BUYERS AFFECTS THE PRIMARY MARKET. 

It is persistently asserted by cotton buyers that no business is more 
openly and actively competitive than theirs. They dismiss the sug- 
gestion that any large number of growers are deprived of proper 
premiums on high grades with the assertion that competition is so 
close that such a condition could not long exist in any locality. 
An exporter in one of the important Oklahoma markets assured the 

writers that if they could find a point in the State where strict mid- 
dling cotton was selling at middling price, he would have a buyer in 
that town in 10 days who would buy the cotton on its actual grade. 

Almost everywhere throughout the State the buyers have freely 
opened their records for our inspection, have given us free access to 
whatever cotton they had on hand, and have invited us to sample 
at pleasure their bales in public, private, or compress yards. Very 
little disposition has been manifest in any quarter to withhold any - 
information on prices paid. In no market investigated have we dis- 
covered any evidence of combination among buyers to hold down 
prices, although we realize that we were in very few places for suf- 
ficiently long periods to be sure that this is not done. Certain it is 
that nothing came under our observation which looked like system- 
atic robbing of the growers in any street market. There seems to 
be a rather general recognition of the condition pointed out by the 
head of an important gin and oil-mill firm, who said, in effect: “ The 
people in our territory do not have to raise cotton. They can raise 
corn, live stock, and fruit, and if we can not make cotton a profitable 
crop for them, they will quit raising it and leave us with a lot of 
dead capital on our hands.” 

Cotton growers very generally measure the desirability of a mar- 
ket by the number of cotton buyers therein. A town with four buyers 
is generally believed to be a better market than a town with only 
three buyers. Our work gives us no ground for accepting this view. 
The figures given in the preceding tables have a tendency to raise 
a very serious question as to whether apparent competition in buying 
really has the effect on prices with which it is credited. To further 
illumine this point, Table IX is presented. This table is not based 
on a comparison of individual bales, but it shows in every case the 
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average price paid on a given date for all the bales of a certain grade 
sampled by us, and for comparison the average price of all the bales 
of a specified lower grade sold on that day of which samples were 
secured. In each case here given the average price for the lower 
grade was higher than that for the better grade. 

TaBLE IX.—Certain places and dates at which the average price paid for 
higher grades of cotton was less than for lower grades. 

Higher grade. Lower grade. 

Date. Place. 
Average Avera: Number Number JERE SY 

Grade. | price per Grade. | price per 
of bales. poun of bales. pound. 

1912. Cents. Cents. 
Oct; 25)| phadyibomt-c.s-o-.-meeseeeeee 2|| GaMieee 10. 90 2/S.M.. 10. 95 

26 | ‘Holdenvalle:?-25=2--25--ss2e-% = 4|S.M... 10. 70 Ds) Mere oe ee 10. 725 
30) Purcell ee as. oc stance sgsnes 7 | Go Mee 10. 86 9/S.M 11.01 
30 4|S8.M... 11. 094 2 PMb oe: 33 11. 125 

Nov. 1 3) | Geeviees 11. 47 6| S.M 11.51 
4 5) | Soave 11. 32 LipMbes 233 11. 36 
4 2) G. Mee 10. 85 3|S.L.M.. 11. 23 
7 3G. Meee 11.17 2 area 11.19 
8 3) | Save 11. 40 fh ba Cie 11. 42 
9 16:| S: Mise: 11. 73 DpMze cide 11. 75 

11 ZN MIS NIE Si 11.94 8|S.L.M 11.95 
13 31S. Mess 12. 10 2|S.L.M 12. 125 
14 6|S.M 11.69 tS (Meet 11.75 
14 2|M.. 11.75 3] S8.L.M. 11.77 
16 4|/M.. 11.55 Bye (ies Wc ea 11.70 
16 & | Sptee 11. 63 Gi ip Mere. 11. 65 
18 6|S.M.. 11.40 2|;L.M 11. 75 
22 Sle Sa ars 12. 08 Det SN AN we 2 12. 30. 
29 2)S.M.. 12. 06 By) Wee 12.29 

Of course, it would be possible to present another table showing 
more numerous cases in which the average price was higher for the 
better grades, although in no single case which has come under our 
observation do the gradations of price agree closely with the dif- 
ferences on which purchases are supposed to be made. The numbers 
of bales used in the comparisons in Table [IX may seem too small 
to furnish a fair indication of conditions, but it must be remembered 
that all bales showing spots, tinges, stains, or “blues” have been 
omitted. We again call attention to the fact that our samplers aimed 
to get the widest possible range of quality each day, rather than a 
large number of duplicate samples, so that 2 to 6 bales of a single 
straight grade were as many as we usually took at one place. Had 
we anticipated the illogical crisscrossing of grades and prices actually 
found we could easily have arranged for larger collections of the most 
numerous grades which would have given average conditions with 
statistical accuracy. The great value and significance of the table 
rests on five facts: (1) All bales were of standard grade; (2) so 
far as we can learn, each was supposed to be sold openly on its 
merits, all round lots having been omitted; (3) the showing covers 
the whole cotton section of the State; (4) the sampling was not 

done with the expectation of showing such conditions to exist; 
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and (5) the utter failure of competition to secure proper discrimina- 
tion in gradations of prices is as much a surprise to the writers as it 

- will be to the cotton interests themselves. 

In such cases as that of Purcell, where the average price paid for 9 
strict: middling bales is actually 75 cents per bale more than the 
average price of 7 good middlings, it would appear that there is no 
attempt to distinguish between grades above middling, and that it 
is merely a matter of chance which grade happens to show the best 
average price. The same condition is indicated at Norman, where, 
on November 4, 7 bales of middling averaged slightly higher than 5 
bales of strict middling. Marietta on November 16 showed a similar 
condition. 
A failure to distinguish between adjacent high grades will not 

account, however, for such showings as that for Erick on November 
4, when the average price paid for 3 strict low middlings was $1.90 
per bale above the price paid for 2 good middlings. Here is a jump 
of 3 full grades, with the lower group of bales bringing a decided 
premium. Again at Okemah, on November 18, we have 2 low mid- 
dlings bringing $1.75 per bale above the average price of 6 strict 
middlings, another instance of missing the proper relation between 
bales by 3 grades. 

Tt is hardly credible that buyers in towns where so much cotton is 
handled could make such mistakes in the average grading of even 
one day, and the most plausible explanation which suggests itself is 
that the farmer must insist upon actively developing the latent com- 
petition in the town if he is to profit by it. In other words, the first 
offer made may have little regard to the real value of the bale. The 
offer may also be influenced by the known necessities or obligations 

_ of the seller. 

TABLE X.—High-grade bales selling for less than low grade and amount of 
premium these should have brought. 

MANGUM, OKLA. 

Lower grade. Higher grade. 

beaters EN ALT ao be nBial | ee 
Date. SEB premium oss to 

Average Average | on good growers. Number : Number : for these 
of bales. Grade. Paoenall of bales. Grade. Bole bales: bales. 

1912, Cents. Cents 
Nov. 7 5|S.L.M 11.50 allie Snes 11. 41 $1. 35 $7. 50 $8. 55 

11 1|/S.L.M 11. 85 5) iS. M.-2:- 11.75 2. 50 12. 50 15. 00 
12 2|/S.L.M 11. 61 S|, Eee 11.58 45 5. 63 6. 08 

Dee. 13 AM Org ee 10. 81 1|/L.M 10. 50 1.55 13. 75 15. 30 

MOUNTAIN PARK, OKLA. 

Noy. 4 ZN eee 11. 49 5) SN Ee ee 11. 47 $0. 50 $3. 23 $3. 73 
11 TA Beacon 12. 03 WANRSS M3228 11. 87 5. 60 4.38 9. 98 
18 6| L.M.... 11.09 5 |) 1 ee ae 10. 98 2.75 31. 25 34. 00 
21 SH ML Selena 11.60 4/)S.M....- 11.49 2. 20 3. 75 5.95 



22 BULLETIN 36, U. S. DEPARTMENT OF AGRICULTURE. 

In Table X we have presented for the towns of Mangum and Moun- 
tain Park the same information which Table IX carries for other 
points except that the results of four collections are shown in each 
case and the figures have been extended to show the actual loss on the 
better bales, assuming that the lower grades were properly priced and 
applying the same difference sheet used in the foregoing tables and 
discussion. The loss to growers shown in the last column is the 
total loss on the number of highest-grade bales shown in the fifth 
column. 
Mountain Park has only 2 buyers, but Mangum has 27 street 

buyers and we must assume that everything which competition can 
do to force proper respect for quality is done in Mangum. If there 
is a point in the State where competition in buying should yield its 
greatest boon to the producer it is here. How then are we to account 
for such a reversal of qualities and prices as is here shown? By 
what operation of the competitive principle does it happen that a 
low middling bale can be bought for $1.55 less than the average price 
of 4 ordinary bales, when by the published differences of the trade 
it should bring $13.75 more than an ordinary bale? 

In connection with this showing attention is again invited to the 
preceding tables in which Mangum appears. It will be seen that 
every sort of irregularity in pricing and grading found in the smaller 
markets occurs also in Mangum. There is the same wide range of 
prices on a given day for identical bales, the same failure to observe 
any fixed scale of differences, and finally this showing in which low 
grades actually bring more than higher grades. At Mountain Park, 
where there are only two regular buyers, and where the farmers com- 
plain that they do not have a competitive market, the conditions 
appear to be no worse than in Mangum. 
A study of these facts leads to the conclusion that prices on meee 

vidual bales are fixed by some consideration into which local com- 
petition for the cotton does not enter appreciably. In a majority of 
cases the actual grade of the particular bale does have a real influence 
on its price, but not to the extent that it does in later transactions 
between dealers. 

We are forced to believe that the individuality of the man who 
offers the cotton for sale is a more potent factor than it should be. 
The buyers, even in the most competitive markets, seem to ask them- 

selves, “ How much must I pay to get this cotton?” rather than 
“What is this bale worth on today’s market?” In other words, 
competition is fully as manifest in efforts to buy a bale for less than 
someone else paid for a similar bale, as it is in a disposition to “ raise 
the other fellow’s bid.” 
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Running from one buyer to another, perhaps two or three times, 
haggling to get the last bid raised by a few points, is very distasteful 
to a large number of farmers who will not assume the attitude of 
begging for a few extra cents. Driving from office to office with a 
bale or two of cotton takes time and patience. Repeated sampling 
may tax the bale perceptibly. There are many reasons why the pro- 
ducer should accept about what the bale is worth and drive on to the 
yard and get rid of it. Any buyer will assure him that they all have 
about the same limits and any higher bid he might get could amount 
to only a few cents. 

Furthermore, the buyers must get along together on terms of gen- 
eral amity and good fellowship. They have much more in common 
with each other than any of them have with the growers. If one 
buyer is making a special effort to get together a shipment of a cer- 
tain quality he can well afford to reciprocate any courtesy which his 
competitors may show in declining to outbid him en that particular 
grade or quality. 

There is some evidence that a responsible producer will sometimes 
receive a better price if he leaves his bales at home and sells by 
sample. The presence of the bale in town is pretty nearly a guar- 
anty that it will be sold to some one before night. Holding the bales 
at home gives an impression of independence not always lost upon the 
buyer, who instinctively recognizes such a patron by making a thor- 
oughly businesslike bid, offering all the inducement the market will 
justify to bring the bales into sight. 

PURCHASE OF COTTON BY GENERAL MERCHANTS. 

In some parts of Oklahoma, especially along the northern edge of 
the cotton-producing area, where cotton is grown in rotation with 
other farm crops, the plantings ranging from 5 to 20 acres per farm, 
the marketing system is very different from that which obtains where 
cotton is the principal crop, largely grown by tenants and pledged 
in advance for perhaps its entire cost of production. On these mixed 
farms cotton is not the only money crop. ‘In fact, in many cases it 
is not even the principal crop, but it is the crop most quickly and 
easily. converted into cash. 

In these regions a bale of cotton is handled very much as a basket 
of eggs is sold in the Central West; that is to say, it is sold to a gen- 
eral merchant in the nearest town or village, usually a merchant 
with whom the farmer has an account. Incidental to the purchase 
of the bale the merchant may collect a bill, or if the farmer does not 
owe him anything the merchant is very likely to make a sale in which 
a profit of at least 20 per cent on goods will be involved. Some of 
the largest cotton dealers in Oklahoma have assured us that between 
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many of these small towns there is keen rivalry as to which shall 
win the reputation for being the best cotton markets, and that the 
local merchants deliberately pay more than the cotton is worth be- 
cause of the incidental bill collecting and cash trading involved in 
such transactions. Although the larger firms have resident buyers 
in many of these towns, they make it a rule to purchase no cotton on 
the streets, but “take up” the cotton from the merchants at night, 
often, they claim, at an average of $1 or $2 per bale less than the mer- 
chants have paid for it. They say that they can buy the cotton from 
the merchants cheaper than they can buy it in competition with them. 

It is easy to see that where cotton is made practically an article 
of barter and exchange in this way we can hope to have no close 
discrimination between grades nor a sca‘2 of prices based upon the 
real value of the cotton. The merchant who is buying cotton as a 
means of collecting open accounts and securing general trade and 
good will for his store will very naturally gauge his offer by the 
value of the farmer’s good will, rather than by the exact grade of 
his cotton. 

FLUCTUATIONS OF PRICES IN PRIMARY MARKETS. 

In most of the towns in Oklahoma, where the quantity of cotton 
sold runs into the thousands of bales, the greater portion is bought 
either by the ginners or by men who deal in cotton exclusively. The 
buyers who represent large exporting interests receive daily purchas- 
ing limits, and the quotations of the Galveston exchange are usually 
made public every morning. 

In a general way it would be natural to suppose that the prices 
paid in primary markets for cotton possessing no quality which will 
demand a premium would be the Galveston quotation, less freight, 
and possibly one or two commissions. A large portion of the Okla- 
homa crop does, however, command a premium, and the differences 
between the prices received for middling cotton in many Oklahoma 
towns and the Galveston quotation on middling will not cover freight. 
Nevertheless, all Oklahoma markets might be expected to rise and 
fall in sympathy with Galveston. Our sampling was not such as to 
give us a satisfactory statistical showing on this point for the whole, 
State, but we have presented in Table XI the results of our collec- 
tions in five towns during the period in which the price of cotton was 
almost steadily advancing. 
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Taste XI.—Relation of price of middling cotton at Oklahoma points to 

Galveston price. 

Average | Galves- | Differ- Freight 
Number |local price} ton ence in | Per 100 

Place. Date. | of pales. per __| price per | price per pounds 
pound. | pound. | pound. Esiaal 

1912. Cents. Cents. Cents. Cents. 
DCAM asa ohh 3 ra Pea: ae Yo RIS Oct. 25 4 10. 55 11.00 45 684 

Oct. 29 4 10. 64 11.19 55 684 
Nov. 6 3 11.29 12.00 71 684 

JEVAVADIDL s & GRRE ant teu Ee ini at a A Oct. 26 13 10. 72 11.19 47 594 
Oct. 30 5 11.13 11.25 12 594 
Nov. 6 4 11. 43 12.00 57 594 

INKOIgge oe eS ee Ae eae es ee OR es a Oct. 25 7 10. 75 11. 00 21 714 
Oct. 30 9 10. 81 11.25 44 714 
Nov. 4 11 11. 33 11.75 42 714 
Nov. 15 2 11.00 12.13 1.13 71k 

MountarnuP ark if 5 eo ab cay ies ht acl Oct. 30 2 10. 68 11. 25 57 764 
Nov. 4 4 11.54 11.75 21 764 
Noy. 14 7 11.24 12.13 89 764 
Nov. 18 5 10. 99 12. 00 1.01 764 

i Nov. 21 3 11.60 12. 25 65 763 
IN EEYEGHITIB als ennai an em ao a ral Nov. 16 5 11. 67 12.00 33 52 

Nov. 23 4 12.09 12.38 29 52 
Dec. 20 2 12.00 13. 00 1.00 52 

In a general way we have presented the figures for each town 
during a period within which the Galveston price advanced approxi- 

mately 1 cent. 
In this tabulation we have included only bales which graded 

exactly middling on the official classification and have averaged the 
price of all such bales sampled and have compared this average with 
the closing Galveston quotations of the preceding day. 

It will be noted that while there are some irregularities, there is 
a very general widening of the difference between port and interior 
prices as the port price advances. In other words, while the interior 
market does respond to a rise in Galveston quotations, it responds 
rather slowly, and as long as cotton is going up in Galveston the 
margin which the interior buyers allow themselves appears to con- 
stantly increase. 

In the case of Duncan, it will be noted that with the Galveston 
quotation at 11 cents on October 25, the average street price was 
10.55 cents, or 45 points below Galveston. Two weeks later when 
the Galveston price had reached 12 cents, the average price in Dun- 
can was 71 points below instead of 45. 

The dates of collection in Ryan are closely comparable with those 
for Duncan and the figures are based on the average price of a 
larger number of bales. They show a similar tendency, though not 
quite so marked. 

The comparison for Norman is carried up to November 15. By 
this time the Galveston quotation reached 12.13 cents, and the differ- 
ence was five times as great as on October 25. 
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More irregularities appear in the figures for Mountain Park than 
in those for the other towns, largely because of the great variation 
between the highest and lowest price paid for middling cotton on 
the street from day to day and in transactions on the same day. In 
other words, it is hard to tell just what the average price of mid- 
dling cotton in Mountain Park really is. Even here there is no 
question that the average prices paid were closer to Galveston prices 
when cotton was below 12 cents than they were after the quotation 
reached this point and began to go higher. 

There were no cellcceions made in Marietta until other late in 
the season, so that the comparison here is for sales from November 
16 to December 20, during which period the quotations in Galveston 
rose from 12 to 13 cents, with the result that whereas Marietta on 

November 16 was paying within one-third of a cent of the Galveston 
quotation on December 20 she was paying a full cent less. 

All of these figures seem to indicate rather pointedly that the 
grower does not receive by any means the full benefit of a rise in 
prices at the port, the price which is offered him being advanced 
rather slowly and grudgingly. While this work was in progress 
there was no period of as much as one month within which there 
was anything like a steady decline in prices at the ports, so that we 
are not able to give equally significant figures on the downward 
course of the prices in primary markets in response to declining 
quotations. The table furnishes only one suggestive instance and 
that is the comparison between the conditions on November 14 and 
November 18 at Mountain Park. On the earlier date the average 
price of 7 bales of middling cotton was 89 points below Galveston 
quotation. Four days later when Galveston had dropped 13 points, 
the average price of 5 bales of middling in Mountain Park was 
101 points below Galveston. This looks as though a decline in port 
prices is reflected by a decidedly sharper decline in the interior. 

THE INFLUENCE OF STAPLE ON PRICE IN OKLAHOMA. 

A section. of southeastern Oklahoma extending from Durant to 
Fort Towson produces staple cottons similar in quality to those 
marketed at Paris and Clarksville, Tex. In these towns any cotton 
above 1 inch in length brings a premium. Outside of this territory 
practically no attention is paid to the length of staple in determin- 
ing the price which will be paid to the producer. 

In a general way the cotton marketed at certain points brings 
more than the cotton marketed at other points because one locality 
is reputed to produce a little better staple than the other. These 
differences in reputation apply also to compress points. Certain 
large cotton-handling interests regularly pay slightly higher prices 

for cotton shipped from certain compresses than for cotton of equal 
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grade from other compresses because it 1s believed that the territory 
of the one produces a slightly better staple than the territory of the 
other. 

The larger cotton firms secure from each of their traveling buyers 
a number of samples from each district covered. These are sent in 
each year as soon as the cotton begins to move. ‘They are carefully 
stapled and an estimate made of the per cent of bales of 1 inch, 
174; inches, and 14 inches which the district will furnish from the 

current crop. On this estimate the limits given the buyers are based. 
If the buyer finds that he can not secure much cotton at the limits 
set, he concludes that other firms have been better pleased than has 
his own with the samples from that district and he submits further 
samples, hoping for a higher limit. While the average staple lengths 
of the district are thus carefully considered, no attention is paid 
to the staple of the individual bale in fixing its price. 

In a general way the eastern half of the State is believed to pro- 
duce a better staple than the western half, and instances have been 
known in which buyers, although guaranteed a certain length of 

staple by the sellers, or after accepting certain types as satisfactory, 
have stipulated that the cotton must originate east of the Santa Fe 
Railroad, when the very types which they had accepted were drawn 
from bales produced in the western part of the State. 

In order to show just how much difference in staple there is be- 
tween the cotton in the eastern and western parts of the State the 
following figures from six towns may be of interest. 
Shawnee is one of the markets in which all cotton brings a slightly 

higher price than in most other towns because of its reputation for 
producing a good staple. Twenty bales marketed in October and 
November and representing a wide range of grades were carefully 
stapled, with the following results: In 2 bales the staple was found 
to be 42 of an inch; in 15 bales it was exactly 1 inch; in 1 bale, 1's 

inches; and in 2 bales, 1; inches. In other words, three-fourths of 

the bales sampled were found to be exactly 1-inch cotton. The sta- 
pling of all the samples here described was done strictly on the 
basis of what would be accepted for the lengths named by a critical 
New England purchaser. In ordinary commercial transactions be- 
tween dealers and exporters in Oklahoma the staple claimed and 
allowed for local cotton is slightly greater than here indicated. 

At Ada samples from 32 bales sold by one dealer to another on 
October 2 were found to contain 2 bales of $-inch, 8 bales of 42-inch, 
17 bales of 1-inch, and 5 bales of 1s4-inch cotton. These were an 

even-running, high-grade lot of bales, sold at a uniform price, but 
it is evident that the staple had been entirely disregarded in the 
transaction. 
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Samples from 58 bales collected at Okemah from sales made in 
October and November were stapled and it was found that 13 bales 
were of 43-inch, 37 bales of 1-inch, 2 bales of 1s4-inch, 5 bales of 
15-inch, and 1 bale of 13-inch cotton. It will be noted that in the 
case of each of these three towns there are more bales of 1-inch cotton 
than of any other length, and that in the aggregate the number of 
bales falling below 1 are is greater than the number in which the 
cotton ecubeae that length. 

For comparison with these figures the lengths of staple observed 
in three towns in the western part of the State are of interest. Forty- 
one bales sampled in Snyder during October and November com- 
prised 15 bales of -inch, 23 bales of 42-inch, and 3 bales of 1-inch 
cotton. The 77 bales sampled at Ei.ck during the same period con- 
tained 3 bales of 42-inch, 19 bales of $-inch, 19 bales of 43-inch, 35 

bales of 1-inch, and 1 bale of 135-inch cotton. In 51 bales marketed 
at Mangum during the month of November there were found to be 
2 bales of 42-inch, 9 bales of $-inch, 25 bales of 42-inch, 11 bales of 

1-inch, and 4 bales of 15-inch Ehiton 

It — be seen that in the western part of the State there are more 

bales of 42-inch than of any other length and that there were almost 
canes as sténbaly bales above as below this length. 

This fact might be emphasized by the preparation of elaborate 

tables, but it is sufficient for the purpose of this discussion to state 
that the samples from over 3,000 bales collected from every part of 
the State were stapled, with the general result that the regions in 
the eastern part of the State which have a reputation for Sigs staple 
were found to have an actual average advantage of about {7 inch. 

Outside of the small district previously mentioned, lying near the 
Red River, in the southeastern part of the State, it may be said in 

general that there are no two important cotton-producing regions in 
the State between which an average difference of more than + inch 
in length of staple occurs and it is probably safe to say that there are 
no two compresses in the State the cotton from which will show an 
average difference of much over 7s of an inch throughout the season. 

SELLING COTTON IN THE SEED. 

The sale of unginned cotton directly to ginners, who are usually 
closely allied with the oil-mill interests, is still an important factor 
in the marketing of the Oklahoma cotton crop. In the pioneer 
stage of cotton production in this area this custom was much more 
prevalent than it is at present, and under certain conditions there 
is much to recommend it. When cotton is grown experimentally 
or on small areas in communities which can not furnish an adequate 
picking force, it is often a difficult matter for a farmer to accumulate 

enough seed cotton to make a 500-pound bale, and the picking of 
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such an amount may extend over such a period that the quality 

of the cotton will not be uniform. If the ginner stands ready to 
purchase all seed cotton which may be brought to him, the farmer 
has a ready cash market for whatever quantity he may find it con- 
venient to sell at any time. 

The individual grower is seldom able to dispose of his seed to 
good advantage in regions of scanty production, and if he has his 
bale custom ginned he may have to sell his lint in an equally re- 
stricted market. In fact, he may have to leave his bale with the 
ginner or at the railroad station until enough cotton has accumu- 
lated to attract some itinerant buyer, who will pretty nearly fix his 

own price. 
As the culture of cotton has become more general, the proportion 

of the total sold in the seed has constantly decreased, but there are 

still many localities of considerable production where there are no 
regular buyers for lint cotton, and where the ginners make every 

effort to discourage the practice of custom ginning. 
The principal advantage which the sale of seed cotton offers to the 

farmer under normal conditions is the saving in time of men and 

teams while waiting their turn at the gin and in selling the bale on 

the street. The ginner who buys in the seed usually has considerable 

storage space in connection with the gin, with pneumatic unloaders, 
so that there is little delay in making the sale. The load is super- 
ficially inspected, driven on the scales, and weighed; the cotton trans- 
ferred by suction to the storage house, the wagon reweighed, the 

check drawn for the cotton, and the transaction closed. This imme- 

diate sale, without discrimination against large or small loads, has 
a distinct value in a region and at a season when wages are high, 

and when ‘delay in picking the crop entails serious loss. 
This seems to be about the only advantage derived by farmers as 

a class from the sale of cotton in the seed. So far as individuals are 

concerned it results favorably to the man whose cotton will make 
a low-grade bale and unfavorably to those bringing in the better 
grades. Whatever advantage there may be in bulking and curing 
out the cotton before ginning is earned in this case by the ginner, 
and the farmer has no share in it. 

As applied to the industry as a whole, the effect of this system is 
bad, because the prices paid can not be made to vary accurately in 
accordance with the varying quality of the cotton, and at best the 
price must be based on the average lint percentage of the com- 
munity. This, of course, places a direct penalty upon the man 
who plants a variety with a high lint percentage, and gives a cor- 
responding advantage to the man who raises the cotton which will 
produce the greatest number of pounds irrespective of lint outturn 
or quality. In other words, it puts a direct impediment in the way 
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of all improvement based on better varieties. It makes far more 
difficult the saving of seed from any one variety, as the ginner must 
not only break away from his habit in order to gin a bale for seed, 
but must also drop his rolls and subject himself to a degree of incon- 
venience which he considers even more burdensome than does the 
custom ginner. The tendency to plant ordinary mixed seed from 
oil-mill and public gins, which is difficult enough to combat under 

the most favorable circumstances, is much more marked in com- 

munities where the crop is sold in the seed. 
The moral effect of the practice is bad, in that it tempts the farmer 

not only to indifference concerning the amount of dirt, trash, or 
dampness in the seed cotton which he sells, but distinctly rewards 
any success he may have in deceiving the ginner on these points. 
The ginners, on the other hand, knowing that they will be imposed 
upon in this particular, definitely count on a large percentage of 
dirt, and of course govern their offers accordingly. Thus, again, 
the honest and the efficient are penalized because of the delin- 
quencies of the dishonest and inefficient. 

The purchase of seed cotton is closely tied up with the oil-milling 
business and in many sections of the country a very considerable 
charge for buying expenses is made against all seed used. In the 
newer cotton regions, when seed was produced in comparatively 
small quantity and had to be shipped considerable distances to oil 
mills, it was perhaps not unreasonable for the ginner in the early 
days to expect to receive all the seed as his pay for ginning the 
bale. With the present development of transportation facilities in 
Oklahoma and the large number of oil mills operating in the State 
it can not be considered otherwise than as an exorbitant price when 
an oil-mill ginner gives a customer the full market value for his 
lint cotton, reserving the seed as the price of ginning service, bag- 
ging, and ties. The usual cash charge for ginning and wrapping 
a bale is $3.50. Estimating 1,000 pounds of seed, seldom worth 
less than $14 per ton, for each bale of lint, it will be seen that this 
amounts to an overcharge of 100 per cent. There is a measurable 
quantity of cotton still sold in the seed on this basis. 

Competition for the seed seems to be fully as well developed as 
competition for the lint, but does not always manifest itself in a way 
which is advantageous to the producer. On the contrary, where the 
country is fairly well occupied by oil-mill gins, it is rather difficult 
for an independent ginner to secure a footing, and where there is 
not sufficient competition among these gins pressure is sometimes put 
upon the growers to sell their cotton in the seed. The growers be- 
lieve that in some cases the ginners are in the habit of running out 
the rolls very clean in advance of a custom-ginned bale and leaving 
ihe rolls very full when such a bale is finished. In a 4-stand ginnery 
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it is easily possible to rob the grower of from 5 to 20 pounds of lint 
cotton in this way. Another trick is to manipulate the gin so as to 
let the seed pass through without thorough ginning, thus decreasing 
the weight of the custom-ginned bale and discouraging the practice. 
In other cases the pressure is applied by charging an exorbitant price 
for custom ginning. 

It is only fair to state that some of the most important and pro- 
gressive oil-milling interests in the State are opposed to the purchase 
of seed cotton and claim that they do so only where competition or 
the demand of the growers themselves make it necessary. These men 
claim that the growers invariably get the best of the bargain by 
bringing an excessive amount of dirt to the gins in the cotton. Occa- 
sional instances are vouched for in which loads of cotton have con- 
tained layers of sand evidently shoveled in directly from the field or 
the roadside. The ginners seem to find it impracticable to run the 
seed cotton through a cleaner except in connection with the ginning 
of the bale, so that they have no good opportunity to convince the 
farmer as to the amount of dirt in a bale which is unloaded into the 
storage house. 

After a severe storm which beat out a large quantity of cotton, 
partially covering many locks with earth and sand, a load of seed 
cotton weighing about one ton was brought to a gin in eastern Okla- 
homa from which 600 pounds of dirt were removed. Instances of 
250 pounds to the load were by no means exceptional. When cotton 
of this kind is being bought by the pound gross it is evident that the 
ginner must use a scale of prices which will enable him to handle it 
with safety, and that these prices must discriminate against the best 
loads of cotton which he buys. 

Under present conditions the general practice of selling in the 
seed can not be too strongly condemned, although a very material 
saving in time of men and teams might be effected by a system: of 
cooperative pooling of cotton in storage at the gin. If in connection 
with such a system all cotton unloaded into the seed house was passed 
through a cleaning device and graded into about four classes accord- 
ing to the amount of trash contained, it would seem possible to gin 
out of these various lots a considerable number of even-running bales 
which could be sold for or by the farmers to much better advantage 
than the individual bales can now be sold. It would seem that this 
particular phase of the cotton-marketing situation offers an inviting 
field for cooperative effort. 

MARKETING ‘“BOLLY” AND “GATHERED” COTTON. 

The climatic conditions of Oklahoma and parts of Texas are such 
that an early frost does not have such a disastrous effect on the 
cotton crop as in the older part of the cotton belt. Much of the 



32 BULLETIN 36, U. S. DEPARTMENT OF AGRICULTURE. 

cotton in Oklahoma and west Texas is grown at an elevation of 
1,200 feet or more above sea level, with a comparatively ight autumn 
and early winter rainfall. During much of this period there is also 
a brisk breeze. Under these conditions, cotton bolls which are frozen 
before opening dry out rapidly and, even though quite immature, 
crack and partially open. In the more humid sections of the cotton 
belt such bolls usually mildew and seldom open so that the cotton 
ean be picked in the ordinary way, yet under Oklahoma conditions 
a lint of very fair quality is secured from all except the most imma- 
ture of the bolls. 

As originally understood, the term “ bollies” applied only to cot- 
ton from bolls which had not opened sufficiently to permit the lint 
to be picked in the ordinary way. These bolls were, of course, quite 
immature when frozen and the lint was not equal in quality to that 
harvested earlier in the season. Furthermore with the machinery 
formerly available for ginning and the imperfect mechanical devices 
for crushing and extracting the bolls, bolly cotton was of exceed- 
ingly low grade, carrying more stem, leaf, and boll fragments than 
any type of cotton previously on the market. Various cotton ex- 
changes and most of the large exporting firms dealing in western 
cottons therefore, stipulated that bollies would not be received on 
contract, and no matter what their quality may be, bollies are not 
now considered a legal tender in a cotton transaction. 

Changing conditions of production and improved boll separators 
and cleaning devices at the gins have changed the original situation 
very materially. The farmers finding that a frost before the matur- 
ing of the cotton is not so serious a matter as farther south and in 
lower altitudes, deliberately plant cotton with the expectation that 
a considerable proportion of the crop will be frozen in the field. As 
the weather becomes too cold to permit picking with bare hands, 
gloves are worn and the fully matured and wide open bolls are gath- 
ered together with the lint. The immature bolls that have not dried 
out sufficiently to admit of ginning may be left for a later picking. 
Of course, the cotton in these open bolls is just as good as though it 
had been picked in the ordinary manner, and when a load of such 
cotton is put through the hulling and cleaning attachment of a well- 
equipped, modern ginnery, a surprisingly good grade of cotton is 
secured. There appears to be no reason why such cotton should be 
discriminated against simply because the grower finds it practicable 
and convenient to separate the cotton from the bolls by machinery 
at the gin instead of by hand in the field. Such cotton is often 
called “ gathered cotton” to distinguish it from true bolly cotton. 
Since the cleaning devices of the gins have been so improved as to 
secure a fairly clean bale from a mixture of cotton and bolls there 
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is a tendency to increase the amount of gathered cotton. It is prob- 
able that all bolly cotton now contains more naturally opened bolls 
than was the case when the ginning of bollies was first undertaken. 
In other words, the quality of bolly cotton has decidedly improved 
since it first appeared on the market. 

Ginning bollies is a comparatively slow process, and when custom 
ginned the charge is necessarily greater than for picked cotton. In 
consequence there is a very general disposition to sell bollies and 
gathered cotton in the seed, and the larger ginning companies do a 
considerable business in such cotton, the bales being sold on sample, 
thus avoiding the discrimination which would be made against them 
if they were offered as bollies. There are large ginneries in western 
Oklahoma which for months at a time use only an occasional shovel- 
ful of coal, firmg their engines almost exclusively with the bolls from 
the cotton ginned. 

There is perhaps less to be said against the sale of gathered cotton 
or bollies by the ton gross than there is against the practice of 
selling picked cotton in the seed. The fact that such cotton can be 
readily sold is a boon to the planter in a region of high wages, be- 
cause 1t enables him to harvest his crop with less cash outlay, as the 
labor of the farm force can be spread over a longer picking season. 
If, when he takes such a load of mixed cotton and bolls to the gin, 
he can make a prompt sale at a price which leaves him a fair margin 
of profit, there are many reasons why he should do so rather than 
pay a high price for his ginning when he knows that his bale will 
be discriminated against by any buyer who has reason to believe 
that it is a bolly. In other words, the grower is not in a position to 
sell such cotton so nearly on its merits as is the larger operator. 
On the other hand, it is no secret in the trade that bollies are 

purchased by the ginners at a price which leaves them an excellent 
margin of profit. They are not so easy to handle as cotton picked 
in the ordinary way; they are bulky, and the available storage space 
at the gin is soon filled. As a consequence it is by no means rare 
to see large piles of bollies which have been purchased by the ginners 
lying out of doors, entirely unprotected from the weather. Of course 
every snow and rain stops the ginning from such a pile and results 
in more or less deterioration. In short, the handling of bolly cotton 
is lable to be attended in the aggregate with considerable losses, 
all of which must be allowed for in the price offered. 
The establishment of a regular market for gathered cotton has 

resulted in attempts by the growers to eqeline | harvesting by vari- 
ous crude mechanical methods. In the western part of the State a 
sled was used equipped with teeth to comb the bolls from the stalks. 

This device, of course, gathered not only the unpicked cotton and 



34 BULLETIN 36, U. S. DEPARTMENT OF AGRICULTURE. 

unopened bolls, but also the empty pods from which the cotton had 
been picked by hand earlier in the season. This made it necessary 
for the ginners to separate the cotton from about twice the amount 
of bolls and trash which would be present if the bolls had been 
gathered from the stalks by hand. 

At least one farmer whose previous experience had been in the 
wheat-growing regions of the Northwest, after picking the greater 
portion of his crop in the ordinary way and finding that what 
remained after the beginning of cold weather was all near the top of 
the stalk, went over the field with a wheat header, cutting off the tops 
of all the plants at a given height and brought this material to 
the gin. 

The cotton harvested by these methods was actually put through 
the gin, baled, and sold, but the g-nning process is so slow that the 
ginners generally refuse to handle sled-picked cotton. 

In this connection it is only fair to say that there is probably no 
State, with the possible exception of Texas, in which the equipment 
and efficiency of the average ginning establishment is so excellent 
as in Oklahoma. Our observation leads us to doubt whether 10 per 
cent of the ginning establishments in the southeastern portion of 
the belt could operate at all upon such cotton as a majority of 
Oklahoma gins handle throughout a considerable part of the season. 
We are inclined to believe that the average load of hand-picked cot- 
ton which is brought to the average Oklahoma custom ginnery 
results in a bale at least one grade higher than would be obtained 
from the identical cotton if it were put through one-half of the 
gins operating in the Carolinas. 

The larger cotton merchants of Oklahoma complain that there is 
no proper recognition by the trade of the fact that Oklahoma cot- 
ton contains less sand and gives less invisible loss in the mill than 
the cotton of any other section. The almost universal use of mod- 
ern cleaning devices in Oklahoma ginneries and a general absence 
of such devices in many other portions of the cotton belt lead us to 
believe that the superiority claimed for Oklahoma cotton actually 
exists. . 

With facilities for getting the highest grade which can be secured 
from the cotton on the farmer’s wagon, it seems both unfortunate 
and unreasonable that no marketing system has been worked out 
which gives him the full advantage in price to which this superior 
quality is entitled. In other words, with a mechanical equipment for 
ginning and baling which is superior to that found in any other por- 
tion of the cotton belt, the resulting high-grade bales are sold in the 
primary markets almost without regard to actual grade. 

It is our purpose to continue this survey during the season of 1913 
on a somewhat different plan with a view to obtaining reliable statis- 
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tics of the proportion of the different grades in the total crop of the 
State and of the average relative prices received for these grades 
during the entire season. This will also give an accurate record of 
the rise and fall of prices in the interior as compared with prices at 
the ports and on the larger exchanges. If successful in obtaining 
this information we should have a fairly accurate measure of the 
ageregate loss to the growers in the State from failure to secure 
proper grading at the time of sale, and we shall be in a position to 
give accurate advice as to the savings which may result from or- 
ganized cooperative handling and marketing among the farmers. 

SUMMARY. 

1. This market survey included 103 towns in Oklahoma and in- 
volved the sampling of over 3,200 bales of cotton with records of 
date and place of sale and price paid to the grower. It also involved 
the careful grading and stapling of these samples. 

2. While the survey was in progress much information concerning 
ginning and marketing practices was obtained. 

3. The ginners, who buy a large proportion of the cotton, pay very 
nearly the same price for all cotton purchased on a given day whether 
buying in seed or in the bale. 

4. In street markets, even where there are large numbers of buy- 
ers, widely differing prices are paid on the same day for bales of 
identical quality. There is no uniform price even for middling 
cotton. 

5. The differences fixed by Oklahoma firms allow only about one- 
half as much premium for grades above middling as do the differ- 
ences of the New York Cotton Exchange. This should not be con- 
strued as in any way approving the New York fixed difference 
system. 

6. In actual street buying the premiums paid for bales grading 
above middling are far less than the locally advertised differences 
for such grades. In some cases the bulk of the cotton is bought as 
middling for weeks at a time, when a large majority of the bales are 
actually above that grade. 

7. Accurate knowledge of cotton grading is of little value to the 
producer in marketing his individual crop under present conditions. 

8. Independent ginners and local merchants who buy cotton are 
usually compelled to accept the grading of the larger firms when 
their cotton is “taken up.” 

9. Except in the southeastern part of the State no attention is 
paid to length of staple in fixing the price of the individual bale, 
but certain regions receive shghtly higher prices than others be- 
cause of reputed superiority of average staple. 
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10. The cotton trade in Oklahoma recognizes no grade above 
good middling although many thousand bales of higher grade are 
produced. 

11. The practice of selling in seed saves time of men and teams 
at the gin, but encourages careless and dishonest practices on the 
part of both producer and ginner. 

12. Prices paid to farmers both for seed cotton and for lint are 
too largely based on a system of averages. This works great in- 
justice to the producers of the best grades and discourages improve- 
ment of varieties in percentage of lint yield and in length of staple. 

13. The greatest losses to the farmers under the present system of 
marketing appear to le in their failure to secure the premium for 
their high grades which these bales finally bring. 

14. No relief from this concition can be expected while grading 
is wholly in the hands of the buyers. As long as this is the case 
the cotton will never be closely graded until after it has left the 
growers’ possession. 

15. Cooperation among growers, if properly organized, would 
probably furnish some measure of relief, but under present condi- 
tions a rather expensive selling department would probably be neces- 
sary. 

yi PE ee COPIES of this publication 
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INTRODUCTION. 

Present agricultural practice requires that nitrogenous matter be 
supplied to the soil supporting crop growth. At one time it was the 
belief that all the nitrogen found in the substance of the plant had its 
origin in that added to the soil as a fertilizer. Now, however, it is 
definitely known that this is by no means true in the case of certain 
types of plants and that the uncombined nitrogen of the atmosphere 
is made available for plant metabolism through the instrumentality 
of lower organisms inhabiting the soul. The marked accumulation 
of nitrates in certain soils of Colorado has been explained on the basis 
of the bacterial fixation of atmospheric nitrogen.1 Nitrogen com- 
bined as nitrate of soda occurs naturally in the arid plateau region 
of Chile. It also occurs in certain of the rainless portions of the 
United States. In this country, however, it occurs as so small a 
proportion of its carrier that its extraction therefrom under present 
conditions is commercially impracticable.2, Aside from this occur- 
rence, combined nitrogen is found in nature only in the complex 
compounds constituting the organisms of plants and animals or 
arising from the decomposition of these. In small amounts it is found 
in the soil in the form of certain organic compounds,’ some of which 
are toxic in their action on growing plants, and some beneficial. 

The nitrogenous compounds comprising animal and vegetable 
tissues constitute the principal foods for man and animals. In gen- 
eral it is true, therefore, that only in those instances where their 
occurrence 1s such as to preclude their ready marketing or where por- 
tions of them for one reason or another are unfit for food, are they 

1 Headden, Colo., Agr. Expt. Sta., Bulls. Nos. 155 and 160. 

2 Free, Report of a Reconnoissance of the Lyon Nitrate Prospect near Queen, New Mexico, Circ. No. 62 

Bureau of Soils, U. 8. Dept. Agr.; Gale, U. S. Geol. Survey, Bull. 523, 1912. 

3 Bulls. Nos. 53, 70, 74, 77. 83, 87, Bureau of Soils, U. S. Dept. of Agr. 

14155°—13 
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available for fertilizer purposes. There is one striking exception 
to this generalization. In the destructive distillation of coal for 
the preparation of gas and coke the nitrogen present in the coal is 
evolved, in part at least, as ammonia. This is easily recoverable 
and in the form of ammonium salts constitutes an important source 
of nitrogen for fertilizer purposes. 

The agronomic necessity which compels the use of nitrogenous fer- 
tiizers and the scarcity of nitrogenous compounds available for 
fertilizer purposes together make the nitrogen carriers of extremely 
great importance. | 

The followmg materials constitute the present source of nitro- 
genous fertilizers: 

Chile saltpeter, or nitrate of soda. 

Artificial nitrates of soda, lime, and a.nmor ia. 

Sulphate of ammonia. 

Fish scrap.* 
Tankage. 
Dried blood. 
Cottonseed meal. 

SODIUM NITRATE. 

Sodium nitrate occurs naturally as an impregnation of earthy and 
saline material, known as caliche, on certain of the arid uplands of 
the Provinces of Tarapaca, Tacna, Antofagasta, and Atacama, in 
Chile. The names ‘Chile niter” and “Chile saltpeter” have been 
given this product because of its occurrence. 

The composition of caliche is given in Table I? 

TaBLE 1.—Analysis of caliche from Tarapacd Province, Chile. 

Constituent. Proportion. Constituent. Proportion. 

Per cent. Per cent. 
Bodiummnitrate: 346226 settee 60.97 || Calcium sulphate....................- 1.33 
Hodium Jodate ~—s.2 5552 5 oe eee .73 || Magnesium sulphate.......-..-......- 5.88 
Sodium chloride.......-..-.-------.-- 16: 85 || dnsoluble:sacssa5s-eb see - -eeoeeeeeecere 4.06 
Sodium sulphate.....-.--. ieiae ence see AGOO |l) Wieateleccteramciets <= <1 eee seer eter 5. 64 

PRODUCTION AND CONSUMPTION OF SODIUM NITRATE. 

Of the sodium nitrate produced by the Chilean beds during the 
year 1911, 2,419,700 tons were exported, 1,827,089 tons to European 

countries ° and 518,613 tons to the United States. In the United 
States 70,000 tons of this were used in agriculture. 

ef the Atlantic Coast.” 

2 Pennock, Losses of Combined Nitrogen. J. Ind, Eng. Chem. 4, 172 (1912), 

3 Exportations to Egypt are included in this amount, 
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In 1910, 535,820 tons of sodium nitrate were imported. The dis- 
tribution of this among the various industries is shown in Table II4 

Taste I1.—Consumption of sodium nitrate by the various industries in the United 
States in the year 1910. 

Use. Proportion. Use. | Proportion. 

| | 
Per cent. | Per cent. 

Manufacture of fertilizer......--.-.----- US| xX plosiviessass ie sae ke sheer Sek aoe 41 
Manufacture of dystufis........------- ORIENT tric aCrdls same te ese cone Soe 9 
Generachemistry. 2)... ...2-2---2.-- LOM PSUlphunicaciGes eas peer e eee eee 6 
CHIPS Shoo 0 NEE Bese RSE Oe aot eee eee eter An MU MaAccouniie ditotsss- 44 s= ss eeseeee eee 5 

| 

In past years the amount of nitrate of soda was so much in excess 
of that of any other nitrogenous ingredient of artificial fertilizers that 
the world has been regarded as being dependent on nitrates for its 
supply of these. The more intensive agriculture of recent years has 
emphasized the demand for nitrates. Their use has increased at such 
a rate that the beds have been threatened with exhaustion. How- 
ever, the demand for nitrogen carriers has served not only to increase 
the output of natural nitrates, but likewise has stimulated the manu- 
facture of other nitrogenous substances suitable for fertilizer manu- 
facture, so that the world’s dependence on Chile is yearly growing less. 
In fact, during the year 1912 there was a marked falling off in the 
nitrate trade, there being an enormous substitution of other nitrogen 
carriers for nitrates. This falling off is said by the producers to be 
due in large measure to high freight rates and to labor difficulties at 
the deposits.’ 

During the last few years the Chilean beds of nitrates have been 
surveyed and figures have been obtained which make possible a 
fairly close estimate of the amount of nitrate remaining there. This 
is in itself immense, but at the recent rate of increase of consumption 
the supply is destined to exhaustion in a few generations. Since 
the report of these estimates, however, it is claimed that there have 

been certain improvements in the methods of extraction which admit 
of a more perfect recovery of the nitrates. 

The surveys of those parts of the United States whose climatic 
conditions are such as to admit of the accumulation of nitrates have 
failed to reveal their presence in workable quantities.’ 

Sodium nitrate in its pure condition is a colorless, crystalline sub- 
stance. The commercial nitrate contains 15.5 per cent of nitrogen.* 

1 Pennock, loc. cit. 

2 Cf. American Fertilizer, 28, 22, (1913). 

3 Cire. No. 62, Bureau of Soils, U. S. Dept. Agr.; Bull. No. 523, U. S. Geol. Surv., 1912. 

4 Voorhees, Commercial Fertilizers, Farmers’ Bulletin No. 44, U. S. Dept. Agr. 



+ BULLETIN 37, U. S. DEPARTMENT OF AGRICULTURE. 

SULPHATE OF AMMONIA. 

Bituminous coal contains 1.2 to 1.34 per cent of combined nitro- 
gen. In the destructive distillation of coal for the production of 
coke 33 per cent of this nitrogen is evolved, as shown in Table III.! 

TaBLeE II1.— Nitrogen from the production of coke. 

Form in which nitrogen is evolved. Amounts. Form in which nitrogen is evolved. | Amounts. 

Per cent. Per cent. 
Remaining in the coke....-..--.---..-- 6887 \/| Tn tar.,. 0:2... Seite 2.9 
Recoverable as ammonia..------------- 20.3 || Recoverable as pyridine..............- =25 
As elementary nitrogen in gas.....--...- 8.1 || Recoverable as cyanide.......--.-..--- 8 

Other volatile substances, carbonaceous in character, are, of course, 
given off, such as gas of high calorific value, coal tar, benzol, etc., 
and constitute the main distillation products. 

In Table IV the nitrogen of a ton of coal and products resulting 
from the distillation of that weight have been calculated to pounds 
of ammonium sulphate.” 

TaBLe 1VY.—WNitrogen per ton of coal and products produced from distillation of a ton 
of coal. 

Ammonium Ammonium 
Constituent. sulphate per Constituent. sulphate per 

ton of coal. ton of coal. 

Pounds. Pounds. 
Coal, 1.3 per cent nitrogen......-...-- 122.6 || Nitrogen in pyridine. ....----..-.---- 0.3 

———$ =| | NU DO Pe Winn Cel Cee eee 4 
Ammon iavyieldie-eeeaeeeeeee eeeeee 25.0 —— 
Nitrogen left in coke.......-.-------- 78.2 Totals mescassach-ceceeseeeee 119.4 
Nitrogen in 10,000 cubic feet of gas-.-.. 1220) || Unaccounted fore sess ss---ee eee eeee 3.2 
Nitrogen in tar (90 pounds per ton)..-- 35 

In the main, coal is distilled in this country in that form of coke 
oven, the beehive oven, which does not admit of the recovery of the 
distillation products. Instead, they are allowed to go to waste. So 
we are indebted to the by-product recovery oven for the main supply 
of ammonium sulphate. The amount recovered is valued at about 
$4,000,000, while the recoverable ammonia annually destroyed in 
the coking processes by the beehive ovens is valued at $22,000,000.* 

in the manufacture of producer gas by the Mond process, where 
the distillation takes place in the presence of steam, 80 pounds of 
ammonium sulphate are obtained per ton of coal. This is four times 
as much as that obtained from an equal weight of coal in the retort 
process. 

1 Pennock, J. Ind. Eng. Chem., 4, 174 (1912). 

Pennock, loc. cit. 

sParsons, Hearst’s Magazine, January, 1913, p. 128. 
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It has been said that since coal will never be distilled for the sake 
alone of the ammonia which its distillation liberates, the increase in 
the output of ammonium sulphate will depend on the increase in coal 
distillation. The inference is that the increase in ammonia produc- 
tion with the increase in the coke industry will be in the same ratio of 
ammonia to coke as exists in the industry to-day. This probably 
will not prove to be the case, owing to the replacement of the old 
form of oven by the by-product recovery type, both in old plants 
and in those undergoing erection. 

At the beginning of 1912 there were 4,624 by-product coke ovens 
im operation in the United States and 698 building. These were 
distributed as shown in Table V. 

TaBLE V.—Number and location of by-product coke ovens in the United States. 

Number Number 
Location. Number of ovens Location. umber of ovens 

*| building. ‘| building. 

MAbAM Awe cite teh eee eed 340 QSOMI RING Wa YOGkns8 Meaeeee lee eres 556 
ATMOS Pee et earch ante 3 480 48 NOE Segre n Py Aa Sees Gein esi 174 0 
reagent: ee ee ci eos ee 540 705) Pennsylvania see see sees sea: 1, 292 300 
Maryland? © =). fs0..= 2s: 200 0 || West Virginia......-- ie cdsisnse 120 0 
Massachusetts............-.-- 400 OW WASCONSIN meee aoe 160 0 
INICIO SASS eee eer 162 0 
MaTinesotal 2. joke ook 50 0 AG US he as pene MU 4,624 1 648 
IN@Wdlersey.. 25 < osc. eee 150 0 

1 Quoted from American Fertilizer, 38, 32 (1913). 

During the year 1912 about 155,000 short tons of ammonium sul- 
phate were produced in the United States. In the same length of 
time the United States imported about 60,000 tons, making a total 
consumption of ammonium sulphate in this country of about 215,000 
tons. 

The annual production for the United States for the last five years 
is given in Table VI. 

TaBLe VI.—Production of ammonium sulphate in the United States, 1908 to 1912. 

Year. Production. Year. Production. 

Tons. Tons 
OB 6 ode Sook SADE See ONE SS A0O a MOI eevee tyler OR ho pe 2 pe eae) 127,000 
WON e sod Ge SEA tel ese PI dare eae aa TOGRSOOM PGT Re Sere sane, orev ere aye etcetera tehererataicis 155, 000 
TQ cists ete Re eel are eo Se 116, 000 

From this table it will be seen that the output for 1912 exceeds 
that for 1911 by 28,000 tons, while the increase for the preceding 
year was only 11,000 tons. It may be observed further that the 
domestic output has almost doubled during the five years. 

The world’s production of ammonium sulphate in 1911 had reached 
the total of 1,187,000 tons. This, on the basis of a nitrogen content 

1 Quoted from American Fertilizer, loc. cit. 
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of 20.5 per cent, is equivalent to 243,335 tons of nitrogen. The 
amount of nitrate of soda, 2,490,121 tons, shipped from Chile that 

year, on the basis of a nitrogen content of 15 per cent, is equivalent 
to 373,500 tons of nitrogen. Of the total amount of nitrogen obtained 
from Chile niter and ammonium sulphate, that from niter is equal to 
60 per cent of the whole and that from ammonium sulphate 40 per 
cent. Since more of the former than of the latter is used for purposes 
other than agricultural, it is probable that the production of nitrogen 
for fertilizer purposes from coal distillation is greater than that from 
the Chile nitrate beds. If this is not true at present, it is expected 
that the increased use of the by-product coke oven shortly will bring 
it to pass. 

The world’s output in ammonium sulphate during 1912 is given by 
countries in Table VII, in which the United States appears third in 
point of output. 

TaBLe VII.—World’s production of ammonium sulphate, 1912. 

- g Produc- Produc- 
Country. rican Country. iste 

Tons. Tons. - 
Germany. ies cect eee eee moe 465,000: || “Boletum i saa ee ere e re seee eee er 49, 500 
Daf) Fea 6 atin pet fer Ne aes ths mi ne 379,000 || Spain, Italy, other countries..........- 170, 000 
United States .o23. fee eee ees 155, 000 —— + 
MPANCER soe coe eee seme ee eee 68, 500 Total ssp se cee tee ete erate 1, 287, 000 

Ammonium sulphate as a stimulator of plant growth compares 
favorably with sodium nitrate. While it is generally believed that 
the nitrate of soda is more immediately available for plant assimila- 
tion than the sulphate of ammonia, the two give practically the same 
results as fertilizers. The sulphate possesses a slight advantage 
in being a somewhat more nitrogenous body than the nitrate, con- 
taining 20 per cent nitrogen against the 15 per cent contained by the 
nitrate. 

The development of the ammonium-sulphate industry is possible 
in two directions: In the displacement of beehive ovens by by- 
product recovery ovens, and in the development of the coking 
industry, with the utilization, of course, of the by-product ovens. 
There is no good reason, should the fertilizer industry demand it, 
why the entire amount of ammonia now thrown away annually 
in the coking industry should not be rendered available. In addi- 
tion to these two particulars in which the production might be in- 
creased mention should be made of other possible sources of ammonia 
which have been suggested, such as the distillation of oil shales, 
peat, garbage, and the sludge obtained in sewage-disposal plants. 

1 Cf. J. Ind. Eng. Chem., 5, 253 (1913). 
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Baskerville,! with reference to oil shales, has shown? that ‘‘the 

principal by-product on retorting (under suitable conditions), 
ammonium sulphate, will often more than bear the expense of 
mining and treatment.’’ This author reports an oil shale from 
Montana which yields 41.5 pounds ammonium sulphate and 6 gallons 
crude oil per short ton. 

In the dry distillation of peat most of its nitrogen is evolved 
uncombined. On the other hand, by the adaptation of the Mond 
process of distillation as much as 110 pounds ammonium sulphate 
per ton of peat may be obtained. 

Recently proposed methods of synthesizing ammonia from 
atmospheric nitrogen are undergoing commercial exploitation and 
give promise of success. — 

% ARTIFICIAL NITRATES. 

The recent rapid development in the manufacture of nitric acid 
by the electrothermal. fixation of atmospheric nitrogen has made 
artificial nitrates commercially important. 

Three well-known processes are employed in the direct oxidation 
of nitrogen to oxide—the Birkeland-Eyde, the Schénherr, and the 
Pauling—the processes differing chiefly in the design of the electric 
furnace and plant installation rather than in the chemical reactions 
involved. 

It is claimed that the Birkeland-Eyde process of manufacture 
yields 500 to 550 kilograms of nitric acid or 850 to 940 kilograms of 
calcium nitrate for every kilowatt-year of electrical energy expended. 
The Norwegian hydro-electric nitrogen companies now are utilizing 
about 200,000 horsepower in the manufacture of nitrates and nitrites. 

The composition of commercial calcium nitrate, manufactured 
by the Birkeland-Eyde process, is given in Table VITI.® 

TaBLE VIII.—Analysis of commercial calcium nitrate. 

Constituent. Proportion. Constituent. Proportion. 

Per cent. Per cent. 
Calcuumloxi deteeemesaa sepa ne sess oes 25. 83 || Magnesium oxide...............--.-.. : 
INGbrO emer ts Pee cask oe ee 12 yA Te ANTM TMO xd Coy se kee ee a ail 
Water.....- CU it oh tet aparece ea 23. 83 || Insoluble (in hydrochloric acid) -...-... Bot 
Warbonidioxide@: see 6-2 2h oe ease Be 

During the year 1910, 13,531 tons calcium nitrate were exported 

from Norway. This is in addition to 2,000 tons calcium nitrate 
which, it is estimated, is the domestic consumption for fertilizer 
purposes. In the same year, 3,200 tons sodium nitrite and 1,074 

1 American Oil Shales, J. Ind. Eng.Chem., 5, 73 (1913). 

2 Proc. Seventh Internat. Cong. Appl. Chem., 1910, Sec. IV; J. Ind. Eng. Chem., 1, No. 8 (1909). 

3 Manufacture of Nitrates from Air, Scott, J. Roy. Soc. Arts, 60, 645 (1912). 
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tons sodium nitrate were exported. The total production of nitrates, 
calculated to a basis of calcium nitrate, is equivalent to about 22,000 
tons. During the year 1911, 2,302 tons calcium nitrate were imported 
into the United States.’ 

CALCIUM CYANAMIDE. 

Calcium cyanamide is perhaps the most nitrogenous material manu- 
factured for fertilizer purposes. It is prepared from calcium carbide 
and free nitrogen, the latter being prepared from the atmosphere by 
the removal of oxygen. The reaction between the two substances 
may be represented by the following equation: 

CaC,+N, = CaCN,+C 

Calcium carbide Calcium cyanamide 

The product is a gray powder. In addition to nitrogen it contains 
a high percentage of calcium and some finely divided carbon. In the 

soil it reacts with water to produce urea and lime, the former being 
acted upon further to form ammonia. 

TaBLE 1X.—/Jnstallations for manufacture of calcium cyanamide by the Frank and Caro 
process. 

‘ : Output per 
Name of company. Place of installation. eared. 

Tons. 
Nitrogen Fertilisers Co. (North-Western Cyanamide Co.)...-..]| Odda, Norway............-- 15, 000 

1 DY Garena: Hare © oy ey OU, ea ere BA MS So eos Alby, S Ween. s5-ot eee. sae 15, 000 
Societa Italiana de Prodotti Azotate.....................--.--- Piano d’ ey Italy. - ts 4,000 
Societa Italiana per il Carburo de Calcio...............-------- ern) Ttaly-.seo% pp tmcke see 15,000 
Societ& Piemontese per il Carburo de Calcio. ...........---.---- an Marcel Malye tte scee ce 3,000 
Société Francaise pour les Produits Azotes...............----- Brora eat Switzerland...... 7,500 

DOS Se ae eR eee oe ce cee eb  e eae as See eee Notre Dame de Briancon 7,500 
Bayerische Stickstom Wienke sao 22286 2-8 eeosee- ae ee ee Trostberg, Bavaria.......... 15,000 
Ost-Deutscher Stickstoffcale und Chemische Werke. -.-.-....--- Bromberg, Prussia.......... 2,500 
AG Siickstofiduneer a=. 6-28 sac epee eer aa cae Knapsack, Germany......-- 18, 000 
Societa per 1’Utilizzazione della Forze Idrauliche della Dal- | Selenico, Dalmatia.......... 4,000 

mazia. | 
DOs 2380 Wha Sek eee ene hot ee eens. Sone meerees Dugirat, near Almissa..--.... 80, 000 

Japanese Nitrogen Products Colts. -- eee eee Kinzei, near Osaka.........- 4,000 
American’ @yanamide Cot. i. 853 re tee ee aes oc me Nashville, Tenn eeeT eee! 4,000 

DOs oes ese coe Ree Se eee See ee EEE = Se cere ee Niagara TS soee sateen oe eaeee | 12,000 

The composition of commercial calcium cyanamide is given in 
Table X/? 

Taste X.—The composition of commercial calcium cyanamide. 

Constituent. Proportion. Constituent. Proportion. 

: Per cent. ‘ Per cent. 
Calcium cyanamide (CaCNg)........-- 45 || Tron and aluminium oxides.......-..-. 2 
Calcium carbonate (CaCO3).........-- 4°|| Silica (SiO). 2) ee eee eee 2 
Calcium hydroxide (Ca(OH)s)........- 27 || Combined waterieus eectassees eee. ee ay 
Calcium sulphate (CaSO,)............. 1 |) Bree.moisture.> = -eeeee eee ae noe 1 
Carboni(free) 2755. 3-et tess... oot See 14 || 

| 

1 Morton, “‘ Utilization of Atmospheric Nitrogen,’’ Bull. Dept. Commerce and Labor, Special Agent 
Series No. 52. 

2 Pranke, J. Ind. Eng. Chem., 5, 159 (1913). 
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Concerning the future of the cyanamide industry, Mr, E. J. Pranke, 
under date of November 15, 1912, says: 

The cyanamid industry is undoubtedly only in its infancy. At present there are 

four factories in Germany, four in Italy, two in France, and one each in Austria, Nor- 

way, Sweden, Switzerland, Japan, and America. The American Cyanamid Co. 

built its first plant at Niagara Falls, Ontario, in 1909, beginning commercial manu- 
facturing January 18, 1910. Additions to the plant, which will be completed in March, 

1913, will give a capacity of 25,000 tons per annum, and by the end of the year the 

full productive capacity of the company, including the extension now under way, 

should be 50,000 tons per annum. 

TANKAGE AND DRIED BLOOD. 

Tankage is a product from the abattoirs, consisting of the waste 
materials, such as bones, horns, hoofs, hair, the trimmings of hides, 
and some blood. After treatment for the recovery of glue the mass 
is dried and ground and then sold for fertilizer purposes. As the 
proportions in which these ingredients enter vary, the composition 
of tankage varies widely. Its nitrogen content is said to vary between 
the values of 5 and 8 per cent, and its phosphoric-acid content between 
the values of 5 and 12 per cent. Some of the nitrogen of tankage is 
regarded as unavailable, by which is meant that it is present as a 
part of nitrogenous matter which is more resistant to the agencies 
of decay and therefore is only slowly available. The composition 
of tankage and also the variation in its composition are shown in 
Table XI, being analyses of three samples from a single abattoir.’ 

TABLE XI.—Analyses of three samples of tankage from a single abattoir. 

P First Second | Third 
HS in, year. year. year. 

: Per cent. | Per cent. | Per cent. 
NMOS CULM Obras erry ei ae late fare clei etaraione else eye la mee cists ym ol SECS ercinevalcie Sieinycie moj efai 10.5 9.8 10.9 
INIGTOFE ETE 6 = 3 oes Beha REA ER ET eee eS es SG aon Saul 7.6 6.4 
HOSP HOnICRACIdes en een ee ese jen Tete cea aE 2 LEU NTE Se ea Maas 12.2 10.6 11.7 

Dried blood is perhaps the richest in nitrogen of all the organic 
materials used in the fertilizer industry. Unadulterated blood when 
quite dry contains 14 per cent of nitrogen, but as obtained on the 
market its content of that element varies from 9 to 13 per cent. 
_ For a statement of the present output of these materials we are 
indebted to Mr. F. S. Lodge, who has compiled certain data for use 
in this paper. In his estimates he makes the assumption, based on 
observation, that each beef animal in good practice yields 12 pounds 
of dry tankage and 7 pounds of dried blood; each calf, 2.4 pounds 
tankage and 0.75 pound blood; each hog, 4.8 pounds tankage and 
1.2 pounds blood; and each sheep, 1.2 pounds tankage and 0.5 

1J, Ind. Eng. Chem., 5, 159 (1913). 
2Snyder, Soils and Fertilizers (1908), p. 149. 
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pound dried blood. These figures do not include bone or concen- 
trated tankage from tank water. 
From the figures estimated by the Bureau of Animal Industry as 

representing the total slaughter of cattle, calves, swine, and sheep 
in the United States, in 1912, it has been calculated that if all the 
materials rendered available by this slaughter had been saved and 
converted into tankage and dried blood they would have produced 
222,535 tons of tankage and 79,794 tons of dried blood. 

The present supply of tankage and dried blood depends largely 
on the output of the large packing houses, as the waste from the 
smaller ones is not so available for use as fertilizer. An increase in 
the output of these materials depends on the growth in size and 
number of the large abattoirs and the more complete utilization of 
the waste from the smaller slaughterhouses. The chances for any 
considerable development in the former manner are considered rather 
remote, owing to the settling of lands formerly devoted to the grazing 
of cattle. With regard to the latter manner of increase speculation 
perhaps isidle. AJ] things considered, it may be said that the chances 
for any large immediate increase in the supply of tankage and dried 
blood appear rather poor. 

In this connection it should be pointed out that in Denmark country 
killing is being practiced on a cooperative basis in small community 
abattoirs, with the careful preservation of all the blood and much of 
the tankage. The introduction of this system among American aeri- 
culturists undoubtedly would result in the increased output of both 
blood and tankage and should render available for fertilizer and feed- 
ing purposes the greater proportion of the 75 per cent of these prod- 
ucts created in country killing and now permitted to go to waste. 

TaBLe XII.—Estimated slaughter of cattle, swine, and sheep during the fiscal year of 1912. 

[Estimate by Bureau of Animal Industry.] 

Slaughter. Cattle. Calves. Swine. creep aud 

Wholesaler: sco. Uses Ye yee) se al Rene ERED. us 7,500,000} 2,300,000 | 43,000,000 | 12,500, 000 
Retail andsfarnts.° 4). 6. Leek. TOMER e “| 52000,000 | 3;700; 000 | 23/000;000 | 2? 500; 000 

Total:. sete 10 ole. erent Bee), eae ey 6, 000, 000 | 66,000,000 | 15,000, 000 

In deriving the estimate of yield of tankage and blood from the 
slaughter represented by the above figures it was assumed that all 
the tankage and blood were saved from the animals killed by whole- 
sale and 25 per cent of that from the retail and country killed. It is 
believed that the former estimate is too great and that not all of the 
tankage and blood obtainable from the wholesale slaughter is saved, 
though the greater proportion of this surely issaved. For the amount 



NITROGENOUS FERTILIZERS. ial 

saved from the country-killed animals Mr. Lodge’s estimate of 25 
per cent is accepted. 

The figures obtained from Mr. Lodge were derived from the census 
figures for the slaughter m 1909 and the ratio of animals on the 
market in 1909 to those in 1912. This gave a number representing 
the slaughter of 1912. The actual kill during 1912 at the 11 big 
stock markets of the country, viz, Chicago, Kansas City, Omaha, 
St. Louis, St. Joseph, Sioux City, St. Paul, Indianapolis, Milwaukee, 
Oklahoma City, and Pittsburgh, is known definitely. The resulting 
figures are given in Table XIII. 

TasLe XIII1.—Number of cattle, swine, and sheep slaughtered during the calendar year 
IDB 

{Estimate by Mr. F.S. Lodge.] 

Slaughter. Cattle. Calves. Swine. pace aud 

Total in 11 principal markets (determined)..........-. 5,259,881 | 1,005,290 | 18,518,872 | 10,793, 692 
etaivanaeaninmse seas: s-seb eee eee S shen Ce a 2, 043, 493 1, 248, 966 | 18, 738, 803 6, 364, 013 

oor al(estimeted) 4 t-te ues oe 7,303,374 | 2,254,256 | 37,257,677 | 17,157, 705 

Knowing the waste attending the slaughter of the food animals in 
other than the thoroughly organized abattoirs, it is believed that the 
figures for tankage and blood produced at the 11 principal markets 
represent pretty closely the total production in these, and that, 
accordingly, the estimates of Mr. Lodge more closely approximate 
the actual production of tankage and blood than do the estimates 
from the figures furnished by the Bureau of Animal Industry. 

t / 
RESUME. 

In the appended table is given the consumption in the United States 
of the various nitrogenous substances employed in mixed fertilizers. 
From the percentage of their nitrogen content is calculated the amount 
of nitrogen yielded by them. These values are given in the third 
column of figures. A true basis of comparison is thus obtained, and 
the relative importance of the different nitrogenous ingredients of 
commercial fertilizers may be seen. 

The figures for ammonium sulphate may be large, as they are made 
up of the total production of the United States, 155,000 tons, plus 
the total importation, 60,000 tons, without regard to the proportion 
of this substance used for other purposes than for fertilizer. The 

figure for sodium nitrate is obtained by taking 13 per cent, the pro- 
portion which enters fertilizers, of the total annual importation, 
535,820 tons. This may be somewhat low, as 5 per cent of the impor- 
tation is unaccounted for, a part of which may be used in the fertilizer 
industry. 
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Two sets of figures are given for tankage and blood. They are 
based on the respective estimates of the slaughter in the United States 
by the Bureau of Animal Industry and Mr. F.S. Lodge. The Bureau 
of Animal Industry derived their estimate of the slaughter partly 
from the number of animals killed under Government inspection, 
which they regard as 60 per cent of the total wholesale slaughter. 
Their estimate is given in detail in Table XII. 

An error may have been introduced in the figures for nitrogen 
yielded by tankage and blood by taking the wrong value to represent 
the percentage composition of these in nitrogen. Their composition 
is quite variable; a figure was taken which, it was believed, justly 
represented their average content in nitrogen. 

TaBLeE XIV.—Sources of nitrogen used i mixed fertilizers of the United States. 

Aaa ~ 
os used in itrogen | Nitrogen 

MESES United | content. | yielded. 
States. 

Tons. Per cent. Tons. 
Aemmioninnt sulphates 2.2.22 seas ane ee eee one eee 215, 000 19.75 42, 463 
Sodium nitrate (Chilean).......... oes 15.5 10, 850 
Calcium nitrate (artificial) peed reas, 11571 ene 
Calcium cyanamid.......-.....-. : Ese 18.0 2, 028 
Cottonseed meal. -..-.. eee Vise - CE BeBe a ae aee 

Tartan rien ca ttact Eee See eae aaa 6.5 B56 
Fish scrap. - ‘B SS aes = f SAetrr = AaRE BA PE SIS OE SS IID Sy 57 73 9.0 6,300 

. fBureau o ima MSU 2 feo okt se ceeetaaeseee 4 6,322 
Driet Ue y adoe.. i Mt fic habe ale ae 37,710 \ 11.0 { 4) 148 

ee COPIES ofthis publication 
may be procured from the SUPERINTEND- 

ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C., at 5 cents per copy 

WASHINGTON : GOVERNMENT PRINTING OFFICH : 1918 



BULLETIN OF THE 

USDEDARTENT OF AGRCULTIRE 
No. 38 

BES 

Contribution from the Bureau o° Plant Industry, Wm. A. Taylor, Chief. 

November 19, 1913. 

SEED SELECTION OF EGYPTIAN COTTON. 

By Tuomas H. KEARNEY, 

Physiologist, Alkali and Drought Resistant Plant Investigations. 

IMPORTANCE OF KEEPING THE STOCK PURE. 

While questions of picking, ginning, and marketing are doubtless 
uppermost in the minds of most growers of Egyptian cotton in the 

Salt River Valley, they should not lose sight of the fact that the 
industry can not be permanently profitable unless a supply of pure 
seed 1s maintained. Cotton, like corn, is open fertilized, and the 
pollen is readily carried from one plant to another by bees and other 
insects. Unless due precautions are taken to prevent crossing, the 
varieties soon become mixed and deterioration is rapid. Moreover, 

the most carefully selected stock, even when completely isolated from 
other cotton, produces occasional “ off-type” plants which are in- 
ferior to the average in productiveness and in the quality of the lint. 
Such plants, unless removed, will soon contaminate the entire stock 
and rapid deterioration will follow. Measures to prevent this are 
indispensable if the industry is to be maintained. The highest ob- 
tainable price for Egyptian cotton depends upon its uniformity in 
length, strength, and other qualities. Uniform land, proper irriga- 
tion, and good ginning all contribute to make the product uniform, 
but these are of little avail if the seed is allowed to run out or to 
become mixed. 

Deterioration of the stock is inevitable if more than one type of 
cotton is grown in a community. This will come about not only by 
the crossing of the plants in the fields but by mixing the seed in 
ginning and handling. The experience of older cotton-growing com- 
munities has proved this time and again. 

The Department of Agriculture, after much consideration of what 
type of cotton would be likely in the long run to give the most profit- 
able returns in the Salt River Valley, distributed among the farmers 
seed of a carefully selected, uniform variety of Egyptian cotton 
which has been developed as a result of 10 years of plant-breeding 
work in Arizona. This variety has been thoroughly tested, both in 

12953°—13 
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the field and in the factory. It yields heavily and produces fiber 
which manufacturers of long-staple cottons have found to be very 
satisfactory in spinning quality. The experience of those who 
planted this cotton last year indicates that it can be profitably grown 
in the Salt River Valley. 

There is at present no evidence that any other cotton will be more 
profitable in this district. If in the future, evidence should be forth- 
coming that a change to some other type would be advantageous, the 

change should be made at once and by the community as a whole. 
Meantime the introduction of other sorts by individual growers 
should be discouraged, as it would surely spell disaster to a promising 
industry. 

THE EGYPTIAN TYPE OF COTTON. 

Egyptian cotton is a distinct type which bears a resemblance to the 
American Sea Island, yet it is quite different from the latter. Its 
origin is obscure, although it is generally believed to be partly of 
Sea Island ancestry. The fiber of Egyptian cotton is especially used 
in manufacturing goods in which great strength is required, such as 
sewing thread, automobile-tire fabrics, the better quality of hosiery, 

etc.; also the finer grades of cotton cloth, for the production of which 
long and fine fiber is demanded. 

The history of cotton growing in Egypt has been marked by the 
appearance of one variety after another. Each of these gave very 
satisfactory results at first, but soon “ ran out,” owing to the failure 
of the growers to keep their seed pure. About 30 years ago the Mit 
Afifi variety came into prominence, and in 1912 this variety still con- 
stituted 25 per cent of the entire crop of the country. Its lint is of 
medium length (14 to 12 inches) and is distinguished by its deep buff 
color. The Mit Afifi variety is often referred to by the trade name, 
“ Brown Egyptian.” In the last 10 years it has deteriorated rapidly 
and no longer holds its former high place in the estimation of cotton 
spinners. More recently, longer linted varieties, of which Janno- 
vitch, Nubari, and Sakellaridis are the most important, have been 
successively developed. Of these, Jannovitch and Nubari have 
already begun to run out. Sakellaridis, on the other hand, is of 
such recent origin that there has been less opportunity for mixing 
and deterioration. 

Each of these varieties apparently originated suddenly with a 
single very distinct plant growing in a field of some older variety. 
The origin of a variety in this manner is termed by plant breeders 
“ mutation,” or “sporting,” and the new type thus developed is 

usually so different from the parent variety that no relationship 
would be suspected if the origin were not known. Mutations are 
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usually strongly prepotent; that is to say, they produce very uniform 
progeny. 

The origin of new varieties by mutation must not be confused 
with the improvement of an existing variety by selection. The so- 
called Assil cotton, which is attracting much attention in Egypt, is 
apparently an example of the latter process, having been developed 
by simply selecting the plants of Mit Afifi having the most abundant 
lint. In all essential characters Assil is still Mit Afifi, although 
constituting a superior strain of that variety. On the other hand, 
Jannovitch, Nubari, and Sakellaridis are totally distinct varieties, 
easily distinguishable by the characters of the plants and the fiber. 

Until quite lately very little was done in Egypt to keep the different 
varieties from intercrossing. In addition to the presence of a half 
dozen commercial varieties, the country is full of an inferior type 
known as weed cotton, or “ Hindi,” producing scanty, weak, short 
fiber, which is white, like American Upland, rather than buff or 
cream colored, as in most Egyptian varieties. The Hindi plants, 
unless removed from the fields before they begin to blossom, readily 
eross with the Egyptian, and the result is a multitude of worthless 
and often nearly sterile hybrids. 

The recently established Egyptian department of agriculture is 
striving to induce the growers to practice seed selection on their 

farms, but thus far the only remedy for the bad effects of all this 
mixing has been to sort the cotton by hand, picking out the masses 
of white Hindi fiber. This practice is rendered economically possible 
only by the cheapness of labor in Egypt. 

PLANT-BREEDING WORK IN ARIZONA. 

Twelve years ago the United States Department of Agriculture 
imported seed of the principal Hgyptian varieties of cotton and began 
testing them in Arizona. The Mit Afifi having given better results 
than any other variety then at hand, the work was continued with 
this type alone. By dint of selection for five or six years some prog- 
ress was made in increasing the yield and earliness of the plants and 
the abundance, length, and strength of the fiber. Yet until 1908 the 

results were not very encouraging. In that year the appearance 
of a superior type, very distinct from Mit Afifi in all of its charac- 
ters, offered a promising basis for the establishment of Egyptian 
eotton in Arizona. 

This new type, distinguished from Mit Afifi by its relatively large 
bolls and long, cream-colored fiber, is the Yuma variety, which is 
now being grown in the Salt River Valley. It resembles the Nubari 
variety, which appeared in Egypt at about the same time, in the 
shape of the leaves, bracts, and bolls, but is superior in the staple and 
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quality of the fiber, which more nearly resembles that of the Egyp- 
tian Jannovitch. Other promising types have since been developed 
in Arizona by the Department of Agriculture and are being tested in 
comparison with the Yuma variety. 

The methods used in this plant-breeding work are simple. In the 
first planting of imported seed every individual plant was examined. 
The productiveness, earliness, habit of growth, and size of the bolls 
were noted, and the lint was combed out on the seed, measured, and 
pulled to test its strength. The best individuals were then selected 
and the seed from each was saved separately. In the following year 
the seed from each selection was planted in a “ progeny row,” the 
rows being side by side and of equal length. It now became possible 
to compare the different selections on the basis of the uniformity and 
desirability of their progeny and to discard rows in which the plants 
showed much variation or were for the most part inferior. All 
plants in the superior rows were then compared, the best individuals 
were selected, and their seed was planted in progeny rows the follow- 
ing spring. 

This procedure has been repeated each year. When a strikingly 
superior progeny row, such as that from which the Yuma variety 
originated, is discovered, an isolated field is planted with the seed 
and the inferior and off-type plants are rogued out before they come 
into blossom. By repeating this process of roguing several years in 
succession a high degree of uniformity is attained. 

HOW THE FARMER MAY KEEP HIS SEED PURE. 

Thus far we have been discussing the work of the plant breeder in 
producing new strains and varieties. No less important, however, 
is the maintenance of a variety after it has been developed, and here 
the cooperation of the grower is necessary. Take, for example, the 
Yuma variety, which is now being grown in the Salt River Valley. 
The grower should become thoroughly acquainted with the appear- 
ance of the plants, so that he may learn to recognize the characters of 

the leaves, bracts, and bolls which belong to typical Yuma cotton. 
This can scarcely be done by reading a printed description, but when 
the characters have been pointed out by a person who is familiar with 
them they are not likely to be forgotten. With this knowledge well 
in mind, the farmer should then go over the field from which he 

expects to save seed for next year’s planting and should rogue out 
every plant which strikes him as not typical. The work had better be 
done before the plants begin to blossom, so as to avoid contamina- 
tion of the good plants with pollen from the bad ones. A second 
roguing when the bolls begin to set is also advisable in order to re- 
move any untypical plants that may have been overlooked the first 
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time, as well as the plants which appear less productive than the aver- 
age. If this procedure is generally followed, especially by those 
who expect to sell seed for planting, it is probable that the stock 
can be grown for many years without deterioration. Its length of 
life will depend chiefly upon the skill and thoroughness with which 
the roguing is done. Roguing the fields will be found advantageous, 
even if none of the seed is to be used for future planting, for a much 

more uniform crop of fiber can be obtained if the undesirable plants 

are removed. 
In addition to removing the very inferior plants from his fields, 

every cotton grower should seek to improve his seed by the selection of 
the best plants. He should go over the field when the bolls begin to 
open and mark those plants which are most fruitful and have the 
largest bolls and the longest, strongest, and most abundant fiber. The 
seed cotton from these plants should be gathered before each general 
picking and ginned with every precaution to prevent contamination. 
The seed thus obtained should be planted in a special plat for in- 
crease, and in this way a large supply of extra good seed will be 
available for general field planting the second year after the selec- 
tions are made. By systematically following this method of “ bulk 
selection ” the grower can greatly improve both the quantity and the 
quality of his product. 

WHAT THE GROWERS’ ASSOCIATIONS SHOULD UNDERTAKE. 

While every farmer should do his best to keep his seed pure, it is 
not likely that all will have the time or the training requisite to do 
this thoroughly. Consequently, the stock is hkely to fall off gradu- 
ally unless special provision is made by the community for a supply 
of pure seed. The associations should pick out a few of the best 
growers who have uniform land and are sufficiently skillful in man- 
aging irrigation and cultivation to keep the plants in an even condi- 
tion of growth throughout the field. Trained persons who know how 
to recognize at a glance the off-type and inferior plants should be 
employed to visit these fields frequently and to aid the grower in 
roguing them thoroughly at the right time. The associations should 
purchase the seed from these fields ut a price commensurate with the 
extra work involved for sale to their members at a price to be deter- 

mined by the cost of the purchase and handling and the pay of the 
experts employed to secure proper roguing. Thus, a constant supply 
of the purest possible seed would be available in the valley to replace 
the gradually deteriorating seed of the majority of growers. 

Experience has shown that one of the chief causes of the deteriora- 
tion of cotton varieties is mixing at the gins. No amount of selection 
and roguing in the field will insure pure seed unless every precaution 
is taken to prevent subsequent mixing. The associations should there- 
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fore see to it that either certain gins are set aside solely for ginning. 
the cotton from the rogued fields or else that the gins are thoroughly 
cleaned before this special seed cotton is run through. All sacks, 
bins, wagons, etc., used in handling and storing the select seed, both 
before and after ginning, should be carefully inspected in order to 
make sure that no other seed or seed cotton is present. Finally, the 
greatest care should be taken to mark the sacks or bins containing the 
selected seed, so that mixing can not take place. The packages in 
which this seed is sent out to growers should be so marked that there 
can be no uncertainty about the seed which they contain. 

WHAT THE DEPARTMENT OF AGRICULTURE CAN DO. 

The Department of Agriculture can cooperate with the associa- 
tions of growers by instructing the persons who may be selected to 
supervise the roguing in regard to the type which is to be preserved. 
The department recognizes that in the present state of the industry 

the growers can not be expected to possess such knowledge, but it is 
expected that many of them will endeavor to familiarize themselves 
with the points involved, so that the associations will soon be able to 
carry the work along on their own initiative. 

At the cooperative experimental garden at Sacaton plant-breeding 
work will be continued, with a view to developing still better varie- 
ties of Egyptian cotton. 

Other sorts of cotton which may be suggested as likely to be more 
profitable will be tested in comparison with the variety now grown, 

under such conditions as to preclude any danger of contaminating seed 
which is intended for distribution to farmers. If this work should 
result in demonstrating that it will be advantageous for the growers 
to replace the present stock with some other, steps will be taken 
to supply them, through the associations, with sufficient seed to 
enable the entire community to make the change at one time. In 
short, ne effort will be spared to aid the Salt River Valley in gaining 
a reputation for the excellence of its long-staple cotton. 

SUMMARY. 

Egyptian cotton is a special type, related to Sea Island, but very 
distinct. The fiber is especially used in the manufacture of fine 

cloths and of goods in which strength and durability are essential, 
such as sewing thread, hosiery, automobile-tire fabrics, ete. 
Numerous varieties have been successively developed in Egypt. 

Zach of these has apparently originated as a mutation, or “ sport,” 
quite different from the parent stock and producing a very uni- 
form progeny. The varieties rapidly deteriorate in Egypt, however, 

as a result of crossing with one another and with the Hindi, or 
weed cotton, which is present in all parts of the country. 
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The Yuma variety, which is now being grown in the Salt River 
Valley, originated in the course of plant-breeding work by the United 
States Department of Agriculture. It appeared suddenly among 
selections of the Mit Afifi variety, but is totally distinct from that 
variety in all of its characters and has shown from the first a strong 
tendency to produce uniform progeny. It is therefore to be regarded 
as a mutation. 

Only one variety of cotton should be grown in a community. 
Otherwise, there is sure to be crossing of the plants in the fields and 
mixing of the seed at the gins. The result will be lack of uniformity 
in the fiber produced and it will be found impossible to obtain the 
high prices which manufacturers of fine cottons are willing to pay 
for a uniform product. 

All cotton varieties, even when grown from carefully selected seed 
and planted where crossing with other varieties is impossible, pro- 
duce a certain number of off-type and inferior plants, which can be 
recognized by the characters of their branches, leaves, and bracts. 
Such plants should be carefully rogued out in order to obtain pure 
seed for planting and thus maintain the uniformity of the stock. 
Roguing should be done before the blossoms appear, in order to 
prevent the crossing of the inferior plants with the good ones. 

The grower should select each year a few of the best plants in his 
field, saving the seed from them separately and planting it in a spe- 
cial plat for increase. Farmers who systematically follow this plan 

will soon gain a reputation for the production of superior cotton. 
The associations of cotton growers in the Salt River Valley should 

arrange each season with some of the best farmers who have uniform 

land to have their fields rogued, in order that a supply of pure seed 
shall be available for next year’s planting. Great care should be 

taken to have this superior seed ginned and stored under such con- 
ditions as to prevent its getting mixed with other seed. 

LITERATURE WHICH MAY BE CONSULTED. 

Kmagney, IT. H., and Pretrrson, W. A. Egyptian cotton in the Southwestern 

United States. U. S. Department of Agriculture, Bureau of Plant Industry, 

Bulletin 128, 1908. 

Gives an account of the crop in Hgypt, of the special uses of this type of cotton, 

and of the beginning of the plant-breeding work in the United States. 

Kearney, T. H., and Peterson, W. A. Experiments with Egyptian cotton in 

1908. U.S. Department of Agriculture, Bureau of Plant Industry, Circular 

29, 1909. 

A report of progress in the plant-breeding work. 

Cook, O. F., McLacutian, A., and Mrapr, R. M. A study of diversity in Egyp- 

tian cotton. U. S. Department of Agriculture, Bureau of Plant Industry, 

Bulletin 156, 1909. 

Describes the different kinds of abnormal plants occurring in fields of Egyptian 

cotton which became mixed through crossing with other types. 
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Kearney, T. H. Breeding new types of Egyptian cotton. U. 8. Department of 

Agriculture, Bureau of Plant Industry, Bulletin 200, 1910. 

Describes in detail the Yuma variety and other types developed and the methods 

used in the breeding work. 

Coox, O. F. Cotton selection on the farm by the characters of the stalks, leaves, 

and bolls. U. S. Department of Agriculture, Bureau of Plant Industry, 

Circular 66, 1910. 

Points out methods by which growers may maintain the purity of their seed. 

Coox, O. F. Hindi cotton in Egypt. U. S. Department of Agriculture, Bureau 

of Plant Industry, Bulletin 210, 1911. , 

Discusses the contamination in Hgyptian fields due to the presence of ‘“ weed 

cotton,’ and conveys a warning to American growers of the necessity of safeguarding 

the purity of their stocks. 

McLacuian, A. The branching habits of Egyptian cotton. U. S. Department 

of Agriculture, Bureau of Plant Industry, Bulletin 249, 1912. 

Describes the character of the branches in this type of cotton and points out the 

relation of these characters to product‘veness. 

Kearney, T. H. Fiber from different pickings of Wgyptian cotton. U. S. De- 

partment of Agriculture, Bureau of Plant Industry, Circular 110, p. 37-39, 

19138. 

Shows that the fiber may differ considerably in the different pickings and that 

this should be taken into account in grading. Suggests that seed from the earliest 

and the latest picking may not be desirable for planting. 

Coox, O. F. Heredity and cotton breeding. U. S. Department of Agriculture, 

Bureau of Plant Industry, Bulletin 256, 1913. 

Shows how characters are coordinated and the application of this fact in cotton 

breeding. 
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EXPERIMENTS WITH WHEAT, OATS, AND BARLEY 
IN SOUTH DAKOTA.’ 

By MANLEY CHAMPLIN, 
Collaborator and Scientific Assistant, Office of Cereal Investigations, and Assist- 

ant Agronomist, South Dakota Agricultural Experiment Station. 

IMPORTANCE OF THE CEREALS. 

The common grain crops, wheat, oats, and barley, have been one 
of the chief sources of wealth in South Dakota for a number of years. 
In 1903, the first year of the period discussed in this bulletin, 3,424,- 
000 acres of wheat were grown in the State, with an average yield of 
13.8 bushels to the acre, or a total vield of 47,253,000 bushels. Since 

that year the acreage has remained about the same, and the yield has 

approximated 13 bushels to the acre in normal seasons. There have 

been two poor crop years, 1904, when there was a serious epidemic of 
rust, and 1911, when drought reduced the crop. The average annual 
yield of wheat in the State during the 10-year period from 1903 to 
1912, inclusive, was 12.01 bushels to the acre. 

The area devoted to the oat crop has increased from 706,000 acres 
in 1903 to 1,540,000 in 1912, or has more than doubled in the 10 years. 
The total yield likewise has almost doubled, being 52,052,000 bushels 

in 1912, as compared with 27,267,000 bushels in 1903. The average 
yield to the acre for the State during the 10-year period has been 26.3 
bushels. Barley has also more than doubled in importance. The 
total yield of this crop has increased from 10,656,000 bushels in 1903 
to 23,062,000 bushels in 1912, the average acre yield for the period 
being 23.8 bushels. 

It is apparent from these figures that wheat still ranks first in im- 
portance, with oats second and barley third, but that there is an 
increasing tendency toward greater diversification and the increasing 
of the acreage of other crops than wheat. 

1 Cooperative experiments with cereals have been conducted by the South Dakota Agri- 

cultural Experiment Station and the Office of Cereal Investigations of this bureau for the 

past 10 years. Sufficient data have been accumulated to warrant the recommendation of 

certain varieties of wheat, oats, and barley as the most profitable ones to grow in South 

Dakota and adjacent portions of the near-by States. These data, with descriptions of 

the recommended varieties, are presented in this bulletin—WM. A. Taylor, Chief of 

Bureau. 

13129°—Bull. 39—14——1 
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NEED FOR IMPROVEMENT. 

While the showing made by the above totals is impressive, it does 

not imply that there is no further opportunity for improvement. The 
acre yields have not increased during the period, but have remained 
about the same, fluctuating according to the quantity and distribution 
of the rainfall. As there is relatively little new land available that 
is adapted to the profitable production of these crops, future increase 
in production must come largely through increased yields per acre. 
The present average yields, 12 bushels for wheat, 26.3 bushels for 
oats, and 23.8 bushels for barley, are not enough. Production must 

be increased to keep pace with the constant increase of population. 
Whether or not production is increased will depend partly upon the 

improvement of economic conditions. There is now far too much 
land farmed by short-term renters who care little about crop or soil 
improvement. It rests largely with the landowners whether or’ not 
the yields per acre are to be increased. 

The requirements for crop improvement are essentially the fol- 
lowing: 

(1) Better varieties. (4) Better soil treatment. 

(2) Better seed. (5) Better tillage and cultivation. 

(3) Better rotations. (6) Better economic conditions. 

It is the purpose of this paper to discuss the first two essentials, 
better varieties and better seed, and to present the results of investi- 
gations pertaining thereto. 

CLIMATIC CONDITIONS. 

The data which follow and the rainfall map * (fig. 1) will aid in the 
proper interpretation of the results here reported. It will be noted 
that one of the stations, Brookings, is located in the subhumid belt 
where the rainfall averages from 20 to 25 inches, while Eureka, 
Highmore, and Cottonwood, the other three stations from which re- 
sults are reported, are all located in the semiarid belt where the aver- 
age rainfall is from 15 to 20 inches. This quantity of rainfall would 
be sufficient to produce a cereal crop every year with good farming . 
methods if it was not for the frequently recurring hot winds which 
blow from the south and southwest during the summer months. At 
such times evaporation and transpiration are excessive, so that the 
common cereals are severely damaged and sometimes destroyed. 

Under these conditions marked differences appear in the ability of 
varieties to utilize what little moisture there may be in the soil. A 
great deal also depends upon the stage of growth of the crop at the 
time these severe conditions occur, the flowering period being the 
time when it is most subject to injury. It is for this reason that so 

much confusion exists regarding the desirability of early or late 

1The data and map are from U. S. Department of Agriculture, Weather Bureau, 

Climatological Service, South Dakota section, Annual Summary, 1911. 1912, 
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maturing varieties as well as early or late seeding. The whole ques- 
tion depends upon the time of occurrence of the hot wind or the high 
evaporation. Thus, some seasons are favorable to early-maturing and 
some to late-maturing kinds. A 10-year average shows little differ- 
ence between the yields of good early and good late varieties. The 
hot winds have sometimes occurred during the last week in J une, 1n- 
juring early varieties, while in other seasons they have occurred dur- 
ing the last half of July, thus injuring the late varieties. Only once 
during the 10-year period (in 1911) have they been so serious as to 
totally destroy the cereal crops at the western substations. 

ee 
Bee USTER—— = ——— 

yee ETTE : Eo = WASHINGTON was HABAUGH] = ee 

FALL_RIVER —= ———— FT RIP 
pee ee SS See SSS SSS 8888 Ss es eee : 

20” Zl 7 

J 25 st, 
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Wie. 1.—Map of South Dakota, showing the average annual precipitation in inches and 
the location of the agricultural experiment station and substations. 

The monthly, seasonal, and annual rainfall by years at the stations 
at Brookings, Highmore, Eureka, and Cottonwood, S. Dak., are 
shown in Table I, with averages for the periods for which records are 
reported and a summary of these averages. 

Table I shows that the average seasonal rainfall at Brookings for 
the five months from April 1 to August 31 is 15.63 inches, or 68 per 
cent of the annual precipitation. June has been the month of great- 
est rainfall, with May ranking next in order. There have been two 
seasons when drought conditions occurred, 1904 and 1910; 1908 was 
the year of greatest rainfall. In 1903 the cereal crops at Brookings 
were destroyed by hail, a fact not shown in Table I. In brief, there 
have been seven good and three poor crop years in the 10-year period 
from 1903 to 1912. 
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TasB_LeE I.—WMonthly, seasonal, and annual precipitation in inches in South Dakota 
at Brookings and Highmore for the 10 years from 1903 to 1912, at Eureka 
for the 4 years from 1909 to 1912, and at Cottonwood for the 3 years from 
1910 to 1912. 

BROOKINGS. 

‘pr. 1] For 
Year Jan. | Feb. | Mar. | Apr. | May. | June.| July.| Aug. | Sept.| Oct. | Nov. | Dec to the 

Aug. 31.| year 

IU eas oe 0.10 | 0.31 | 1.87 | 1.00 | 4.53 | 4.16 | 3.30 | 4.25 | 2.73 | 1.85 | 0.10 | 0.45 17.24 | 24.65 
190452522222. . 04 15 -25 | 1.78 | 1.82 | 4.30 | 1.91 - 93 -93 | 3.15 02 20} 10.74 | 15.48 
1905 = = cca .22]1.00} .68 | 1.01 | 6.14 | 6.09 98 | 4.54 | 2.16 | 1.50 | 2.45 | 1 T 18.76 | 26.77 
EQ0GS 2. See ail) 02 .08 | 1.40 | 3.51 | 4.89 | 1.86 | 4.28 | 5.13 | 3.01 . 89 52 | 15.94 | 26.26 
1907 oo 8 1.06 28 .09 | 1.17 | 2.36 | 5.65 | 3.77 | 1.41 | 1.28 96] .10} 1.12 | 14.36 | 19.71 
190822325225 -20 | 1.80 | 1.16 | 2.10 | 6.46 | 6.35 | 4.69 | 2.37 | 3.89 | 1.42 | 1.30 60 |} 21.97 | 32.34 
1909. 2-5 2. oe 1.20 | 1.57 .37 | 1.16 | 4.75 | 2.29 | 2.44 | 3.39 } 1.67 | 1.71 .65 | 1.14 14.03 | 22.34 
POIO: + 22. ace 1.07 40 | .50 | 2.34 .87 | 1.85 | 1.68 | 2.46] .96 Bon] weld 10 9.20 | 12.78 
1911 a.,: 23ee -61 53 | .53 | 1.62 | 1.90 | 3.78 | 3.32 | 3.81 | 3.08 | 5.12 | .23 42 | 14.43 | 24.95 
1912 See - 28 241 .26 | 3.36 | 6.98 | 2.09 | 2.52 | 4.68 | 1.61 $6 | T. 20 | 19.63 | 23.18 

Average..| .50 63 63 | 1.69 | 3.93 | 4.15 | 2.65 | 3.21 | 2.34 | 2:01 59 -47 | 15 63° 22.85 

HIGHMORE. 

Apr. 1} For 
Year Jan. | Feb. | Mar. | Apr. | May.| June.| July.| Aug. | Sept.| Oct.) Nov. | Dec to the 

Aug.31.| year 

19032 3cecee se 0.05 | 0.30 | 0.87 | 0.70 | 0.85 | 2.93 | 3.58 | 2.40 | 1.46 | 0.66 | 0.65 | 0.63 | 10.46 | 15.08 
19042 See 2 15] .17 05 | 1.43 | .99 | 2.25 | 2.40] 1.48] .38 60 | T. . 60 8.55 | 10.50 
1905! -2 35552: (Oe fea be 60 | 1.39 } 5.23 | 5.64 | 5.54 | 3.56 | .56] 1.95 | 1.29 | T. 21.36 | 26.36 
1906-252 30] .40 80 | 2.40 | 5.00 | 2.50 | 1.19 | 6.25 | 2.80 30 | 2.47] .40] 17.44 | 24.91 
1907--E 2 1.00} .40 | 1.19 68 | 5.11 | 1.62 | 3.64 -18 | 1.04 | 1.96 | .05 -40 | 11.23 | 17.28 
1908 -Raseris 10} .93 80 | 1.55 | 2.68 | 5.78 | 2.49 | 3.53 | .62 | 2.19] 1.39] .31)| 16.03 | 22.37 
1909 eee ac 26] .34 13 30 | 4.72 | 1.69} 1.81 | 3.92 | 1.70] 1.04] .71] 1.41] 12.44 | 18.03 
OER oe 82] .19 58.| 1.40] .94] 3.74] .85 | .66] .89 24] .40-| .44 7.59 | 11.15 
1911 2 11} .39 | 2.54 32, | 2.31 | .09 | 2.69 | 2.52 | 3.06 | 1.05 | .35) .44 7.93 | 15.87 
1912. ee Sits saul 27 | 1.05 | 2.20) 1.31 | 1.44} 3.39 | .71 20 00} .35 9.39 | 11.16 

Average... 35 32 77 | 1.12 | 3.00 | 2.76 | 2.56 | 2.80 | 1.32 | 1.02 73 50} 12.24 | 17.27 

EUREKA. 

1909 Brera een 0.10 | 0.45 | 0.14 | 0.50 | 2.65 | 3.35 | 2.21 | 1.39 | 1.25 | 0.17 | 4.50 | 2.40 | 10.10] 19.11 
if) Reeds .60 | 1.70 | 1.23 . 82 -42 | 3.80 | .53) 2.60] 3.65 | .18) T. 25 8.17 | 15.78 
eee eee .50,| .73 | -.62:) 224 | «97 | 1.295] 43 1° 3257 1b) SOU esha eso 8.50 | 13.7 
19D Pets .25| .40} 1.05 } 1.29 | 3.37 | 1.50 | 2.19 | 3.27 | 1.48] .07 AY Mis bentlen table o2e ets (93 

Average..| .36| .82] .76 | 1.21 | 1.85 | 2.49 | 1.34 | 2.71 | 1.87 | .26) 1.35] .89 9.60 | 15.88 

ooo 

CoTToNWOOD. 

LE Ce a ar ss 0.66 | 0.07 | 0.76 | 1.06 | 2.54 | 1.30 | 1.11 | 0.48 | 0.82 | 0.32 | 0.30 | 3.00 6:49 | 12.42 
ASU. ert A .15 4 .85 | 1.10 . 64 ~59. | 2.47 1°35/59))) 1215 -20] .42 5.59 | 11.10 
1912>. i Le eC) S200 Soden) al Ont WO Sn ona sear AD aie O Te 29 .12} 11.27 | 15.97 

Average..| .28| .08 | 1.25 | 1.74 | 1.61 95 | 1.37 2.10), 1904)" 2 o8i| so Aroled is 7.78 | 13.16 

SUMMARY OF AVERAGES. 

Station. Years. Jan. | Feb. Mar. Apr.|May.| June.| July. | Aug.| Sept. | Oct. |Nov.|Dec. 

Brookings. .|1903-1912 \0.50 |0.63 |0.68 |1.69 |3.93 | 4.15 | 2 1 | 2.34 |2.01 |0.59 |0.47 | 15.63 |22. 85 
Highmore. .|1903-1912 | .35 | .32 | .77 |1.12 |3.00 | 2.76 | 2. . 80 | 1.32 |1.02 | .73 | .50 | 12. 24 |17. 27 

1 1 
1 0 

Eureka...,-. 1909-1912 | .36 | .82 | .76 {1.21 |1.85 | 2.49 1.87 |_.26 [1.35 | .89 9.60 |15. 91 
Cottonwood Fae acs | .28 | .08 |1.25 |1.74 1.61 | .95 1.90 | .53 | .17 |1.18 7.78 \13. 16 

1T.=trace. 2 Norecord. Precipitation very slight. 
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At Highmore the average seasonal rainfall from April 1 to Au- 

gust 31 during the 10 years under consideration, as shown in Table I, 
has been 12.24 inches, or 71 per cent of the total annual rainfall, 
with the heaviest precipitation in May. There have been four sea- 

sons of drought, three of which, 1910, 1911, and 1912, have occurred 
in sequence, thus rendering dry-farming methods of little avail in 
the production of cereals during 1911 and 1912. The rainfall has 
approximated the average during three seasons, while in three seasons 
it has been much heavier than the average. In brief, there were 

eight seasons when fair to good crops could be obtained by good 
farming methods, one season of partial failure, and one season of 
total failure. Thus, during two of the four dry seasons good crops 
were obtained and in a third a partial crop was obtained by good 
farming methods. In all four of the dry seasons the crops were a 
total failure where poor farming methods were employed. 

The record for Eureka covers but four years and is therefore not 

at all conclusive. It shows that the average seasonal rainfall during 
this period was 9.6 inches, or 60 per cent of the annual precipitation. | 
During the last three years the same drought conditions as were 
noted at Highmore have prevailed, though they were not as severe. 

The record for three years at Cottonwood shows that the same 

drought conditions occurred there as prevailed at Highmore and 
Kureka from 1910 to 1912. The lack of rainfall in June during these 
seasons has made the raising of wheat, barley, and oats unprofitable. 

The seasonal rainfall has been 59 per cent of the total. 
The summary of Table I shows that Brookings has received an 

average of 2.75 inches more seasonal rainfall than Highmore. Ap- 
parently, Cottonwood and Eureka do not differ essentially from 

Highmore in the matter of average annual precipitation. 
The climatic conditions as a whole are favorable to the produc- 

‘tion of small cereals as well as other crops at Brookings. At High- 
more such cultivated crops as corn, sorghum, and potatoes have not 

failed during the 10 years. The noncultivated cereals have been a 
total failure one year and a partial failure another year, even where 
the best moisture-conservation methods have been employed, that is, 
where the small grain has followed an intertilled crop. Where small 
grain has followed small grain there have been four failures—one 
total and three partial. Thus, there was a net gain of 2 crops in 10 
due to good farming, besides the increased yields in normal years. 

SOIL CONDITIONS. 

The soils of South Dakota east of the Missouri River are nearly 
all of glacial origin, consisting usually of rich dark-colored loams 
containing varying proportions of sand, underlain by “ bowlder ” 
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clay containing rounded granitic stones commonly known as “ hard- 
heads.” These glacial soils are well suited to cereal production. The 
soils west of the Missouri River are alluvial or residual in their 
origin, that is, they are either the result of deposits of sediment or 
were formed in place by the disintegration of the underlying rocks. 
For this reason these soils are extremely variable. Several types 
of soil may be found on the same farm. The general soil types 
include a sandy loam in the southern, a sticky clay in the central, 
and a silt loam in the northern part of this section. 

The soil of the Brookings field is a medium sandy loam, that of 
the Highmore field a medium clay loam, that of the Eureka field a 
sandy loam, and that of the Cottonwood field a sticky clay, known 
locally as gumbo. 

Thus, the four fields represent, in a general way, the common soil 
types of the State. However, there are many local variations in the 
character of the soil which may influence the results when the crops 
here discussed are grown on other farms. 

HISTORY OF THE COOPERATIVE EXPERIMENTS. 

The cooperative study of the grain crops in South Dakota was 
begun in 1903 by the South Dakota Agricultural Experiment Station 
and the Office of Cereal Investigations of the United States Depart- 
ment of Agriculture. The first purpose of the work was to determine 
what varieties were best adapted to South Dakota conditions. Sev- 
eral hundred introductions were made from various parts of the 
world and were placed on trial. Many were found to be entirely 
unfit the first season, while others were grown for several years before 
it could be definitely determined whether they were suitable. The 
varieties discussed in this bulletin are the best of the many which 
were tested. After having learned something of the relative value 
of the different varieties, work was begun in 1910 toward the improve- 
ment of the best ones. 

Portions of the work have been reported from time to time in 
various bulletins of the South Dakota Agricultural Experiment 
Station + and of the United States Department of Agriculture.2 The 

1Shepard, J. H. Macaroni wheat; its milling and chemical characteristics. South 
Dakota Agricultural Experiment Station, Bulletin 82, 45 p., 6 pl., 1903. 

Chilcott, E. C., and Cole, J. 8S. Cooperative cereal investigations at Highmore. Sum- 

mary of results for 1908. South Dakota Agricultural Experiment Station, Bulletin 84, 

p. 9-14, 1904. 
Shepard, J. H. Macaroni wheat; its milling and chemical characteristics and its 

adaptation for making bread and macaroni. South Dakota Agricultural Experiment 

Station, Bulletin 92, 39 p., 4 pl., 1905. 

Cole, J. S., and Balz, Sylvester. Cereal investigations at Highmore. South Dakota 

Agricultural Experiment Station, Bulletin 96, p. 45-60, fig. 4, 1906. 

Shepard, J. H. Macaroni or durum wheats. (A continuation of Bulletin 92.) South 

Dakota Agricultural Experiment Station, Bulletin 99, p. 105-115, 1906. 
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period during which the experiments have been conducted is now 
sufficiently long to warrant the summarizing of the most important 
results in a single paper. 

Some important facts have been brought out. Those varieties 
which have given the best results almost invariably have come from 
regions of similar climate. Climatic conditions so far dominate soil 
conditions that the State may be roughly divided into two sections, 
one subhumid and the other semiarid. Each section has its specially 
adapted varieties, though some are adapted to both. The important 
practical problem now is how to encourage the more common use of 
these varieties. 

EXPERIMENTS WITH WHEAT. 

PRODUCTION IN SOUTH DAKOTA. 

The production of wheat in South Dakota has remained stationary 
during the 10-year period under discussion (1903 to 1912). In 
Table II it is shown that the lowest yield of this period was pro- 
duced in 1911. During that season the return was only about 50 
per cent of the cost of production, while in 1904 it averaged 4 per 
cent less than the cost of production. -During the remaining eight 
years wheat production has been profitable to the State as a whole. 
The highest gain, 46 per cent over the cost of production, was ob- 
tained in 1909. The average gain for the whole period for the 
entire State has been 20 per cent on the production cost. In making 
these estimates the average cost of production for a period of years 
has been considered as equivalent to the value of a yield of 10 bushels 
to the acre. That is, it takes approximately the first 10 bushels per 

acre each year to pay the cost of production, not taking into account 
the plant food removed. While it is true that such an estimate can 
not be used in determining the profits of any individual farmer, 
owing to local and seasonal variations, it serves as a broad economic 
basis by which the profits of wheat production in general may be 
measured. On the whole, wheat growing has been profitable during 
the decade, if the loss in soil fertility is not considered. Up to the 
present time very little consideration has been given to this factor by 
the farmers. 

Willis, Clifford. Report of progress in variety tests cf oats. South Dakota Agricultural 

Experiment Station, Bulletin 110, p. 421—450, illus., 1908. 

Willis, Clifford, and Bopp, J. V. Report of progress in variety tests of barley. South 

Dakota Agricultural Experiment Station, Bulletin 113, p. 501—522, illus., 1909. 

Willis, Clifford. Report of work for 1907 and 1908 at Highmore substation. South 

Dakota Agricultural HWxperiment Station, Bulletin 115, p. 557—570, 1909. 

Willis, Clifford, and Champlin, Manley. Progress of grain investigations. South 

Dakota Agricultural Experiment Station, Bulletin 124, p. 19-55, 1910. 

Willis, Clifford, and Burleson, W. lL. Progress of wheat investigations. South 

Dakota Agricultural Experiment Station, Bulletin 128, p. 125-144, illus., 1911. 

2Salmon, Cecil. Dry-land grains for western North and South Dakota. U. S. De- 

partment of Agriculture, Bureau of Plant Industry, Circular 59, 24 p., 1 fig., 1910, 
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TaBLE II.—Acreage, production, und yield per acre of wheat in South Dakota for 
the 10 years from 1903 to 1912, inclusive. 

4 Produc- Yield Produc- Yield 
Year. Acreage. tion. per acre. Year. Acreage. tion. per acre. 

Bushels. | Bushels. Bushels. | Bushels. 
10/18 Bice 3, 424,000 | 47, 253, 000 TSS | 1) 190 eee erence 3, 217,000 | 47,060, 000 14.6 
190425 fs ascdee os 3, 287,000 | 31, 557, 000 9).6\) 1910. seein 3, 650, 000 | 46, 720, 000 12.8 
19002. atsigceee 3, 221,000 | 44, 133, 000 LS eT || WOU eee eres 3,700,000 | 14, 800, 000 4.0 
19063 seis. ee 3,131,000 | 41, 955, 000 1354s) GL OUQc see oes 3,700,000 | 52, 185, 000 14.2 
1907s 52250-8255 2,900,000 | 32, 480, 000 1052 es 
19088 Eo ice oss- 2,958,000 | 37,862,000 12.8 Average..| 3,318,800 | 39,600,000 12.0 

1 Data supplied by the Bureau of Statistics, U. 8. Department of Agriculture. 

VARIETAL TESTS. 

The acre yields in bushels obtained in varietal tests of wheat at 
Brookings, Highmore, Eureka, and Cottonwood are shown in Table 
III. The results for eight years (1905 to 1912) are given for Brook- 
ings and Highmore and for four years (1909 to 1912) in the case of 
Eureka and Cottonwood. These yields were produced without fer- 

tilizers and without systematic rotation, the method being strictly 
comparable to that in use by the majority of farmers. Any gain in 
yield over the average for the State may be ascribed to the producing 
power of the variety, to well-cleaned seed, and to good tillage rather 

than to fertilization or good rotation methods. 

TasLE III.—Annual and average yields in bushels to the acre of wheat varieties 
grown at Brookings, Highmore, EHureka, and Cottonwood, S. Dak. 

BROOKINGS. 

Yield per acre (bushels). 

S. Dak. | C. I. - Nol | No2 Variety. res 

1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 See z 

Bluestems: 
ES |Sateee Haynes (Minn. No. 51)...-- 15.7 | 21.8 9.2 | 12.1 | 15.1 | 18.7] 3.8 | 19.6 13.8 

169 | 2874 Haynes (Minn. No. 169)....' 16.3 | 21.8 | 8.4 | 11.6 | 16.9 | 15.7 2.8 319.0] 14.0 
Fifes: 

136 | 3022 Rysting (Minn. No. 171)...) 15.8 | 23.4] 7.3 | 14.9 | 15.5 | 16.9 |33.0 |417.4] 14.3 
142 | 2989 Power (Minn. No. 66) ..--- | 16.8 | 23.1 6.8 | 10.1 | 13.3 | 14.0] 1.6 /817.0] 12.8 
69 | 1517 Ghirkavs.0e eae ee 11.3] 19.0} 7.8] 8.8 | 17.7] 16.2] 0.8] 18.0] 12.4 

Bearded fife: 
67 | 3081 Red Wifes. 22. weenie 18.3 | 22.3 | 10.9 | 15.0 | 21.8 | 19.9] 2.8] 18.5} 16.1 

Durums: 
150); \ pace e< ATT AUD Ae arene iin incense 25.0 | 35.8 | 20.8 | 25.8 | 16.5 | 12.0] 4.0] 26.1] 20.8 
73 | 1516 Kubatikay: 2 i 2sc<scies «eis 20.8 | 30.3} 6.2] 12.8 | 15.7] 5.5] 2.8] 28.6] 15.3 
75 | 1440 Don eS Sesesee wea 16.3 | 28.6 | 14.5 | 16.1 | 11.8} 12.7] 1.2] 28.0} 16.2 

152 | 1541 Se See ee 16.5 | 30.4 | 12.7 | 15.8 | 18.0] 9.2] 8.8] 21.6} 16.0 
Average of 2 bluestems..-| 16.0] 21.8) 8.8 | 11.8] 16.0] 14.7} 3.3] 19.3} 13.9 
Average of 3 fifes........ 1476"), 21.8) | 723! |) U2 Seon os den ieee |e 2 
1 bearded fife........-... 18.3 | 22.3 | 10.9} 15.0 | 21.8] 19.9} 2.8] 18.5] 16.1 
Average of 4 durums...-.- 19.6 | 31.3 | 13.5 | 18.6 | 15.5] 9.8] 2.9 | 26.0] 17.1 

1 South Dakota number. 3 Yield estimated. 
2 Cereal Investigations number. 4 Average of 6 plats. 
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TABLE III.—Annual and average yields in bushels to the acre of wheat varieties 
grown at Brookings, Highmore, Eureka, and Cottonwood, S. Dak.—Con. 

HIGHMORE. 

Yield per acre (bushels). 

Ss. war: CEE: Variety. 
0. No. Asia: 

1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 age 

Bluestems: 
0S EP eee ITA TIOS 2 haces ce cee el 24.8 | 16.2 | 16.7 | 13.6 | 16.2 Wad 0 0 11.9 
145 |....-. Okanogan. ..............-- 23.3 | 15.0 | 18.5 | 16.2 | 15.8 8.3 0 0 12.1 
(eee benee Haynes (Minn. No. 51)..--- 22.8 | 17.0 | 16.0 | 16.3 | 15.8 9.5 0 0 12.2 

169 | 2874 ai Haynes (Minn. No. 169)....) 23.1 | 17.3 [116.1 | 14.7 | 17.2 | 10.0 0 0 12.3 
ifes: 

136 | 3022 Rysting (Minn. No.171).. | 15.8 | 18.2 | 13.2 | 11.0 | 16.8 9.8 | 0 0 10.6 
142 | 2989 Power (Minn. No. 66)....-- 20.5 | 14.8 | 12.5 | 16.1 | 16.5 | 10.3 0 0 11.3 
69 | 1517 Gihinkaies 22 ey) eh eee 9.7 | 22.0 | 15.0! 4.8 | 17.7 6.2 0 0 9.4 

Bearded fife: 
67 | 38081 Ried Mmifes2ees = setae se ee 25.5 | 20.3 | 18.7 | 11.0 | 17.5 6.8 0 0 12.5 

Durums: 
75 | 1440 Koubankal.. 2 322.225.2222. |) PF) || PAS EN SIF || PE 7 |) ila) 8.0 0 0 15.8 
73 | 1516 ID) Ora: eee ee ae | 28.5 | 31.2 | 26.8 | 27.5 | 14.8 | 13.0 0 0 17.7 

152 | 1541 XO) ap Cs 5) sate) MN oS oy 26.7 | 25.5 | 21.7 | 22.5 | 10.7 8.3 0 0 14.4 
1350 Pererod ka 2c. /syss oe ae 28.3 | 28.5 | 27.3 | 22.0 | 17.2 6.2 0 0 16.2 

150) eee 2S ANTON can ccessecsososce, Glos |) PBS || PRLS | AiO) | ze | GO 0 0| 16.2 
72 | 1513 Beloturkas ss. 4252-24. = 35.8 | 22.8 | 24.2 | 27.8 | 12.5 2.0 0 0 15.6 

Average of 4 bluestems... 23.5 | 16.4 | 16.8 | 15.2 | 16.3] 8.9 0 0] 12.1 
Average of 3 fifes.......-. 15.3 | 18.3 | 13.6 | 10.6 | 17.0} 8.8 0 0! 10.5 
1 bearded fife..........-- 1925-0) |) 20537) 18570) TO) h75 6.8 0 0 12.5 
Average of 6 durums..... ' 29.9 | 26.4 ; 25.4 | 24.8 | 14.4] 7.1 0 0} 16.0 

EUREKA 

Bluestem: 

169 | 2874 Haynes (Minn. No.169)..-..|...-..|.--...|------]---.-- | 10.1 | 2.3 0; 5.2 4.4 
Bearded fife: 

67 | 3081 DREGE es ihe ay Seale ti it a ce) BL bc hie | 12.5 | 3.8 0; 1.5 4.5 
Durum: 

75 | 1440 IGUANAS seme ke ce cheece eens pees et [ag el ON 22.5 | 10.7 0 0 8.3 

COTTONWOOD. 

| 

Bluestem: | 
169 | 2874 Haynes (Minn. No. 169)... .|....-- se Ret 2 8 eae 2.1] 1.8 0; 4.0 2.0 

Bearded fife: | 
67 | 3081 TROCSXO ILI SHU (Nao scoe Ponrae se 5 Am S| [rere gi pel oe tM eee Biotch |) > Bh 0} 7.0 3.3 

Durum: | 
75 | 1440 TRC Dan kagwce Bye d aes Ware EA MAE he eee ae | per eral Se 4.0 1.3 0 1.4 1.7 

1Yield estimated. 

The highest average yield for the eight years (1905 to 1912) at. 
. Brookings, as shown in Table III, was produced by the Arnautka 
durum wheat, 20.8 bushels to the acre. This variety exceeded all 
others in average yield by at least 25 per cent. The Kubanka durum 
(C. I. No. 1440) averaged 16.2 bushels; the Red Fife, a bearded 
common wheat, 16.1 bushels; and the Kubanka durum (C. I. No. 
1541) 16 bushels to the acre. The average yield of four varieties of 
‘durum wheat was 17.1 bushels and of six varieties of common wheat 
13.9 bushels. 

The data from the Highmore substation show that there have been 
two total failures during the 8-year period (1905 to 1912), Al- 
though some grain was obtained each season, there was not a sufficient 

13129°— Bull. 39—14 2, 
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quantity to pay for harvesting in 1911 and 1912, and for that reason 

the small yields obtained are not reported. Notwithstanding these 
two seasons of total failure, the production of wheat has been profit- 

-able for the period as a whole. The highest average yield, as at 
Brookings, was produced by a durum variety, the Kubanka (C. 1. 
No. 1516) leading with 17.7 bushels to the acre. The highest yielding 
common wheat was the Red Fife, with 12.5 bushels, closely followed 
by the Haynes Bluestems, Minnesota Nos. 51 and 169. The average 
yield of six varieties of durum wheat for the 8 years was 16 bushels 
to the acre, while that of eight varieties of common wheat was 11.5 

bushels. 
For the stations at Eureka and Cottonwood the yields of three 

representative varieties for the four years from 1909 to 1912 are 
given. The highest average yield at Eureka was produced by the 
Kubanka durum, 8.3 bushels to the acre, while at Cottonwood the 

bearded common wheat, Red Fife, has yielded best, 3.3 bushels. 
During the 4-year period 1909 to 1912 wheat has been produced at 

an average loss of about 43 per cent of the cost of production at 
Eureka and of about 77 per cent at Cottonwood. These results are 
similar to those generally obtained during this period in the portions 
of the State where these stations are located. At Highmore wheat 
has been produced at an average loss of 38 per cent during this 
same period, but for the 8-year period 1905 to 1912 an average profit 
of 29 per cent has been obtained from the production of wheat of the 
varieties reported in Table III. This bears out the conclusion that 
the farmer in the semiarid portion of South Dakota can produce 
wheat profitably in a long period of years, but that for short periods 
he is likely to lose. In practice this would mean that wheat growing 
in that area should be considered as but one part of the business of 
the farm rather than its main dependence. 

In figure 2 the yields of some of the leading varieties of wheat are 
shown graphically. It will be noted that the same varieties that 

. have done well at Brookings have also given good results at High- 
more, but that the relative position of the two strains of Kubanka,.« 

C. I. No. 1440 (S. Dak. No. 75) and C. I. No. 1516 (S. Dak: No. 73), 
is reversed, and that the Red Fife, C, I. No. 3081 (S. Dak. No. 67), 
is a much closer competitor of the Kubanla at Brookings than at 
Highmore. In each case the averages are in favor of the early- 
maturing bearded varieties. 

In this diagram the average yields obtained are represented by 
solid horizontal lines. These are cut at the 10-bushel mark by a 
vertical line, the 10-bushel yield to the left of this line being esti- 
mated as equal to the average cost of production. That portion of 
the yield line extending to the right of the vertical line represents 
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- the number of bushels produced in excess of the average cost and thus 
represents the profit obtained. 

In determining which variety to grow in any given locality it is 
necessary to consider the milling quality, the time required from 
seeding to maturity, and the yield. These points will be discussed in 
subsequent paragraphs with regard to each of the leading varieties. 

The data in Table IV are arranged to present a comparison of the 
producing capacities of the two principal climatic areas of the State. 
This table shows that the average yields of the groups of improved 
varieties discussed in this bulletin, with one exception, have been 
greater than the average for the entire State from miscellaneous 

BROOKINGS 19 au. 
16.2 BU. AUBANKA DURUM (C1N2 1440)... 

HUBANKA DURUIA (CLN2E151E).-.- 18.3 BU. 

BLAR ODEO REO FIFE _._--------- 16./ BU. 

BLUESTEIT (P4INN. V2 $1). __-- 12. 5 5: 
BLUESTES? (INN. 9/69). ____- /4.0.8v. 
BEAPOLESS FIFE(PUNN.N2171). sABBU. 

HIGHIIORE 
AUBANKA DURUIN(E1.M2/440).. 15.8 BU. 
AUBANAA OURUINCC.14,N2°L51E).__... /27 BU. 
BAAKOLD FEO FIFE. 88 2 eo 12.5 BU. 

BLUESTENO (}H1NM M951). ___. 12.280. 
BLUESTEST (/HINN.NO/EQ)._____- 12,3 BU. 
BLEAROLESS FIFE ((11NN, 2 66)__ 3 BU. 

Fic. 2.—Diagram showing the average production in bushels to the acre of the leading 

varieties of each type of wheat grown at Brookings and Highmore, S. Dak., for the 

eight years from 1905 to 1912, inclusive. ‘The vertical line indicates the yield neces- 

sary to cover the estimated cost of production. 

varieties or mixtures. The one exception is the beardless fife group 
at Highmore. Considering that there have been two total failures 
at. Highmore, this superior showing is a striking indication of the 
value of using good seed of productive varieties. 

TABLE LV.—Average acre yields of wheat in bushels in South Dakota and of the 
different groups of varieties at Brookings and at Highmore for the eight years 
from 1905 to 1912, inclusive. 

Average yield per acre (bushels). 

Locality. Class. 

1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 au 

Entire State.._........... RUSS siete igs tea 13.7 | 13.4 | 11.2 | 12.8 | 14.6] 12.8] 4.0] 14.2] 12.1 
Bluestem. ......-- 16.0 | 21.8] 8.8] 11.8 | 16.0] 14.7] 3.3] 19.3] 13.9 

ea wines Hifolme pee acme et 14.6 | 21.8] 7.3 | 11.2 |-15.5 | 15.7] 1-8] 17.4] 13.2 
B8sp coe ecesssasccae Bearded fife.-..__- 18.3 | 22.3 | 10.9 | 15.0 | 21.8] 19.9] 2.8] 18.5 | 16.1 

Drei eae 19.6 | 31.3 | 13.5 | 18.6] 15.5] 9.8] 2.9] 26.0] 17.1 
Bees Bra tuys 93.5 | 16.4 | 16.8 | 15.2 | 16.3] 8.9] 0 0 12.1 

: ieee cam es 15.3 | 18.3 | 13.6] 10.6] 17.0] 88] 0 0 10.5 
Highmore......-.-----.--- Bearded fife..._... 25.5 | 20.3 | 18.7] 11.0] 17.5] 6.8] 0 | o 12.5 

(MAST. — --occce~ 29.9 | 26.4 | 25.4 | 24.8] 14.4] 7.1] 0 0 16.0 
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The average yield of the bluestem wheats at Brookings is 1.8 
bushels to the acre higher than the yield of this group at Highmore, 
as shown in Table IV. The average yield of the beardless fifes is 
2.7 bushels, that of bearded fife 3.6 bushels, and that of the durums 

1.1 bushels higher at Brookings than at Highmore. Plant diseases, 
particularly rust, have lowered the yields at Brookings, while 
drought has been the cause of low average yields at Highmore. 
These results indicate that there is not as great a difference in the 

producing power of the two sections of the State as has been gen- 
erally supposed. The quality of the wheat at Highmore has invari- 
ably been excellent, while that at Brookings has been affected at 
times by rust or wet weather in harvest. 

CULTURAL METHODS. 

In Table V the results of an experiment to determine the possible 
gain by the use of better seed and by alternating wheat with a 
cultivated crop are reported. The work was done at Highmore in 
1910. The best seed which was possible to separate with an ordinary 
fanning mill was sown on land previously used for cultivated alfalfa 
in rows. For comparison, ordinarily well-cleaned seed similar to 
that used in all other field experiments was sown on fall-plowed land 
previously in wheat. The experiment was conducted with a repre- 
centative variety of each group. 

TasLeE V.—Results obtained at Highmore, S. Dak., in 1910, from sowing well- 
graded seed wheat on well-prepared land in comparison with ordinary seed 
sown on land prepared in the ordinary manner. 

Good methods. Ordinary methods. Differences. 

; Yield. Yield. Yield. 
Group Days | Weight) ~ i Days | Weight) je Days | Weight Le 

toma-|— per |= | to ma)" Del. 5 | SS || OI ara 
ture. | bushel. eetin.| ieee ture. | bushel. ecesctal\ is on. ture. | bushel. igi ince, 

Lbs. | Bush.| Cwt. Lbs. | Bush.| Cwt. Lbs. | Bush.| Cwt. 
Bluestem. . . 95 58.0 NEY 18.7 102 54.0 8.9 7.6 —7 4.0 2.8 11.1 
Bearded fife - 93 5975) linonlh 2255 96 60.0 6.5 ae —3/ —.5 pil 16.3 
ih ae ee 94 AYA) || Wee@) |e 17a 100 5405) leis 7.8 =6 5 (255 SH 9.4 
Durum..... 97 GOSS Lian eezon6 95 58.0 a ee 2 Pi a PA 15.0 

Average...| 95] 58.8] 14.0] 21.3 Cpu Geek SRO) 2 DEON Ge) ||) SEI 

It will be seen from Table V that the yield of grain and of straw 
was increased in each case by the use of the better methods, while 
the weight per bushel was higher, with one exception. ‘These re- 
sults were so conclusive that the experiment was not repeated. It 
is now becoming common practice to grow as much as possible of 
the wheat crop on land previously used for an intertilled crop. 
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LEADING VARIETIES. 

Among all the varieties tested a few of outstanding merit should 
be more widely known and more generally grown. By growing these 
varieties the farmers of South Dakota can increase the quantity and 
improve the quality of the wheat produced in the State. With a 
full knowledge of each of the leading varieties the individual farmer 
ean decide which he prefers to grow. He can then endeavor to im- 
prove the quality of his crop and keep it above the average. Among 
the most promising varieties are the Red Fife, Haynes Bluestem, 
Seotch Fife, Kubanka, and Arnautka. The fifes and bluestems are 
common wheats, while the Kubanka and Arnautka are durums. 

The results of a milling test of several of these varieties of wheat 
ure shown in Table VI. Further reference to this table will be made 
in the discussion of the varieties, which follows. Cross sections of 
loaves of bread made from these varieties are shown in Plate I. 

TABLE VI.—Results of a milling test of seven varieties of wheat grown at the 
Highmore, S. Dak., substation in 1910. 

NS a 5 
5 |) ot iS a 4 

ae =i ge fol 3 . 5 
se | £ Soll ee are £ Blas 

Variety. 3 a 2 | °8 2 | Condition. i & 3s 
° 4 ° ral » 3 =) a q s 
a > a ce || Spe |) : 2 a & : = 

3 | & | Sb di B © : 5 8 H BS es ae es Peed ere | Selpe ia 
) a |e | S| 5 ats |S | ale | a 

Per | Per | Per Per | Per | Per | Per | Per | Per 
cent.| cent. | cent. | Gms. | Lbs. cent. | cent. | cent. | cent. | cent. | cent. 

3082 | Marvel Blue- | 100 | 8.63 {18.56 /21.40 | 60.5 | Plump....} 5.4] 11.4] 1.9] 4.2 | 71.5 3.0 
stem. : | 

3081 | Red Fife....... 0 | 8.69 |18.37 /24.10 | 63.0 |..... do....| 6.7] 13.3] 2.9] 3.2 | 69.6 4.4 
2492 | Manchuria..... 0 | 8.39 |21.00 |18. 70 | 62.5 |..... do....| 11.7 | 16.1] 1.9] 3.9 | 65.6 7.6 
1440 | Kubanka.....-- 100 | 8.60 |17.81 |80. 20 | 63.0 |..--- do. 1.0 | 13.0 3.0 5.0 | 72.5 3.1 
1354 1D Sa ees 100 | 8.52 |18.56 |26.80 | 62.5 Shriveled - 3.3 9.4 4.9 6.8 | 72.2 5.1 
1516 IDK Sao aes 98 | 8.40 |17.69 |27.30 | 63.4 | Plump... 357) 8.4 3.4 | 10.4 | 72.6 6.4 
3080 | Arnautka......- 100 | 8.96 |19.12 |26.20 | 61.0 }....- COs 55); weal jaebs 3.8 5.0 | 73.9 7.6 

1Jn this table, the data marked ‘‘ Error’? represent the moisture absorbed by the wheat in tempering, 
which differs with the variety, as well as the actual error in grinding and weighing. All work was done 
by the same method and the results are strictly comparable. 

THE FIFE GROUP. 

The fife group of common wheat is beardless with smooth white 
glumes. These wheats are often known collectively as Scotch Fife. 
The kernels are dark red, with sutures of varying shapes. Among 
the principal varieties of this group are the Fife (Minn. No. 163), 
Power Fife (Minn. No. 66, S. Dak. No. 142, C. I. No. 2989, and 
®. Dak. No. 172, C. I. No. 3025), Rysting Fife (Minn. No. 171, 
S. Dak. No. 136, C. I. No. 3022), and Saskatchewan Fife. The 
Ghirka (S. Dak. No. 69, C. I. No. 1517) has longer and lighter col- 
ored kernels than the other varieties of the group, but is otherwise 

similar to them. 



~ 

14 BULLETIN 39, U. S. DEPARTMENT OF AGRICULTURE. 

Power Fife—The Power Fife (Minn. No. 66, S. Dak. No. 142, 

C. I. No. 2989) is a typical variety of the beardless-fife group. It 
is of good milling quality, and usually produces grain which is a 
little more plump than that of the bluestem varieties. It is diffi- 
cult to distinguish a sample of grain of this group from bluestem 
wheat, though the kernels average a little shorter in proportion to 
their width, and some of them have narrow, incurving sutures. 

At Brookings this Power Fife has yielded 1.2 bushels less annu- 
ally than the Haynes Bluestem (Minn. No. 169) in the 8-year test, 
while at Highmore it has yielded 1 bushel less during the same 

period (Table II). Since the distribution of this variety by the 
Minnesota station, a selection Known as Minnesota No. 163 has been 
produced. This latter selection has not been included in the South 
Dakota trials during the 8-year period under discussion, but it has 
been grown at Highmore for five years and appears to be at least 

as good as Minnesota No. 66. The average yields of the two stocks 
for that period have been practically the same, 8.6 bushels per acre 
for Minnesota No. 66 and 8.4 bushels for Minnesota No. 163. These 
varieties mature a few days earlier than the varieties of the blue- 
stem group and for that reason are not so badly affected by rust. 

THE BEARDED-FIFE GROUP. 

The varieties of the bearded-fife group of common wheat are 
bearded and have smooth white glumes (chaff). The kernels are 
dark red in color, with narrow incurving sutures. They are known 
commercially in the hard spring-wheat district as “ Velvet Chaff,” 
though the chaff is smooth and this name is therefore wrongly ap- 
plied. The typical variety of the group is the Red Fife (S. Dak. No. 
67, C. I. No. 3081). It also includes the South Dakota Climax, 
Golden Fife, Early Java, and Preston (Minn. No. 188). A number 

of typical heads of the Red Fife are shown in figure 3. 
Red Fife—The Red Fife variety (S. Dak. No. 67, C. I. No. 3081) 

requires about 95 days from seeding to maturity, as compared with 
105 days for the bluestem wheats. Its earliness makes it less sus- 
ceptible than the varieties of that group to damage from rust or from 
midsummer drought. It has withstood drought at Highmore better 
than any other variety except one or. two recent importations from 

west-central Asia which do not appear to be good milling wheats. 
The origin of this variety is not definitely known; the stock used by 
the South Dakota station in these investigations was obtained from 
G. H. Carroll, of Miller, S. Dak., who obtained it from Iowa. It is 

probable that if the original source could be located it would be 
some region with a climate similar to that of this State, possibly the 
“black-earth” region of south-central Russia. 



WHEAT, OATS, AND BARLEY IN SOUTH DAKOTA. 15 

The Red Fife has given the highest average yield of any of the va- 
rieties of common wheat at all the stations, with an 8-year aver- 
age acre yield of 16.1 bushels at Brookings and 12.5 bushels at High- 
more. It is a little inferior to the Marvel Bluestem in milling value, 
containing 1.3 per cent more bran, 2.9 per cent more shorts, 1 per cent 
less low-grade flour and 1.9 per cent less straight flour (Table VI). 
This lower milling value affects the market price, so that this and 
the related varieties usually sell for about 3 cents per bushel less than 
bluestem wheat. However, it has recently been officially admitted to 

Fic, 3.—Selected heads- of the Red Fife wheat (C. I. No. 3081) used in the wheat- 
breeding nursery at Highmore, S. Dak. 

erade with “northern” (hard spring) wheat on the Minneapolis and 
Chicago markets and this difference in price will doubtless disap- 
pear. 

THE BLUESTEM GROUP. 

The varieties of the bluestem group of common wheat are beard- 
less, with white, hairy chaff. The kernels are dark red, with wide. 

outcurving sutures. Among the varieties of this group are the 
Haynes Bluestem (Minn. Nos. 51 and 169), Pedigreed Bluestem 
(S. Dak. No. 140), Okanogan Bluestem (S. Dak. No. 145), Marvel 
Bluestem (S. Dak. No. 195, C. I. No. 3082), and Select Bluestem 
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(S. Dak. No. 196, C. I. No. 3083). Figure 4 shows a number of 
typical heads of bluestem wheat; these are selections from the 
Haynes Bluestem (Minn. No. 51) made at the Highmore substation 
in 1910. The milling qualities of the bluestem wheats are so well 
recognized by the trade that it is taken as the standard by which 
other varieties are rated in milling value. 
Haynes Bluestem.—The strain of the Haynes Bluestem wheat 

known as Minnesota No. 169 (S. Dak. No. 169, C. I. No. 2874) was 

Lu 
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Fic. 4.—Selected heads of the Haynes Bluestem wheat (Minn. No. 51) used in the wheat- 

breeding nursery at Highmore, 8. Dak. 

originated by the Minnesota Agricultural Experiment Station. It 
is a selection from the Haynes Bluestem (Minn. No. 51) obtained 
from a grower in Manitoba. Because of its uniformity and superior 
quality it is a good example of the possibilities of improving wheat 
by selection. This variety appears to be the best of the bluestem 
wheats, as usually it has slightly exceeded other varieties of this 
group in yield. It can not be distinguished by its appearance from 
other bluestem wheats, but it is very uniform in size and shape of 
erain and in height of plant. 

The Haynes Bluestem should be classed as a late wheat, as it 
requires about 105 days to mature in normal seasons, the time being 
shightly longer in a cool, wet season and shorter in a hot, dry one. 
Owing to its lateness it is seriously affected by rust and midsummer 
drought, though it often escapes early drought for the same reason. 
This fact is important, for many growers have rejected early varie- 
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ties because they did not yield well in a season of early drought. 
The next season they planted late varieties, only to find that in that 

year the drought came later and was equally injurious to the late 
varieties. As is shown by the yields reported in Table II, the Haynes 
Bluestem (Minn. No. 169) has yielded less than the Red Fife (S. Dak. 
No. 67) at Highmore in four seasons and more in two, the average 
being 0.2 bushel in favor of the Red Fife. 

THE DURUM GROUP." 

The durum wheats have smooth yellowish white glumes, with long 
awns. The principal varieties are the Kubanka and the Arnautka, 
the former with large, dark-amber kernels, the latter with large 
kernels of a clear amber and longer in proportion to their thickness 
than those of Kubanka. The heads of Kubanka are also shorter than 
those of Arnautka. The Kubanka durum wheats include South Da- 
kota Nos. 73, 75, 152, and 356 (C. I. Nos. 1516, 1440, 1541, and 1354, 
respectively), while South Dakota Nos. 148, 149, and 151 (C. I. Nos. 
1494, 1493, and 1547, respectively), and South Dakota No. 150 are of 
the Arnautka variety. 

Kubanka:—The Kubanka (S. Dak. No. 75, C. I. No. 1440). is con- 
sidered the best durum wheat for South Dakota. It is one-of:the best 
yielding varieties in our tests, averaging 0.1 bushel more per acre 
than the Red Fife at Brookings and 3.3.bushels more at High- 
more. It also compares favorably with the bluestem wheats in mill- 
ing quality, producing 1 per cent more flour, 4.4 per cent less bran, 
2.7 per cent more shorts, and 0.8 per cent more low-grade flour, as 
shown in- Table VI.- The loaf made from this flour is of better 
quality than that made from the bluestem wheats, as will be seen by 
examining the photographs of the cross sections of the loaves shown 
in Plate I. It does, however, have a yellowish tinge, which is usually 
considered objectionable by those accustomed to a snow-white flour, 
Milling quality is a very important consideration in determining the 
value of a variety of wheat. During some seasons durum wheat has 
been quoted at as much as 15 per cent below bluestem wheat in price. 
This difference has gradually disappeared, and from September, 1912, 
to September, 1913, the price per bushel for durum wheat was higher 
than the price of bluestem wheat. 

There is great variation in milling quality among durum-wheat 
varieties, as reported by Shepard.? Of all the varieties tested Ku- 
banka (C. I. No. 1440) was the best in milling quality. The trials 

+ For a more complete discussion of durum wheat see Salmon, Cecil, and Clark, J. A, 

Durum wheat. U.S. Department of Agriculture, Farmers’ Bulletin 534, 16 p., 4 figs., 1913, 

2Shepard, J. H. Macaroni wheat: Its milling and chemical characteristics and its 

adaptation for making bread and macaroni. South Dakota Agricultural Experiment Sta- 

_ tion, Bulletin 92, 39 p., 4 pls., 1905. / 

13129°—Bull. 39—14——3 
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reported in Table V agree with those reported by Prof. Shepard in 
this particular. It seems probable that if all the durum wheat grown 
in South Dakota was of this variety the market would demand the 
product each vear at a price equal to that paid for bluestem wheat. 
Since the yield of the Kubanka (C. I. No. 1440) is 15.7 per cent 
greater at Brookings and 20.3 per cent greater at Highmore than that 
of the Haynes Bluestem (Minn. No. 169) it may readily be seen how 
much that would mean to the State of South Dakota. 

This variety owes its yielding power mainly to its ability to resist 
rust and to respond quickly to favorable climatic conditions. In un- 

Fic. 5.—Selected heads of the Kubanka durum wheat (C. I. No. 1440) used in the wheat- 
breeding nursery at Highmore, S. Dak. 

favorable seasons it suffers more severely from drought than the Red 
Fife (S. Dak. No. 67, C. I. No. 3081). It matures in about 100 days, 
and if sown at the same time ripens a few days earlier than blue- 
stem wheat. It holds its seed well, being superior in that respect to 
any of the varieties of common wheat. This is a decided advantage 
when the acreage on any one farm is large, as some of it is likely to 
become overripe before the harvest is completed. Care should be 
taken to make sure that it is ripe enough to cut before beginning to 
harvest, because the glumes, or chaff, turn yellow before the grain is 
ripe. 

The Kubanka durum wheat was obtained in Russia by Mr. M. A. 
Carleton when he visited that country as an agricultural explorer for 
the United States Department of Agriculture in 1899. He made sey- 
eral importations of this and other varieties of durum wheat. Among 
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them all the stock known as C. I. No. 1440 (S. Dak. No. 75) has proved 
the best for South Dakota conditions. This variety, typical heads of 
which are shown in figure 5, should receive more attention from the 
growers of South Dakota. : 
Arnautka—The variety of durum wheat known as South Dakota 

No, 150 is typical of the Arnautka group. It is the only one of this 
group that has excelled the Kubanka (C. I. No. 1440, S. Dak. No. 75) 

in yield. At Brookings it has exceeded the latter by an average of 
4.6 bushels and at Highmore by 0.4 bushel per acre, as shown. in 
Table II. A comparison of these yields indicates that it is peculiarly 
adapted to the locality of Brookings, but that at Highmore, where 
the conditions in normal seasons are more nearly typical of the State 
as a whole, it is not materially better in yield than the Kubanka 
(C. I. No. 1440). This variety matures a day or two later than 
Kubanka. 

In milling quality the Arnautka is inferior to the Kubanka. Ac- 
cording to a test made by Shepard + from samples grown at the High- 
more substation, the Kubanka (C. I. No, 1440) made 15.5 per cent 
more flour than the Arnautka (S. Dak. No. 150). This stock of the 
Arnautka was obtained from Fargo, N. Dak., in 1904. Further than 
that, its history is unknown. Everything considered, it seems advis- 

able to discourage rather than to encourage the growing of this 
variety, and for this reason the experiment station has not distrib- 
uted it. 

EXPERIMENTS WITH OATS. 

PRODUCTION IN SOUTH DAKOTA. 

The production of oats in South Dakota has doubled during the 
last 10 years, a condition which is due to the increase in acreage 
rather than to an‘increased yield per acre. The climatic conditions 

of South Dakota are not especially favorable to the production of 
this crop, but at least enough should be grown each year to supply 
the home demand. If more attention were given to growing pure 

_ varieties and keeping the product up to a better standard,-a better 

price would doubtless result directly from the increased demand. 
The investigations here reported were for the purpose of deter- 

mining what varieties among those now existing are best adapted to 
this State. Briefly, they show that certain varieties are much better 
adapted to South Dakota conditions than others and that consid- 
erable improvement in yield and quality of the crop can be obtained 

by the more common use of these varieties. 
The average production of oats in South Dakota for the 10 years 

from 1903 to 1912 was 33,673,100 bushels, with an average yield 

of 29.3 bushels per acre. If the price is such that the first 20 bushels 
per acre will pay the cost of production, the raising of oats has 

1 Shepard, J. H. Macaroni or durum wheats. (A continuation of Bulletin 92.) South 

Dakota Agricultural Experiment Station, Bulletin 99, pp. 105-115, 1906. 
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given the State an average profit of 46 per cent during the decade. 
On this basis there has been one season, 1911, when oats were pro- 
duced at an average loss of 63 per cent and two other seasons, 1908 
and 1910, when there was very little gain. The data are presented 
in detail in Table VIT: 

TABLE VII.—<Annual and a verage acreage, acre yield, and total production of oats in South Dakota for the 10 years from 1903 to 1912, inelusive. 

ree : Yield per] Produc- aus Yield per} Produc- Year. Area. ar ‘isiaval. Year. Area. cee an! 

Acres. Bushels. Bushels. Acres. Bushels. | Bushels. Lee (8 3e See Ae ee 706, 000 38.6 27, 267,000 |) 1909.........._- 1,559, 000 27.9 43, 566, 000 MOO wate 713, 000 3980) | 27519255 000))||n LOLO men ae mmnnis 1, 550, 000 23.0 | 35,650,000 TGO De Se Shae oe 721, 000 39.0 | 28,104,000 || 1911........__.. 1,540, 000 7.4} 11,396,000 EOQGE SS eS ee 1, 275, 000 36.4 | 46,410,000 |) 1912......_.___. 1,550, 000 33.8 | 52,390,000 LOTR eae cet 1, 325, 000 24.7 | 32,728, 000 $f} LQ0Su ate eases 1,365,000 23.0 | 31,395,000 Average..| 1,230, 400 29.3 | 33,673,100 

1 Data supplied by the Bureau of Statistics, U. S. Dept. of Agriculture. 

For the 5-year period from 1907 to 1911 the climatic conditions 
were much less favorable than during the four years immediately 
preceding. In 1912 the season was again favorable to the produc- 
tion of oats. Climatic conditions have been the main factor causing 
variation in yield. It is thus apparent how important it is to have 

BROOKINGS oo au, 
43,5 BU. 

II.28Y. 

DIT DAYe es 

SWEDISH SELECT... 
LINGOL/ sa eee 

BLL ALG. 

CANNER ee 

HIGH IMOFRE 
S/X7 Y-DAY~_____- pe 22.9 BU. 

SWEO/SH SELECT__ 

LINGOL [if 2 ane 

CELYAFE sone 23.7 BU. 

BSANNEF.____----- 

Fic. 6.—Diagram showing the average production in bushels to the acre of the leading 
varieties of oats grown at Brookings and Highmore, 8. Dak., for the seven years from 
1906 to 1912, inclusive. The vertical line indicates the yield estimated as necessary to 
cover the cost of production. 

adapted varieties of oats. These best respond to favorable condi- 
tions or best resist unfavorable ones, so that, on the average, for a 
period of years, they are able to produce the best yields of grain of 
good quality. 

VARIETAL TESTS. 

The results of trials of a number of varieties of oats at the various 
stations in South Dakota are presented in Table VIII. The Banner 
variety (S. Dak. No. 116, C. I. No. 160), which is included in these 
tests, is typical of the oats quite generally grown in the State. With 
this variety for comparison the reader can form an accurate idea of 
the value of the better varieties and of the result if more attention 
were given to the growing of the best ones. In this table the annual 
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and average acre yields for each variety and the average yield for 

all varieties each year are given. A portion of the data for Brook- 

ings and Highmore is also shown graphically in figure 6. The per- 
formance of varieties at Brookings is representative of what might 
be expected in the eastern part of the State. 

Taste VIII.—Annual and average yields in South Dakota of the varieties of 
oats tested at Brookings and Highmore from 1906 to 1912 and of two varieties 
at Eureka and Cottonwood from 1909 to 1912. 

BROOKINGS. 

Yield per acre (bushels). 

San ee | Group and variety. : ; 

ee 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 peg 
| oe 

| 

EARLY WHITE. | | 

165 TGS n ES issby Daye oa 2 eee eoceencoseee a= 61.6 | 24.7 | 59.2 | 46.7 | 28.7 | 19.4 | 64.0 43.5 

EARLY BLACK. | | | 

174 TPA) INioimina nonin IB bvele Sa Se een ee eee 45.4 | 20.6 | 28.6 | 28.4 | 10.9 | 73.1 | 134.5 

MEDIUM LATE WHITE. | | 

HOM eISdy LOWedIShhSeleCh= ss cet ae. cere ese. see 61.6 | 24.1 | 25.0 | 44.0 | 29.0 | 4.7] 86.0] 39.2 
161 ile isin colnvepn eters me 2 ea Ene 42.2 | 14.1 | 17.6 | 33.0 | 29.4 8.0 | 86.5 33.0 
SOM pon mb ely akan ae e ees see ne aes ae ae 42.8 | 9.1} 26.8 | 28.9 | 27.8] 2.0 | 86.5 32.0 
116 GOW Banner: S455 See se ee ee 42.7} 8.1 2.5 | 22.2 | 30.0 | 3.6) 98.1 29.6 

162) Aanericaninriumph=— == 2.2 2-2 Ab lp WO) |) ches |) eilbc! || esas || IG |eeess- 1 20.0 
63a eAInencanyb eaubyeus2 =e eee 43.8 | 10.3 | 5.0 | 25.9 | 28.4) 2.2 |_..--- 119.3 

LATE WHITE SIDE. | | | 

Ise eWMideanwalkcene sus 04) alas poh S52 0\e41s0) e125.) 29:07, | 54am Ih 25 5 119.2 
AASB VV eM DaAn tate oct oc aioe ance eee aae 32.3 Oro") LOVARIN 252 85162650) mele On| eae ee 117.2 

HAV ECLELD C mobail 45.3 } 16.5 | 18.4 | 31.6 | 28.0 | 5.5 | 82.4 | 228.8 

i 

HIGHMORE. 

EARLY WHITE. | 

TGS pelea SityoDayeen age oo. 22P 43.3 | 31.6 | 47.5 | 28.8| 9.4 0| 30] 22.9 
115 SO a PRIN CrSOM ye een Ser ee Nea mem ae 69.7 | 28.8 | 39.0 | 21.9 | 10.0 0 30 24.2 

EARLY BLACK. ; | 

174 ras) North hinnishy) Black. 22. 2252-22222 25 58.8 | 25.0 | 26.3 | 30.6 | 19.4 0 30 22.9 

MEDIUM LATE WHITE 

112 TSS wedish Select sass esses. 2 een eae 65.0 | 30.3 | 30.3 | 36.6 | 25.0 0 30 26.7 
| Regenerated Swedish Select.-.-......|......].-.-.- 27.0 | 20.0 | 11.6 0 30 | 411.7 

336 Seheh |: IEG ya ee oe oe ae 8 eal! Gia On PANN AESOP atone) 0 30 FES 7 
116 IGOR MB ANCE Seo s Neste, OA ep oNee Se we San 6255s polnOnleaeeee 16.8 | 14.7 0 30 | > 20.9 
161 TGS ||-Lileveo) Wile Se ee a Say) Cee ee oe eee 45.6 | 30.6 | 29.7 | 15.6 | 16.3 0 30 19.7 

| 1 HSa|MEVOIStelneerolifiehs sa ee aes Soe 48.8 | 26.3 | 22.5 | 17.8 | 16.6 0 30 18.9 

LATE BROWN. | 

2SGiilp2sor ||, kveO -ALSenaAn oF ar eo yese sc eye ake “49.6 | 21.9 | 32.8 | 23.4 | 35.0 0 30 23.2 

LATE WHITE SIDE. 

445 | White Tartar 
DAM DIVA ea WaAkOe mos a5 sens abst seen 

Average 
| 

1 Average fer six yearsonly. The crop failure of 1911 caused the loss of seed and made it impossible to 
continue some of the tests. This, however, does not affect the relative position of the varieties. 

2 Average of varietal averages. Average of annual averages is 32.5 bushels. 
3 While small yields were obtained in 1912, they were not sufficient to pay for harvesting and are there- 

apyeiuot considered: No variety was sufficiently resistant to withstand the severe conditions and yield 
profitably. 

4 Five-year average. 
5 Six-year average. 
6 Average of varietal averages. The average of annual averages is 21.6 bushels. 
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TaBLeE VIII—Annual and average yields in South Dakota of the varieties of 
oats tested at Brookings, ete—Continued. 

EUREKA. 

Yield per acre (bushels). 

BOR: ie Group and variety. aes | ey 

1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 ale. 

EARLY 

1655+)-0.65))| (Siscty=D ay Sok mason ae foe Santas Rote ees | eee ae 37.2 | 20.2 Os Ort 15.9 

MEDIUM LATE. 

142-1. 1345) Swedish Select=—- 2. s2as- 00022852 eel Ooec ee ter ee ae 43.7 | 25.0 (Didi ze 18.4 

AAMKODAPG 2st Soe Se ee J ee eee eee 40.5 | 22.6 OD | moet i7faal 

COTTONWOOD. 

EARLY 

165) °.165::| “Sixty=D ays soe ree Sees a ee | ence a ice Peg | 12.5 | 4.4 0 | 25.9 | 10.7 

MEDIUM LATE. 

DADs S48) SwedishiGelectacw sree es rn te | eee neal en lezese: Tesco lb G33 0 | 16.6 7.5 

AVera geo Sb). ht ee oe 5 | ee ea eee 9.9 | 5.4 0 |} 21.3 9.1 

Of the varieties grown at Brookings for the seven years from 
1906 to 1912 the best average acre yields were produced by the Sixty- 
Day, 43.5 bushels, and the Swedish Select, 39.2 bushels. ‘These 
yields were considerably higher than those of any other variety in 
the test, exceeding those of the Banner, which, as already noted, is 
quite typical of the oats generally grown in the State, by 13.9 and 
9.6 bushels, respectively. 

Similar data are shown in Table VIII for the trials at Highmore, 
which are representative of the central portion of the State. At 
that point it will be noted that there were two total failures, though 
in the area as a whole there was only one—that of 1911. Of the 
varieties here recorded five yielded less than 20 bushels per acre, 
and were therefore produced at a loss. The average for all varieties 
reported for all years shows a profit of 4 per cent of the cost of pro- 
duction, while on the best variety there was a profit of 33 per cent of 
the cost of production. It is evident, therefore, that the profit or 
loss in growing oats under conditions similar to those at Highmore 
during the seven years from 1906 to 1912 would have depended upon 
the variety used. 

The highest average yields at Highmore were produced by the 
Swedish Select and Kherson varieties. The Swedish Select averaged 
26.7 bushels to the acre for the 7-year period from 1906 to 1912; 
the Kherson, 24.2 bushels; and the Sixty-Day, 22.9 bushels. The 
Sixty-Day was slightly exceeded in yield by the Belyak and the Red 
Algerian. 
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At Cottonwood and Eureka oat growing has not been profitable 
during the last four years, even when the best varieties were used, 
as shown in Table VIII. That it has been profitable at Highmore 
during the last seven years again illustrates the fact that one must 
make plans on a long-time basis in order to succeed in a region of 
limited moisture. It is also evident that no attempt should be made 
to grow oats in central and western South Dakota for market pur- 
poses, but the surplus in favorable seasons should be kept to provide 
feed for live stock in the less favorable years. By this method oats 
may be utilized profitably in that area, but if freight 1s paid to ship 
the crop out in good seasons and to bring it back in bad seasons 
profit can scarcely be expected. 

In Table IX the yields of two of the best varieties at Brookings 
and at Highmore for the 10 years from 1903 to 1912, inclusive, are 
compared with the average production of oats for the State for the 
same period. These data show that the Swedish Select variety (S. 
Dak. No. 112, C. I. No. 184) at Brookings exceeded the average for 
the State by 9.5 bushels, and at Highmore by 4.2 bushels for the 10 
years. During these years the Sixty-Day oat at Brookings exceeded 
the average yield of oats for the State by 17.6 bushels per acre, and 
at Highmore lacked but 0.3 bushel of equaling the State average, not- 
withstanding the three unfavorable seasons at that station Bey to 
1912). 

TABLE [X.—Annual and average yields of Swedish Select and Sixty-Day oats at 
Brookings and at Highmore, S. Dak., from 1903 to 1912, with the average 
yield of all varieties for the entire State for comparison. 

Yield per acre (bushels). 

Locality. Variety. a | 

1903 | 1904 | 1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 ae 

mnitire States--.|) Allo oo-. 2.5222. 38.6 | 39.0 | 39.0 6.4 | 24.7 | 23.0 | 27.9 | 23.0 7.4 | 33.8 | 29.3 
Brookings.....- Swedish Select. .| 10 70.0 | 43.5 | 61.6 | 24.1 | 25.0 | 44.0 | 29.0] 4.7 | 86.0 | 38.8 
Highmore......|....- Gone eee 38.1 | 54.4 | 55.0 | 65.0 | 30.3 | 30.3 | 36.6 | 25.0 | 20 20 33.5 
Brookings...... Sixty-Day....-. 10 | 84.5 | 80.0 | 61.6 | 24.7 | 59.2 | 46.7} 28.7] 19.4] 64.0] 46.9 
Highmore......|..... Gore ssas 24.1 | 41.2 | 64.0 3.3 | 31.6 | 47.5 | 28.8 9.4 |20 20 29.0 

1 Crop destroyed by hail. 2Crop destroyed by drought. 

CULTURAL METHODS. 

in Table X the results of an experiment to determine the gain 
which may be expected by better farming methods are reported. In 
this experiment oats are grown in rotation with an intertilled crop, 

using seed of the best grade obtainable by means of an ordinary 
fanning mill. This is compared with ordinary, well-cleaned seed 
sown on land well plowed and prepared, but which had produced 
a crop of oats the previous year. The test was made at Highmore 
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in 1910, a very dry season, so that the differences are probably 
greater than they would have been in a season of abundant moisture. 
Several representative varieties were used in the experiment. The 
evidence was so conclusive that the yield could be increased by this 
method that it was not considered necessary to repeat the trial. 

TaBLe X.—Results obtained in 1910 at the Highmore, S. Dak., substation from 
well-cleaned seed of four varieties of oats when grown after an intertilled 
crop, in comparison with ordinary well-cleaned secd when grown after oats. 

Good cultural methods. pen ees sere Differences. 

Pele | E z } od 5 - ; 5 P | : 
Variety. 5 =I a = 5 I | = 5 eal dae 2 

aa) 2 =| 3 5 2 5 B ars ro 45h) 4] 3 
es} — s = 3 he s K oI a Ss | a 
| a 5b Tie M's: a 50 a S| 5 om | wr 
Bye | Se S| She + | So | S g|+ | s | & 
ae Yel (ag reat Coe see pc e|feschn| en |) ey || sb ore. 
Fie homeo ie PA SR te een ec i ee ae pd = 
A = va va yaa = al va fal = va iI 

Lbs. | Bu. | Cwt Lbs. | Bu. | Cwt Lbs. | Bu. | Cwt. 
Sixty-Dayie nesses eeseaee 88 32 21.9 | 25.0 86 | 25.0] 9.4] 5.7] 2 7 12.5} 19.3 
Kchersont.. 0). 2d eee 89 36 21.9 | 17.0 84 | 30.0] 10.0] 6.8] 5 6 19 | 10.2 
Swedish Select............- 95 39 35.9 | 29.5 | 100 | 27.0 | 25.0 } 10.2 |—5 12 10.9 | 19.3 
Regenerated Swedish Select] 94 35 18.8 | 14.0 94 | 30.0] 11.6 | 6.8] 0 5 W.2 1.2 

vArVeTAR Ge. zara: aoeeE 91.5 | 35.5 | 24.6 | 21.4 91 | 28.0] 14.0] 7.4 .5| 7.5|10.6] 14.0 

As shown by the data presented in Table X, the good methods 
increased the yield of grain and straw and gave a product of better 
quality, as is shown by the increased bushel weight in each case. 
These data are in accord with those obtained by other experiment 
stations and with the experience of many farmers. It is therefore 
advisable to grow oats in alternation with a cultivated crop in the 
central part of the State and to use thoroughly fanned seed. Just 
how much of the gain was due to each factor was not determined. 

COMPOSITION OF VARIETIES. 

Table XI presents some data on the composition of the different 
varieties of oats included in the test. The figures, which are for the 
1910 crop at the Highmore substation, include the percentages of 
hull, protein, and water, and the weight of 1,000 grains for each of 
10 varieties. A pure-line selection of the Sixty-Day (C. I. No. 626) 
and ordinary Sixty-Day (C. I. No. 165) were highest in percentage 
of protein and lowest in percentage of hull. The Swedish Select also 
shows a low percentage of hull and high protein content, while in 
size of the grain, as shown by the weight per 1,000 kernels, it greatly 
exceeds the Sixty-Day. As the low percentage of hull and high 
protein content both indicate a high feeding value, it is evident that 
these two varieties are desirable for this reason as well as for their 

high yield. 
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TABLE XI.—The weight of 1,000 grains and the percentage of hull, water, and 

protein of 10 varieties of oats grown at the Highmore, S. Dak., substation 
in 1910. 

2 Weight | Hullin 
8. 2 ae c te Variety. of 1,000 whole | ie Protein. 

i 3 grains. grain. | | 

Grams. | Per cent. | Per cent. | Per cent. 
ley sees O2On | ROLEby= Daya SECC UlONS site ann nein oe ees 22, 22a 8. 63 18. 56 
GG heer L65)|RStaby-Dayiee-= = =22 a5 SS 4s Ine? 24.0 7. 82 7. 50 
1G) see D0 | IR CTSORN ers xo feces = <2 19.1 24.9 7.79 15.75 
af eee 134 | Swedish Select........-. ies 25.5 7.43 17.00 
hisses = 174 | North Finnish Black 17.8 25.7 7.76 16. 50 
Sees |e so Ligowo (Minn. No. 6) 27.3 27.0 7.13 16. 69 
CA aoe eee Early Gothland (Minn. No. 26).............-.- 22.3 PTfeoM UPA IPs 
ne nce Oe eee ene Regenerated Swedish Select..............----- 28.8 27.8 7.44 15.75 
ble ee 28 Oa PEC CCPAN SORIA encpe setae ee a eS e tora aerate 28.8 28.3 7.48 14. 
B30e 565 SoU | pes Chyna ee Menken cooper cre eee 24.1 28.9 7.18 15. 87 

PANERA T = Sia a ee ee ee eR eS 23.4 26.1 7.09 16. 54 

LEADING VARIETIES FOR SOUTH DAKOTA. 

The varieties of oats commonly grown in South Dakota have been 
obtained from the States to the eastward and from Canada. Accord- 
ing to the results of these trials, they are not as well adapted to local 
conditions as certain other varieties imported from regions having 
climatic conditions more nearly like those prevailing in South Dakota. 
Recently considerable progress has been made in bringing better 
adapted varieties into common use, but even yet there is far too large 
a proportion of the crop grown from seed of unadapted varieties. 

Other things being equal, the best variety to grow of a given crop 
is the one which has made the best average performance record. 
With definite information about each the farmer can make up his 
mind which is preferable for his conditions. The varieties of oats 
which have succeeded best in the tests here reported are the Sixty- 
Day, Kherson, and Swedish Select. 
Siaty-Day.A—The Sixty-Day oat (C. I. No. 165, S. Dak. No. 165) 

may be distinguished from other varieties by its small, slender, yel- 
lowish white grain. It ripens early and thus escapes climatic condi- 
tions that seriously injure later varieties. Mainly for this reason it 
exceeds all varieties in yield at Brookings, where it produced 47 per 
cent more grain than the Banner and 11 per cent more than the 
Swedish Select during the period from 1906 to 1912, as reported in 
Table VIII. At Highmore, where the late varieties have not been 
injured by hail, the Sixty-Day has not yielded as well as the later 
Swedish Select, but it has outyielded the Banner by 9.5 per cent. At 
Cottonwood the conditions have been a little more favorable to the 
Sixty-Day than to the later varieties. At Eureka the climatic condi- 

1 For a full discussion of the Sixty-Day and Kherson varieties of oats, see Warburton, 

C. W., Sixty-Day and Kherson oats, U. S. Department of Agriculture, Farmers’ Bulletin 

395, 27 p., D fig., 1910. 
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tions are similar to those at Highmore, and here again the Swedish 
Select has outyielded the Sixty-Day. As shown by Table XI, the | 
Sixty-Day variety of the Highmore crop of 1910 contained 17.5 per 
cent of protein and 24 per cent of hull. The weight of 1,000 grains 
was 17.2 grams. Heads of this variety are shown in figure 7. 

The Sixty-Day oat was introduced from Proskurov, Russia, by the 
United States Department of Agriculture in 1901. Since that time 
it has been widely distributed and is now obtainable in commercial 
quantities. It can be recommended as the best early variety for the 
South Dakota grower. 

ple pe 
al peers 

AeA peeanon tien | 

P79 BOS LER 

Fic. 7.—Selected heads of the Sixty-Day oat (C. I. No. 165) used in the oat-breeding 

nursery at Highmore, 8. Dak. . 

Evherson.—The Kherson (C. I. No. 539, S. Dak. No. 115) is iden- 
tical in appearance with the Sixty-Day and nearly the same in per- 
formance. The grain is a little larger and more starchy, containing 
less protein in proportion to the total weight. It also contains a 
slightly higher percentage of hull. These statements are based upon 
the data reported in Table XI. The samples used in this study were 
grown at Highmore in 1910. It may be that these differences would 
not hold if the average results were available. To all external ap- 
pearances the varieties are identical. 

Swedish Select—The Swedish Select (C. I. No. 184, S. Dak. No. 
112) is a medium-late white oat which was introduced from St. 
Petersburg, Russia, by the United States Department of Agriculture 
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in 1899.1 Since that time it has been widely distributed over the 
Northern States. It has outyielded all other varieties at Highmore 
and all medium-late varieties at Brookings in the 10-year period 
from 1903 to 1912. This variety should not be confused with the 

. Regenerated Swedish Select, which, though bearing a similar name, 
has been bred in England for humid conditions. Under the severe 
conditions prevailing at Highmore this English strain or variety did 
not equal the original Swedish Select in yield during the seasons of 
1908, 1909, and 1910. The average yield for the five years during 
which this regenerated variety has been on trial was 11.7 bushels, as 
compared with 18.4 bushels for the original Swedish Select for the 

ae ie ena 

Mente SOR RT oe ca 
Tey Bulbs es ete ec enct eaz Tu one Pose Be eu ol icon Pulte cen un ce BL nts pees eeu Los aed 
| i 1 | | | i 1a { bees Ie, =< 
e z a 3 es “ Be “3 RIS 6 17, 1B. 20 Pe 22 23 

a 

Wie. 8.—Selected heads of the Swedish Select oat (C. I. No. 134) used in the oat-breeding 

nursery at Highmore, S. Dak. 

same period. Under less severe conditions the Regenerated Swedish 
Select has given good results. 
As reported in Table XI, the Swedish Select as grown at High- 

more in 1910 has 25.5 per cent of hull, 17 per cent of protein, and 
weighs 27.3 grams per 1,000 grains. These figures show that it is not 
quite equal to Sixty-Day in feeding value and the grains are more 
than 1.6 times as heavy. Selected heads of the Swedish Select oat 
are shown in figure 8. Everything considered, the Swedish Select 
can be recommended as the best producing medium-late variety and 
more attention can well be given to growing it. 

+ Carleton, M. A. Ten years’ experience with the Swedish Select oat. U. S. Depart- 

ment of Agriculture, Bureau of Plant Industry, Bulletin 182, 47 p., 4 fig., 4 pl., 1910. 
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EXPERIMENTS WITH BARLEY. 

PRODUCTION IN SOUTH DAKOTA. 

The production of barley in South Dakota has more than doubled 
in the 10 years from 1903 to 1912. As with oats, this increased pro- 
duction has resulted wholly from the increase in acreage, for the yield 
per acre has remained practically the same. Table XII shows the 

annual and average acreage, acre yield, and total production of barley 
in South Dakota for the 10 years from 1903 to 1912, inclusive. 

TABLE XII.—Annual and average acreage, acre yield, and production of barley in 
South Dakota for the 10 years from 1903 to 1912, inclusive. 

= i Yield 5 c 7 x Yield |, : 
Year. Area. per acre. Production. Year. Area. per acre. Production. 

Acres. Bushels. Bushels. Acres. Bushels. | Bushels. 
1903 ssh oe 339, 000 31.4 | 10,656,000 || 1909...........- 1,115, 000 20.1 | 22,396,000 
1904 ae ae 350, 000 28.0 9,788,000 || 1910.......---.- 1,050, 000 18.2 | 19,110,000 
LOD Stee eee 332, 000 30.0 9596250000 | 1 Oli ee 1,020, 000 5.4 5, 508, 000 
1906-c eae ee 790, 000 29.0 | 22,910,000 || 1912............ 887, 000 26.0 | 23,062,000 
LOO Eee con 875, 000 23.0 | 20,125,000 - 
LOOSE Rene co 928, 000 26.5 | 24,592,000 Average..| 768, 600 23.8 | 16,810,900 

1 Data supplied by the Bureau of Statistics, U. S. Department of Agriculture. 

Table XII shows that the average annual area devoted to barley 
in South Dakota was 768,600 acres during the 10-year period, with 
an average annual production of 16,810,900 bushels. The area in- 
creased from 339,000 acres in 1903 to 1,115,000 acres in 1909; since 

that time it has decreased somewhat, 887,000 acres being devoted to 
the crop in 1912. The average acre yield has ranged from 5.4 bushels 
in 1911 to 31.4 bushels in 1903; the average yield for the 10 years 

was 23.8 bushels. If 16 bushels per acre will pay the cost of produc- 
tion, the net profit on the barley crop during the 10 years has aver- 

aged 48 per cent of this cost, and the season of 1911 is the only one 
during the last decade in which the crop has not been profitable to 
the State as a whole. While the cost of production varies from sea- 
son to season and in different localities, this estimate indicates that 
barley has been produced at a greater profit than either wheat or 
oats. : 

VARIETAL TESTS. 

Barley growing is a comparatively new industry in this State, 
and relatively little attention has been given to the improvement 
of the crop. The main essentials for the growing of better barley 
are a better knowledge of varieties and greater care in preventing 
mixtures. The object of the experiments here reported was to find 
what improvement might be made by introducing better varieties 
in place of the mixed barley commonly grown. It was first neces- 
sary to make comparative tests to determine which varieties should 
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be distributed. The results of these varietal trials at Brookings 
and at Highmore for the eight years from 1905 to 1912 and at 
Cottonwood and Eureka for the four years from 1909 to 1912 are 
presented in Table XITI. 

TABLE XIII.—Annual and average acre yields of barley in South Dakota in 
varietal tests at Brookings and Highmore for the eight years from 1905 to 
1912 and at Eureka and Cottonwood for the four years from 1909 to 1912, 
inclusive. 

BROOKINGS. 

Yield per acre (bushels). 

S.Dak.)C. I.) Group and variety. Num- 
A 1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 | “Ver | ber of age. | years 

tested. 

SIX-ROWED. 

102 | 638 | Manchuria (Minn. No. 
(G)) ee ean ane dace 49.0 | 41.0 | 34.6 | 28.8 | 24.6 | 24.2] 0 [139.3 | 30.2 8 

105 | 576 | Manchuria (Minn. No 
LOD) Eee s Seats jd tes Saeeaaleemaale we edlaae ote Mate selva silt Paes ea \Gonses 1 

182 NS2R WO dessazeess sere sole 5 45.2 | 50.5 | 32.1 | 30.6 | 26.3 | 27.7 -4 | 57.2 33.8 8 

TWO-ROWED. 

189 189) | Katzing 2a ee 54.7 | 53.8 | 22.9 | 49.1 | 15.2 | 24.8 -2 | 50.0 33.8 8 
107 35 | Chevalier............- 64.2 | 50.3 | 22.5 | 32.7 | 15.4 | 11.0 .8 | 32.0} 28.6 8 

HV) |esaad (Clove Deatay eae 54.6 | 49.0 } 20.0 | 23.2 | 17.9 | 10.8 2.5) (%) |325.4 7 
21 530 |.-..- GO see se aes 60.0 | 48.8 | 20.8 | 26.5 | 19.4 | 12.7 PA, Il (2) 1327.2 7 

343 | Moravian.._........._- 50.1 | 54.3 | 24.4 | 18.1 | 18.7 | 10.6 -8} () [325.3 7 
Aan OUIGP LIS eae ee 35.2 | 41.4 | 16.5 | 22.2 | 16.5 | 11.5 3B (2) |320.5 7 

24 24d DAMA wes owe yiok Lh net” 60.6 | 46.4 | 19.2 | 30.1 | 14.6 | 19.2 0 745), 74 26.9 8 
20 531 | Hamnchen............ 57.7 | 49.4 | 22.7 | 18.0 | 11.5 | 14.4 1.0 | 39.1 26.7 8 

Average........ 53.1 | 48.5 | 23.6 | 27.9 | 18.0 | 16.7 at) 1 2530 |S 27606) Ioacoces 

HIGHMORE. 

SIX-ROWED. 

102 | 638 | Manchuria (Minn. No. 
G)) eee ee? rey ae eye at 37.0 | 42.3 | 22.7 | 24.4 | 14.6 8.1 0 0.1 18.7 8 

105 | 576 | Manchuria (Minn. No 
5) ee eC yale ee tere SSP t 22.7 | 27.7 | 15.8 | 14.6 0 wil 13.5 6 

TiSaie Aa Oderbruckers ee eae |e 28.3 | 15.6 | 10.8 0 4 11.0 5 
182 USD O GESSEEi easier te nears eae niente evterechs 23.8 | 32.4 | 15.8 7.5 0 2.0 13.6 6 
23S e261 Mario umt itd oem Sen eyed bite) eke Tal ee ee TES eee 15.6 0; 42 6.6 3 
1265 \51626) |) Common Califormiaes 3 |o eee aes nose cee ss snc lnsee oe 8.3 0} 4.0 4.1 3 
124 TSTOY WBE) Ko LTR LOSI ce Mi gs Ce A (ea SALE ak ie a oy ee oe | 12.5 0 6.9 6.5 3 
122 Om | Cred VEL TTA ieee nner te Koch nataie (Den ae Rm auiN e ate Be  Sele ON 8.0 0 8.6 5.5 3 
262m ae2G2elAlegs pyaar SS ee Dee ic rea ee 3.3 0 ap) 1.2 3 

TWO-ROWED. 

24 24n| Ean aaa eee sane ae 50.6 | 36.8 | 22.9 | 34.6 | 15.6 | 13.3 0 3 21.8 8 
20 27 | Bohemian...........-. 46.8 | 31.3 | 27.7 | 38.4 | 20.8 | 19.2 0 ~2 23.0 8 
28 |. 195 | White Smyrna.._-.... 45.4 | 30.4 | 19.6 | 27.9 | 19.6 | 14.0 0 8.6 20.7 8 

364 529 | Princess... .. .-| 40.8 | 47.9 | 22.7 | 18.8 | 11.0 | 10.8 0 .2 19.0 8 
21 530 | Chevalier............- 48.5 | 50.6 | 25.2 | 22.9 | 14.8 | 15.4 0 2 22.2 8 
20 | 531 | Hannchen........._.. 41.8 | 56.8 | 26.0 | 29.0 | 15.8 | 14.6 0 a eS) 8 

OU) SHOPMe.s ace he es a8 ALAN ORY A OAL GS) |) Bt IP lh aly Zee Ie oe 29.0 5 
47 | Striegum............. AU5S) || PAE CLG eye ye ee eee eee ae 27.6 5 
48 | Golden Melon........- IO) | P2845 B20 3)5| LOLA | etm | eee ee 27.6 5 

aay) | len S oe oes seeeke 40.0 | 36.4 | 27.3 | 22.0 Oil lames eellpeee Galles at a 27.1 5 

Average........ 45.8 | 37.4 | 23.2 | 28.1 | 15.0 | 11.8 0 2.4 |516.9 |_...... 

1 Average of three plats not in the varietal series. : , 
2 Because of the drought of 1911 the seed of several varieties was lost and it was necessary to discontinue 

growing them. 
3 Average for seven 
4 Average of varieta. 

yezs only (1905 to 1911). : 
averages. The average of annual averages is 29.0 bushels. 

5 Average of varietal averages. The average of annual averages is 20.5 bushels. 
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TABLE XIII.—Annual and average acre yiclds of barley in South Dakota in 
varietal tests at Brookings and Highmore, etc.—Continued. 

EUREKA. 

Yield per acre (bushels). 

8. Dak.) C. I. Group and variety. Num- 

ova em? 1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 | 2¥et- | ber of 
age. | years 

tested. 

105 | 576 | Manchuria (Minn. No. 
5) Pe PEE RYE oe oo a ho cerse neere 32.6 6.0 0 2.1 10.2 4 

1227) S755 |"Gatamilers ooo s eos Sees oe 1S oe | eS coe | ee ees ee | PBC | Seen 1 
53" ann ch enon cee cee tehscmicn cece | teeta seers Sie | siete) 0 | 19.5 13.7 4 

28) S951) “Wii bens mayan ae ee | eel oer cme ee ere | ene 19.0] 7.2 0} 7.8 8.5 4 

ASVOrag Os. SSMS One |et ons | eee | see Platt 4) Be Uh OF Mas2n | PAOlsele Ss 

COTTONWOOD. 

105 | 576 | Manchuria (Minn. No. 
Bie Sere cc cine ele ae oth eco Sone | Mere aioe | eee 2.0 | 3.1 0 20 13 4 

20) 6 0530 q\geiannehenisee este oe | see ee >| ences | a i) B55} 0 20 2.4 4 

Average | 4.0 | 3.3 0 0 1.8 
Poe eke ro ro eae ae 

1 Average of varietal averages. The average of annual averages is 11.7 bushels. 
2 Destroyed by cutworms. 

The results reported in Table XIII show that the highest average 
yields in the 8-year test at Brookings, 33.8 bushels to the acre, were 
produced by the Odessa (6-rowed) and the Kitzing (2-rowed) 

‘varieties. The Manchuria, another 6-rowed variety, has yielded 
better than any 2-rowed variety except the Kitzing. In general, 
it appears that the 6-rowed barleys are to be preferred in eastern 
South Dakota. The reverse is true at Highmore, as the six 2-rowed 
varieties which have been grown for eight years (1905 to 1912) 
have averaged 21.6 bushels to the acre, while the Manchuria (Minn. 
No. 6), a 6-rowed variety, has averaged only 18.7 bushels. The 
highest average yield for this period, 23 bushels to the acre, was pro- 

duced by the Bohemian and Hannchen varieties. Figure 9 shows 
graphically the average yields of the leading varieties at Brookings 
and Highmore. The Hannchen has given the best results at Eureka 
in the four years from 1909 to 1912. At Cottonwood only two varie- 
ties, the Hannchen and Manchuria, have been grown. Neither of 
these varieties has produced a profitable crop at this station in any 
of the four years the test has been conducted. 

If it is again assumed that the production of 16 bushels to the 
acre will pay the cost of production, all the varieties of barley at 
Brookings were grown at an average profit of 81 per cent on this 
cost, while the Odessa variety (S. Dak. No. 182, C. I. No. 182) 
returned an average profit of 111 per cent. At Highmore the 
average profit on all varieties for eight years has been only 5 per cent 
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on the cost of production, but the Hannchen (S. Dak. No. 20, C. I. 
No. 531) and the Bohemian (8S. Dak. No. 27, C. I. No. 27) have 
returned a profit of 44 per cent. The profit obtained from these 
selected. varieties shows the value of pure strains of superior merit. 
At Eureka the best yielding variety, the Hannchen, has been grown 
at an average loss of 15 per cent for the four years from 1909 to 
1912, and the three varieties tested have been produced at an average 
loss of about 33 per cent. The two varieties grown at Cottonwood 
returned only about 10 per cent of the cost of production during the 
four years of the test. For the entire State the average production 
was 22.3 bushels for the eight years (Table XIV), or 6.3 bushels 
more than the equivalent of the estimated cost of production (16 

bushels). This is a profit of about 40 per cent. 

SIX-ROWED BROOKINGS 
33.8 LU. 

30.2 BU. 

TWO-PPOWLD 

CHEVAL/IEP?._------ 

S/X-ROWED 

MANCHUFAIA._--- 

TWO-FOWEOD 
CHEVAL/EF.__-_—- 

HANNCYLIEW.__---- = 

BOHLEIT/AN._---- ae 

WHITE SIT AIVA_ 20.7 BU. 

PFAINCE SS. _—---- 19.08U. 

Fie. 9.—Diagram showing the average production in bushels to the acre of the leading 

varieties of 6-rowed and 2-rowed barley grown at Brookings and Highmore, S. Dak., 

for the eight years from 1905 to 1912, inclusive. The vertical line indicates the yield 

estimated as necessary to cover the cost of production. 

Taste XIV.—Annual and average yields per acre in bushels of all barleys in 
South Dakota and of the leading varieties at Brookings and Highmore for 
the eight years from 1905 to 1912, inclusive. 

Yield per acre (bushels). 

Locality. Variety. | 

1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 Aves 

‘Entire State......_. All varieties SRI SEE te . 30.0 | 29.0 | 23.0} 26.5 | 20.1 | 18.2] 5.4 | 26.0] 22.3 
{ ; Manchuria (Minn.No.6).| 49.0 | 41.0 | 34.6 | 28.8 | 24.6 | 24.2 0 39.3 30. 2 
Brookings.........-. OG es ee ee 45.2/| 50.5 | 32.1 | 30.6 | 26.3 | 27.7] .4] 57.2] 33.8 

Hannehen......-......- 57.7 | 49.4 | 22.7 | 18.0] 11.5 | 14.4] 1.0 | 39.1 26.7 
i Manchuria (Minn. No.6).| 37.0 | 42.3 | 22.7 | 24.4] 14.6] 8.1] 0 cll} 1. 7/ 

Highmore.......... Odessa ree Ware Se Belen ale eter 23.8 | 32.4 | 15.8] 7.5] 0 20 \losonce 
Hannchen.............- 41,8 | 56.8 | 26.0.) 29.0 | 15.8 | 14.6] 0 2 | 23.0 

From a commercial standpoint the growing of pure varieties is of 
even greater importance in the production of barley than of oats or 
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wheat. As uniform germination is essential for brewing and as 
varieties differ in the length of time required for germination, the best 
results are obtained from pedigreed selections. The danger of mix- 
ing in thrashing and other operations is great where varieties of dif. 
ferent groups are grown in the same locality; hence, it is desirable to 
confine the production of barley in a community to a single group or, 
better still, to a single variety. As the varieties of the different 
groups of barley do not succeed equally well in the different parts of 
South Dakota it is suggested that the State, so far as the production 
of barley is concerned, be divided into eastern, central, and western 
districts as follows: 

(1) Eastern district: That part of the State east of the James 
River. In this district 6-rowed varieties, such as Manchuria and 
Odessa, should be grown. 

(2) Central district: That part of the State between the James 
and Missouri Rivers. The 2-rowed varieties, Hannchen, Bohemian, 
and Kitzing, should be grown here. 

(3) Western district: That part of the State west of the Missouri 
River, As the crop can be fed to stock in this district to better ad- 
vantage than it can be marketed, little attention need be given to 
market requirements, but only the most drought-resistant varieties 
should be grown. These may be either 2-rowed or 6-rowed. 

The policy of developing separate producing areas has been ad- 
hered to during 1912 by the South Dakota station and the United 
States Department of Agriculture in the distribution of seed, and if 
the growers will realize the importance of this movement much good 
will be accomplished. By this means South Dakota barleys will be 
made pure and uniform in each district. The barley market will 
doubtless respond to this improvement and the South Dakota grower 
will reap the reward. 

So much work is in progress in various parts +3 the world in the 
breeding and improvement of barley that it is difficult to keep pace 
with the output of new varieties. For example, the Wisconsin Agri- 
cultural Experiment Station has recently distributed - pedigreed 
strains of Manchuria barley. Without a test extending through sev- 
eral years it is impossible to say whether or not these Wisconsin 
selections are as well adapted to conditions in South Dakota as the 

varieties already tested. As soon as new varieties are obtained from 
the breeders they are placed in the tests at the station, and if any 

are found to be superior to the ones now recommended the informa- 
tion is readily available. It is not at all certain that a variety which 
has done well in Canada or Wisconsin will succeed in South Dakota. 
Experimenting on a large scale is expensive and hazardous, and such 

tests are best conducted by the State experiment station at public ex- 
pense. It is a safe policy for the South Dakota farmer to depend on 
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the results obtained at the station rather than to test new varieties or. 

strains at his own expense. 

COMPOSITION OF VARIETIES. 

The weight per bushel, the weight of 1,000 grains, and the water 
and protein content of seven 6-rowed and seven 2-rowed varieties 

of barley grown at Highmore in 1910 are given in Table XV. This 
table shows that the seven varieties of 2-rowed barley averaged 
3.6 pounds to the bushel heavier than the seven varieties of 6-rowed 
barley and that the protein content was 1.5 per cent higher. On the 
other hand, the 6-rowed varieties averaged 1.9 grams heavier per 
1,000 grains. There was practically no difference in the water con- 
tent. There was a wide variation in the weight of 1,000 grains of the 
6-rowed varieties. 

TaBLeE XV.—Weight per bushel and of 1,000 grains and the water and protein 
contents of 14 varieties of barley grown at Highmore, S. Dak., in 1910." 

-— 

: Weight | Weight 
§.Dak.| C. I. ; Vari Water F 

ariety. per of 1,000 Protein. 
No. No. hel grains. content. 

SIX-ROWED. 
Pounds. | Grams. | Per cent. | Per cent. 

105 576 | Manchuria (Minn. No. 105).........--....--- 46.0 25.1 8. 46 16.7 
IU7Acsiel bear aes Odenbruckers sores ue cies Meet ee aceon 43.0 24.1 8. 65 17.4 
124 190; WB el dimes sess os steno od Cera eae, Oak 40.0 34.5 8. 87 17.4 
182 R25 RO GeSSaw are aes bea aoe tore Ne Mee epee ne 43.0 20.8 8. 63 17.3 
123 Ole pMamiOu tenes eee eect Swe et) eee ees 5" _ 45.0 43. 2 8.98 14.9 
122 Soe |p Greacalnl = ceed. See aang aa Rs WS 2 a ~ 50.0 30. 2 8.77 18.8 
127 Gli7e he Manchuriae ss. ets Oro. ees on cee ose sane 42.0 23.6 8. 44 16.7 

Average of seven 6-rowed varieties. -...-. 44.1 29.5 8. 68 17.0 

TWO-ROWED. e 

24 AOCEAN VOLS [Pah ao ee pelea nace Sart cea a ee a CU 48.0 27.1 7. 82 19.7 
20 DSL BEAM Chen ens er as eee ee ee eases 49.0 25.5 9. 33 18.7 

189 SOS ECE Ia Beas Poe See NS ee ES oder aires 48.0 28.5 8. 63 19.6 
364 29 8 | PEEII COSS ere ess Cisse mL anes Rea ne epee 2 ae 47.0 27.3 8.79 18.8 
107 SomlnC@ Hevaliencs 9 am hea sen ea ee ree ee 45.0 27.2 8.79 17.7 
106 TSeleovanhals fase secnk soe nee aetew ie sees 49.0 29.5 8.57 16.7 
27 Dial PE OW CMIAN Seay gery ER py eo sees Cee maeeeae 47.0 28.3 8.53 18.2 

Average of seven 2-rowed varieties ....- 47.7 27.8 8. 64 18.5 

1 Analyses made in Plant Chemistry Laboratory, Bureau of Chemistry. 

LEADING VARIETIES. 

As already stated, the 6-rowed varieties appear to be most pro- 
ductive in the eastern portion of the State, while in central South 
Dakota the 2-rowed varieties are to be preferred. From the tests 
conducted at the Brookings and Highmore stations, the best 6-rowed 
varieties are the Manchuria and Odessa, with the Hannchen and 
Kitzing ranking highest among the 2-rowed barleys. 

SIX-ROWED VARIETIES. 

Manchuria.—The Manchuria (Minn. No. 105) was obtained from 
the Minnesota station, by which it was secured from the Ontario 
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Agricultural College at Guelph, Ontario. It has been widely dis- 
tributed by the Minnesota station. The Manchuria and Oderbrucker 
barleys have the six rows of grains arranged about the rachis to 
form a head which is square in appearance; hence the group to 
which they belong is often called “square head” or “ four-rowed.” 
Minnesota No. 105 has yielded better at Highmore than Minnesota 
No. 6, which is another stock of the Manchuria variety. Minnesota 
No. 105 was not grown at Brookings until 1912, when it yielded 
58.3 bushels to the acre. As shown by Table XV, Minnesota No. 105 
contained 16.7 per cent of protein, weighed 25.1 grams per 1,000 
grains, and exceeded Oderbrucker in weight per bushel by 3 
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Fic, 10.—Selected heads of the Odessa barley (C. I. No, 182), the best early variety for 

eastern South Dakota, 

pounds in the Highmore crop of 1910. It seems to be more vigorous 
and resistant under severe conditions than Oderbrucker, though the 
latter variety is probably as good in favorable seasons. Everything 
considered, it seems certain that more attention to this variety in 
the eastern district of South Dakota would improve the barley crop. 

Odessa.—The Odessa (S. Dak. No. 182, C. I. No. 182) differs from 
the Manchuria in that it matures about a week earlier. There is 
little difference in the appearance of the plants or the heads. <A 
number of selected heads of Odessa barley are shown in figure 10. 
It has yielded well in the trials at Brookings, excelling all other 
varieties on trial, except Kitzing, during the last eight years. In 
1912 the Odessa yielded 1.1 bushels less than the Manchuria (Minn. 
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No. 105). At Highmore it has yielded practically the same as Min- 
nesota No. 105 for six years. In protein content, weight of grain, 
etc., it appears to be about the same as Minnesota No. 105, as shown 
by Table XV. 

It was introduced from the same region’in Russia from which the 
Sixty-Day oat was obtained. Like that variety, Odessa barley owes 
its superiority to its earliness, which enables it to avoid severe con- 
ditions occurring late in the season. For those growers in the eastern 
district of South Dakota who desire an extra-early variety of barley 
the Odessa can be recommended. 
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Fic, 11.—Selected heads of the Hannchen barley (C. I. No. 581), the best variety for 

central South Dakota. 

TWO-ROWED VARIETIES, 

Hannchen.—The Hannchen (S. Dak. No. 20, C. I. No. 531) is a 
pedigreed 2-rowed barley, originated by selection from Hanna at 
the Swedish Seed-Breeding Institute at Svalof, Sweden. It was 
introduced into the United States by the Department of Agricul- 
ture. The long, slender heads nod at maturity. The beards have a 
tendency to drop off as the crop ripens, so that the crop is some- 
what less objectionable to handle than the 6-rowed varieties. A 
number of selected heads of this variety are shown in figure 11. 
Hannchen barley has been on trial at Brookings and Highmore for 

several years. As shown in Table XIII, it has been the highest 
yielding variety at Highmore and Eureka. At Highmore it has 
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averaged 4.3 bushels to the acre more than Manchuria (Minn. No. 6) 
in an 8-year test, and 0.8 bushel more than Manchuria (Minn. No. 
105) in a 6-year test. At Highmore another variety of the Hanna 
group, the Bohemian (C. I. No. 27), has equaled the Hannchen in 
yield, but has been inferior in uniformity and quality. At Brook- 
ings the Hannchen has not yielded as well as the best 6-rowed va- 
rieties. Table XV shows that the 1910 crop of Hannchen barley at 
Highmore weighed 49 pounds to the measured bushel and that 1,000 
grains weighed 25.5 grams. The protein content was 18.7 per cent. 
Hannchen is a variety of 2-rowed barley to which the barley grow- 

ers of central South Dakota can well afford to give more attention. 
Kitzing.—The Kitzing barley (S. Dak. No. 189, C. I. No. 189) is 

very similar to the Hannchen in appearance. It is uniform and 
of good quality. At Brookings it has been the best yielding 2-rowed 
variety. It was first grown at Highmore in 1910, but has thus far 
shown no superiority to the Hannchen. The latter variety is prob- 
ably to be preferred for the central district of the State. It is not 
advisable to grow the Kitzing barley in the eastern district, because 
of the danger of mixture with the 6-rowed varieties on the farm or 
at the elevator, thus lowering the value of both. 

IMPROVEMENT. OF THE GRAIN CROPS. 

The improvement of the small-grain crops of South Dakota will 
be discussed in detail in a later publication, giving the results of 
the breeding work which is in progress at the Brookings and High- 
inore stations. <A brief statement is included here to show what is 
necessary to make the crop-breeding work of. the station and the 
United States Department of Agriculture of the fullest possible 
benefit to the grower. To obtain the best results, the grower must — 
get seed of the best varieties and then keep this seed up to a high 
standard of purity and quality. Any variety of grain may de- 
teriorate through the presence of inferior seed or through accidental 
mixture with other varieties if care is not taken to remove them 

from the seed each year. 
One of the best plans for keeping seed pure is to use what is known 

as the seed-plat method. To put this method into effect it is neces- 
sary to select enough of the best-appearing heads from the field to 
furnish seed for a seed plat of perhaps 1 acre the following year. 
These heads should be dried thoroughly to avoid molding and then 
thrashed in the most convenient manner. The seed thus obtained 
should be thoroughly fanned and used to plant the seed-improvement 
plat. The crop from this plat will be available for seed for the main 
field for the ensuing year. Enough heads should be selected from 
the seed plat each year to sow the seed plat the following year. By 

thus growing a special seed plat each year the standard of excellence 
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of the variety may be maintained. The work involved is not great 
and could be carried out on a sufficient number of farms in the State 
to maintain a supply of home-grown seed of good quality. 

Whether the seed plat is used or not, all seed grain should be 
thoroughly fanned to remove all light, inferior seed grain, weed 
seeds, and trash. If the seed is thus kept well graded, the so-called 
running out of the variety will be avoided. 

; SUMMARY. 

The small-grain crops, wheat, barley, and oats, have been and still 

are one of the chief sources of wealth in South Dakota. 
The production of wheat has not increased, while that of oats and 

barley has doubled during the decade from 1903 to 1912. There is 
usually sufficient moisture to produce these crops, though the fre- 
quent periods of high evaporation do considerable damage, particu- 
larly in the central and western portions of the State. 

The soils of South Dakota east of the Missouri River are for the 
most part well suited to cereal production; those west of that river 
are extremely variable, though some are of value for grain growing. 

In a climate like that of South Dakota it is very important to 
have adapted varieties. As a result of the investigations reported in 
this bulletin it is now possible to recommend such varieties of wheat, 
oats, and barley for the State. The following varieties are recom- 
mended: 

(1) Wheat. 

Kubanka durum (C. I. No. 1440), Haynes Bluestem (Minn. No. 169), 

Red Fife (C. I. No. 3081), and Fife (Minn. No. 163). 

(2) Oats. 
Swedish Select (C. I. No. 184) and Sixty-Day (C. I. No. 165). 

(3) Barley. 

(a) For the eastern district: 

Manchuria (Minn. No. 105) and Odessa (C. I. No. 182). 

(0) For the central district : 

Hannchen (C. I. No. 531). 

(c) For the western district: 

Gatami (C. I. No. 575), Mariout (C. I. No. 261), and re- 

lated varieties. 

To obtain the fullest return from the use of these varieties. the 
seed must be kept pure and up to a high standard of quality. 

pee COPIES of this publication 
may be procured from the SUPERINTEND- 

ENT OF DOCUMENTS, Government Printing 
Office, Washington, D. C., at 10 cents per copy 



. : ntftive 

=. ty) hoa F-ysihruped J gee ee: eRe’ 
mo 

Ss 
oa fi oo oh eee eek oe | ishintinoe Salt gh har, lev... 
— Soha) oe a abe 

cc, Unio N55 ANG : sate 
i t iv nape: 

es : “ t . 

LY (Di. baat ee) sb. pr bye) peasy bei pe poe 

7 SUEUR? oa 

dyems te te 

=. i. r “ 17 4 

rut sa. oy: 

? v ‘ ER ~ 

3 4 ri ee Sey 

~ | m 

es < 

2 owe f n S199 

b ~—" & « , . 3 ot eae Pee 

. a tras4 y =F 

a TS, \ 

: rh j ; fr 

fn Pee 

oe a 

* a 

ost 

7 ~ t . ; oJ nied a “s Tata - : ‘ Bit sbeki « 







ce, 

we ULE TIN, OF “LHE 
IP > USDEDARTMENT OF AGRCULTRE 

No. 40 

Contribution from the Bureau of Plant Industry, Wm. A. Taylor, Chief, 
January 15, 1914. 

THE MOSAIC DISEASE OF TOBACCO.? 

By H. A. ALLARD, 

Assistant Physiologist, Tobacco and Plant-Nutrition Investigations. 

INTRODUCTION. 

“Mosaic ” is one of the most serious and widespread diseases known 
to affect the tobacco plant. This disease also is known locally as 
“calico,” “gray-top,” “mottled-top,” “mottling,” and “foxy” to- 
bacco. Especially in southern tobacco sections the term “ frenching ” ? 
is used to designate abnormal, sickly plants characterized by the de- 
velopment of stringy, very thick, and leathery leaves which may be 
free from mottling. It has not been determined whether this is dis- 
tinct from mosaic or only a somewhat different phase of this 
disease. In the tobacco sections of Kentucky and Tennessee “ wal- 
loon” is often used to denote mosaic or other abnormal appearances 
more or less closely resembling symptoms of the mosaic disease. The 
disease has also been termed “chlorosis.” Finally, mosaic plants 
sometimes are spoken of as “brindle” or “mongrel.” These terms 

1Jn a study of the mosaic disease of tobacco facts have been learned which throw con- 

siderable light on its nature and origin. It has been shown that it is communicable to 

plants of many genera of the solanaceous family and that aphides are sometimes active 

disseminators of infection both in the greenhouse and in the field. The fact that par- 

ticular insects are involved in the spread of the disease not only helps to explain the 

contradictory results obtained by previous investigators, but also serves to indicate 

means by which the disease can, to a greater or less extent, be controlled under practical 

field conditions. 
Since insects are involved in the spread of the mosaic disease both in seed beds and 

in the field and the practical control of this disease must depend primarily upon an 

intimate knowledge of the habits and distribution of species which may act as capable 

earriers of infection, this phase of the investigation has been taken up in cooperation 

with the Bureau of Entomology.—WM. A. Taylor, Chief of Bureau. 

27The term ‘‘frenching”’ or “ frenched” is applied to sickly, spindling corn plants 

and peach trees as well as to tobacco plants. Its origin dates back to the settlement of 

Maryland when the English settlers applied the term ‘‘ Frenchmen” to weak, spindling 

tobacco plants as a term of contempt. See Clayton, John. A Letter ... to the Royal 

Society, May 12, 1688, giving an account of several observables in Virginia ... p. 19. 

(In Force, Peter. Tracts and Other Papers, Relating Principally to the Origin, Settle- 

ment, and Progress of the Colonies in North America, y. 8, (Washington, 1844.) 

13128°—Bull. 40—14——1 
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are usually descriptive of the characteristic mottling or otherwise 
sickly appearance of plants affected with the disease. It is true, 
however, that they are in many instances somewhat loosely applied 
to a variety of abnormal appearances and symptoms not at all asso- 
ciated with the specific mosaic disease of tobacco. 

Both in Europe and America the mosaic disease of tobacco has 
been the subject of wide inquiry. Hitherto no investigator has 
-been able to offer very conclusive evidence which would consistently 
explain the baffling nature and mysterious origin of the disease. 
Each in his own way, however, has emphasized a favorite opinion, 
so that the literature of the disease is especially conspicuous for its 
widely contrasted theories. } 

The view seems to be generally accepted that the disease is a 
physiological or functional disorder, although it has long been known 
that it is more or less infectious. For this reason the writer’s experi- 
ments were at first planned along physiological lines. Facts soon 
came to light, however, which led to the conclusion that the disease 
must be parasitic in its origin rather than physiological or functionai. 

The writer has found that particular aphides can induce mosaic 
symptoms in plants infested by them, and much evidence has accumu- 
lated to show that aphides are responsible for serious outbreaks of 
the disease both in the greenhouse and in the field. Since it has been 
found that insects may act as carriers of the disease, this phase of the 
problem has been taken up in cooperation with the Bureau of Ento- 
mology with the hope that further light may be thrown on this point. 

APPEARANCE OF AFFECTED PLANTS. 

The development of the mosaic disease of tobacco is attended with 
various physiological and morphological changes in the leaves, 
branches, and sometimes the flowers of all affected plants. The char- 
acter and intensity of these symptoms vary greatly, depending upon 
the age, habits of growth, species of plants affected, and external con- 
ditions. The following symptoms are more or less characteristic of 
different phases of the disease at one time or another: 

(1) Partial or complete chlorosis. | 

(2) Curling of the leaves. 

(3) Dwarfing and distortion of the leaves. 

(4) Blistered or “savoyed” appearance of the leaves. 

(5) Mottling of the leaves with different shades of green. 

(6) Dwarfing of the entire plant. 

(7) Dwarfing and distortion of the blossoms. 

(8) Blotched or bleached corollas (in Nicotiana tabacum only). 

(9) Mosaic sucker growths. 

(10) Death of tissues (sometimes very marked in Nicotiana rustica). 

The extent and character of the first observable symptoms of the 
disease depend upon the age and vigor of the plants at the time of 



| THE MOSAIC DISEASE OF TOBACCO. 3 

inoculation with the virus. In order to study this phase of the ques- 
tion thoroughly the writer has inoculated tobacco plants at all stages 
of growth from the cotyledon stage until the plants have matured 
seed. 

INITIAL SYMPTOMS IN YOUNG PLANTS. 

In very young plants at the two-leaved or three-leaved stage and 
in much larger plants in the rosette stage the first visible symptom 
of the mosaic disease usually appears as a slight downward curling 
and distortion of the smallest, innermost leaves, which at the same 
time become more or less Bhlerene! 

As these leaves increase in size, small, abnormally dark-green spots 
and areas quite generally make their appearance. If the plants are 
given plenty of room and an abundance of plant food to stimulate 
active growth, these dark-green portions of the leaves develop rapidly 
into large, irregular, crumpled swellings, or blisters, more or less 
characteristic of the so-called “ savoyed appearance.” At this period 
these leaves very frequently grow to a size disproportionate to the rest 
of the plant, becoming long, narrow, sinuous, or otherwise enlarged, 
distorted, and irregular. On the other hand, if the young plants 
affected with the disease are badly crowded and starved in the seed 
bed, growth proceeds very slowly, so that the leaves may show only 
a slight mottling. Under such unfavorable conditions of growth tiny — 
plants showing on the leaves the dark-green spots characteristic of 
the true mosaic disease may remain unchanged in size and appear- 
ance for months. 
Although young plants sometimes appear to outgrow the marked 

distortion and deformity affecting the immature leaves at this age, 
the mottled phase of the disease makes its appearance and persists 
with more or less intensity until all leaf development has finally 

ceased. (PI. I, fig. 1, B.) 

DEVELOPMENT IN PLANTS APPROACHING MATURITY. 

Should tobacco plants approaching maturity become infected with 
the mosaic disease, a characteristic phase known as “ mottled-top ” 

“oray-top” develops. (Pl. I, fig. 2.) Although the number of 

leaves affected and the intensity of the markings is considerably in- 
creased if the disease develops at a comparatively early period in the 
life of the plant, attenuated mottling in one or two of the small top- 
most leaves is the only evidence of the malady in plants which 
develop the disease just prior to final maturity. In many experi- 
mental tests made by the writer upon greenhouse plants, typical 
phases of “ mottled-top ” have almost invariably appeared whenever 
the mosaic virus has been introduced into healthy plants just as the 
small, immature flower head was beginning to emerge and to elon- 
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gate above the uppermost leaves. At this time the cluster of flower 
heads is very small, compact, and less than 1 inch across. After an 
incubation period of 10 to 15 days, the first symptoms of the disease 
become manifest as a very noticeable wilting of the upper leaves, 
especially in a hot sun. These leaves, especially in transmitted sun- 
light, show a very fine mottling, which very rapidly develops into 
characteristic “ mottled-top.” 

If the leaves are examined closely, it will be seen that this appear- 
ance is due to the distribution of the dark-green shades along the 
fine anastomosing veins, while the lighter shades occupy the small 
inclosed areas. The earlier manifestations of “mottled-top” in 
some respects simulate certain color changes which accompany the 
normal ripening of fully matured leaves. The “ mottled-top ” phase 
of the disease in nearly mature plants produces little or no distor- 
tion in the leaves which exhibit this appearance. Practical growers 
do not consider this phase particularly serious. 

If plants become infected just prior to the appearance of the 
blossoms, the leaves of the main stalk, all of which at this time 
have practically completed growth, are little, if at all, changed in 
normal appearance. The characteristic symptoms, however, such as 
distortion, etc., are reproduced in the secondary growths (suckers) 
in much the same manner that young plants are affected. 

ROOTS OF DISEASED PLANTS. 

The roots of mosaic plants superficially appear quite as normal 
in many instances as those of healthy plants. It is probable, how- 
ever, that the roots as well as the leaves may be more or less seriously 
peed in form and function, depending upon the age and condi- 
tion of the plant when affected with the disease. 

LEAVES OF DISEASED PLANTS. 

The development of the mosaic disease in tobacco plants produces 
a great variety of changes in the normal color and form of the 
leaves. The more evident changes are confined to the actively grow- 
ing portions, such as the immature leaves of young plants and the 
vigorous secondary growth of more mature plants. A character- 
istic feature of the true mosaic disease, which seems to distinguish 
it from nearly all unhealthy appearances of purely physiological 
origin, is the distinctive blotched and mottled appearance of the 
leaves, sometimes accompanied by distortion, especially if the leaves 
are immature. In. very immature plants the leaves often show 
marked distortion and irregularities of growth, from which they may 
almost recover as they become larger and more mature. 

Fantastic leaf forms frequently arise in mosaic plants. In some 
instances the development of the lamina is almost entirely suppressed, 

~ 
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Fic. 1.—MALFORMED Mosaic LEAVES OF NICOTIANA TABACUM (A, B, C, AND D) AND 
A HEALTHY LEAF (E). 

(Somewhat reduced.) 

Fig. 2.—Mosaic LEAVES OF NICOTIANA TABACUM, SHOWING THE DEVELOPMENT OF 
PROMINENT BLISTERLIKE OUTGROWTHS OF THE LEAF TISSUES. 

These swellings appear on the upper face of the leaf and are usually very dark green in 
color in comparison with the rest of the leaf. (Natural size.) 
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FIG. 1.—COROLLAS OF AMERICAN VARIETIES OF NICOTIANA TABACUM, SHOWING VARIOUS 
DEGREES OF MOTTLING PRODUCED BY THE Mosaic DISEASE. 

The dark areas represent the normal pink color; the light or white areas indicate a partial or 
complete absence of red. A, Normal pink blossom; B, mosaic blossom which is entirely white. 
(About natural size.) 

Fic. 2.—BuUDS OF NICOTIANA TABACUM, SHOWING DISTORTED AND OTHER DEPAUPERATE 

BUDS PRODUCED BY THE MOoSAIc DISEASE (A) AND NORMAL, HEALTHY Bubs (8B). 

(About natural size. ) 
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so that the leaf is little more than a twisted midrib. In other in- 
stances a long, sinuous, ribbonlike leaf is produced by the growth of 
a very narrow and irregular leaf blade (PI. II, fig.1,0.) A very 

peculiar and irregular leaf shape sometimes arise when the lamina 
fails to develop beyond certain abnormally thickened veins, which 
become the margins of the leaf. (PI. II, fig. 1, D.) 

A very distinct and irregular phase of mottling is usually produced 
in immature leaves of young plants by the development of abnormally 
dark-green swellings, or blisters. These surface prominences may 
be so small as to appear like mere dots, or so large and confluent as 

to involve the greater portion of the leaf, and they sometimes occur 
in definite lines along the midrib or lateral veins of a leaf. Other 
leaves may appear perfectly normal in color, except for a few dots 
scattered irregularly here and there. (PI. II, fig. 2, A, B, and C.) 

In later manifestations of the disease the immature top leaves and 
suckers become beautifully mottled; hence, the term “ mottled-top.” 
This phase of mottling is typically developed in upper leaves which 
have almost completed their growth and is not generally associated 
with the development of surface swellings, or blisters. 

Individual plants inoculated at the same age and in identically the 
same manner with the same virus frequently exhibit markedly dis- 
similar phases of the disease. In one plant the disease is of a par- 
ticularly malignant type, greatly dwarfing and distorting all the 
leaves; in another plant the symptoms may be shown only as a slight 
mottling of the leaves throughout the growth of the plant. 

BLOSSOMS OF DISEASED PLANTS. 

The presence of the mosaic disease in all varieties of Nicotiana 
tabacum usually affects the intensity and distribution of the pink 
coloration of the blossoms in much the same manner that it affects 
the intensity and distribution of the green coloration of the leaves. 
For this reason an examination of the blossoms affords one of the 
surest indications of the presence of the disease in a tobacco plant. 
So far as the writer is aware, this distinctive appearance has not 
before been mentioned. As a rule, in blossoms of mosaic plants the 
normal pink coloration is present only in lines, specks, or conspicuous 
blotches. In most instances these markings are very irregular in dis- 
tribution, sometimes involving a portion or all of the lobes of the 
corolla. (PI. ITI, fig. 1.) 
A rather striking and symmetrical color pattern is sometimes 

afforded by a blossom in which the normal pink coloration occurs 
only as a fine line in the sinus of each corolla lobe. Other affected 
plants produce blossoms all of which are devoid of color, so that 
they appear quite white or very pale. More rarely, the presence of 
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the disease in a plant produces in the blossoms a pink-purple color 
several shades darker than that which occurs in normal blossoms of 
a healthy plant. 

The development of the mosaic disease in tobacco plants is not 
invariably indicated in the blossoms by all the color changes pre- 
viously described. With regard to the typically blotched appear- 
ance of the blossoms, however, the writer has failed to find an in- 
stance when this appearance was not associated with the disease in 
a plant. Experiments with healthy tobacco plants grown in green- 
houses at Arlington, Va., during the winter of 1912, indicate, how- 
ever, that high temperatures together with high humidity may pro- 
duce very pale or almost white blossoms, indistinguishable from the 
white or pale blossoms sometimes produced by mosaic plants. 
Now and then tobacco plants show the most pronounced symptoms 

of the disease in the upper leaves and suckers and at the same time 
produce blossoms entirely normal in color. At other times the 
disease appears on a single sucker, all the blossoms of which are 
distinctly mottled, although the blossoms of the main flower head 
and other suckers are perfectly normal in color.. In other plants the 
blossoms of the main stalk are mottled, while the suckers at the same 

time produce normal pink blossoms. Even in the same flower head 
some blossoms may show the most pronounced phases of mottling, 
while others retain the uniform pink coloration of a healthy blossom. 
In local manifestations of the disease the immature leaves as well 
as the blossoms of affected branches usually indicate the disease, 
although this is not an invariable rule. 
By carefully timed inoculation the writer has caused the disease 

to develop in healthy plants subsequent to the apperance of the 
first open blossoms. Blossoms appearing in advance of the earliest 
symptoms of the disease displayed the uniform pink coloration of 
the normal bloom, while later blossoms becoming affected by the 
disease displayed the characteristic blotched colorations. The first 
observable symptoms have sometimes made their appearance in 
the blossoms alone, and not until suckers had developed was the 
disease manifest elsewhere in the plant. 

In particularly malignant phases of the mosaic disease the plants 
often produce depauperate and misshapen blossoms. In such in- 
stances the corollas remain small and imperfectly formed, so that 
the distorted, immature stigma and stamens extrude long before the 
blossom has approached normal maturity. Likewise, on such plants 
the seed pods are abnormally small and shrunken and may contain 
very few viable seeds. (PI. ITI, fig. 2; Pl. IV, fig. 1.) 

The irregular distribution of color in the blossoms of plants 
affected with the mosaic disease seem to be confined entirely to the 
pink-flowered varieties of Vicotiana tabacum. None of the greenish, 
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purplish yellow, or white-flowered species of Nicotiana observed by 
the writer have shown this phenomenon in diseased plants. A few 
of the more common species observed in this connection may be 
mentioned here: 

Nicotiana silvestris (blossoms white). 

NV. rustica (blossoms greenish yellow). 

NV. longiflora (blossoms purplish). 

N. alata (blossoms white). 

N. langsdorfii (white and yellow flowered forms). 

N. paniculata (blossoms greenish). 

The red-flowered forms of Nicotiana forgetiana have not been 
modified by the disease. 

The various manifestations in the intensity and unequal distri- 
bution of color in the blossoms of mosaic tobacco plants bear a strik- 
ing resemblance to the mottled color of peaches produced by trees 
affected with peach yellows. Speaking of the mottled color of 
peaches produced by diseased trees, Smith? says: 

The amount of color appears to depend somewhat upon variety. Sometimes 

there is comparatively little crimson spotting, and again, it is a very marked 

feature, the skin being almost purple and the flesh of the deepest crimson, 

even in pure white varieties. In an experience covering four years and includ- 

ing a great many thousand trees diseased by yellows, I have never known but 

one in which there was entire absence of red spotting in the fruit. This tree 
bore premature insipid peaches and the characteristic shoots. 

Farther on he says: 

In many cases the red-spotted, prematurely ripened fruits are the first indi- 

cations of disease, or at least the first symptoms striking enough to attract 

general attention. They are very often borne exclusively upon one or two limbs 

of otherwise healthy-looking trees. These limbs are not different in appear- 

ance from the rest of the tree. They bear vigorous shoots and full-grown, 

smooth, dark-green foliage; often, also, green, half-grown fruits, which after- 

wards ripen in a normal manner. There is no indication of disease except in 

the fruit, which, in color and size, contrasts strikingly with the fine green foliage 

and the normal, immature fruit. 

LOCAL AND GENERAL MANIFESTATIONS OF THE DISEASE. 

It is a matter of common observation that obvious symptoms of 
the mosaic disease do not necessarily appear in all parts of a plant 
simultaneously. In an affected plant individual leaves, branches, or 
blossoms of the same flower cluster may show localized symptoms of 
the disease. A leaf may appear quite healthy and normal except for 
a few small isolated blisters. Branches healthy in appearance some- 
times grow close beside those showing the most pronounced symp- 
toms. Likewise, in a flower head, blossoms normal in color are often 
intermingled with those showing extreme phases of mottling. 

1 Smith, Erwin F. Additional evidence of the communicability of peach yellows and 

peach rosette. U. S. Department of Agriculture, Division of Vegetable Pathology, Bul- 

letin 1, 1891, p. 12-13. 
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In the “ mottled-top ” or “ gray-top” phase of the disease the top- 
most growing leaves and suckers first manifest the disease. Leaves 
lower down on the main stalk usually do not show symptoms of the 
disease, since these completed their growth in advance of its develop- 
ment. 

This phenomenon, coupled with the fact that the disease in young 
plants affects successively younger and later leaves as they appear 
on the elongating main stalk, has led to the erroneous belief that the 
course of the disease is upward and never downward. 
By inoculating large, nearly mature plants at various points the 

writer has brought out some very interesting details concerning the 
occurrence of local and general manifestations. If the plants are 
inoculated while young or at a period much in advance of maturity, 
the mosaic disease in tobacco plants very rarely manifests itself as a 

local trouble, since practically all suckers, which appear at a consid- 
erably later period, become affected. On the other hand, large; well- 
nourished plants at maturity usually produce an abundance of long, 
leafy, vigorous suckers. Properly topping the plants at this period 
stimulates a yet more vigorous sucker development. By introduc- 

ing the virus into the top of one of these, very pronounced local 
symptoms of the disease sometimes precede the general phase which 
invariably follows. 

Several weeks prior to blooming, when the immature flower heads 
were only one-half inch to 1 inch across and suckers were only feebly 
developed, several series of plants were inoculated with mosaic virus. 
One series was inoculated by puncturing the main stalk deeply with 
a long needle just above ground. A second series was inoculated by 
puncturing the main stalk deeply at several points, beginning at the 
ground and extending along about two-thirds of its length. A third 
group of plants was inoculated at the very apex of the immature 
flower head of the main stalk. Other bealthy plants were allowed 
to mature fully in order to obtain long, vigorous suckers, which, in 
many instances, arose near the base of the plants and nearly or quite 
equaled the main stalk in length. One of these was then inoculated 
with mosaic virus at or near the apex of the immature buds. 
When the virus was introduced into the main stalk at its base or 

at several points along its length all immature parts of the plants, 
including the top leaves and suckers, usually developed pronounced 
symptoms of mosaic simultaneously. When the virus was introduced 
at the very apex of the immature flower heads of the main stalk a 
pronounced mottling of the corollas of the main flower head in 
several instances was the only noticeable evidence of the disease, 
although at this time long vigorous suckers were not infrequently 
present. Later, however, these also showed the usual disease symp- 
toms. In one plant the writer, by antiseptic methods, carefully cut 
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away the main stalk, showing only the mottled corollas. Two large, 
vigorous, apparently healthy lateral suckers several feet in length 
were left undisturbed, and in three days these also had developed all 
the symptoms typical of the disease. 

Local manifestations of the disease were readily induced in a 
number of mature plants by inoculating the apex of a tall, vigorous 
sucker. The earliest symptoms were frequently confined to the. 
branch inoculated and usually first appeared in the small secondary 
suckers nearest the point of inoculation. Plate IV, figure 2, illustrates 
a typical instance of this sort. A tall plant of the Sumatra variety 
was allowed to blossom, and it soon developed suckers freely. As 
shown in the illustration, some of these were nearly as long as the 
main stalk, On February 9 one of these (at A) was inoculated 
thoroughly in the immature flower head (when only one-fourth inch 
across) and at the first bald sucker just below. At this time the 
flower head B of the main stalk had been in bloom several weeks 
and all the blossoms produced were of a uniform pink color. The 
branch or sucker (at C) had not yet blossomed. On February 21 
the first symptoms of the disease appeared in the inoculated branch 
A, the blossoms of which were pale white or conspicuously mottled. 
Likewise, the small axillary shoots (at a and 6) were just showing 
mosaic symptoms. No other indications of the disease were notice- 
able in the plant. Examined again on March 4 the blossoms of the 
branch A were distinctly mottled, although those of the main flower 
head B and the branch C were still normal in color. On March 5 a 
large immature basal sucker was showing mosaic symptoms, and on 
March 25 this basal sucker was producing leaves and blossoms mot- 
tled to a very pronounced degree. The main stalk B and the branch 
C did not at any time show symptoms of the disease, either in the 
small axillary suckers or in the color of the blossoms. 

Although local mosaic symptoms may sometimes develop as the 
result of certain methods of inoculation, the disease invariably 

becomes general, appearing in other immature growing parts of 
affected plants. In all respects this progressive development of 
mosaic is strikingly similar to the behavior of peach yellows, as 
described by Smith.1 He says: 

There is also a progressive development of the disease, more and more of the 

tree becoming involved. In other words, it appears first to be a local disease; 

then, later on, a general one. Quite often, the first season, only one limb or a few 

limbs are diseased, but additional limbs are invariably affected the second year. 

IT know of no exception to this. The first year of attack it is comparatively 

infrequent to find a tree diseased in all its parts; the second year it is some- 

what rare to find many sound branches; often there are none. 

1 Smith, Erwin F. Peach yellows, a preliminary report. U. S. Department of Agri 

culture, Botanical Division, Section of Vegetable Pathology, Bulletin 9, p. 91, 

13128°—Bull. 40—14_2 
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SUSCEPTIBILITY OF SOLANACEOUS PLANTS TO THE DISEASE. 

Although Mayer? established many important facts concerning 
the mosaic disease, he states that he did not succeed in communi- 

cating the disease from tobacco to other solanaceous plants. 
Westerdijk? has also reported that the mosaic disease of tobacco 
is distinct from the mosaic disease of tomato. By actual experi- 
ment Clinton® first proved conclusively that the mosaic disease of 
tobacco was communicable to healthy tomato plants, and vice versa. 
The writer’s experiments indicate that the two diseases are identical 
and likewise communicable to the same plants throughout the 
solanaceous family. The writer has readily transferred the disease 
from tobacco to a great variety of solanaceous plants. By inocula- 
tion the disease has been obtained in the following genera: 

In Nicotiana (all varieties of NV. tabacum tested and many distinct 

species of Nicotiana). 

In Lycopersicon (several of the more distinct varieties of tomato). 

In Petunia (Petunia violacea). 

In Physalis (two distinct garden species). 

In Datura (D. stramonium and D. tatula). 

In Hyoscyamus (H. niger). 

In Solanum (S. nigrum and 8S. carolinense). 

In Capsicum (several of the more distinct varieties). 

Both in the greenhouse and in the field natural agencies produce 
the disease in practically all the plants mentioned. 
A mosaic plant of the species Solanum carolinense brought to the 

writer’s attention indicates that the mosaic disease of tobacco some- 
times occurs in strictly wild plants. 

In the genera Solanum and Atropa, although the methods used to 
inoculate these plants were particularly severe, all efforts to inocu- 

late the common potato (Solanum tuberosum), the eggplant (So- 
lonum melongena), and belladonna (Atropa belladonna) have failed 
to produce any visible evidence of the disease. 

In the genus Datura some species appear to be considerably more 
resistant than others to the mosaic disease of tobacco. The disease 
may be communicated to D. stramonium L., D. tatula L., and D. 
quercifolia H. B. and K. The most persistent and rigorous methods 
of inoculation have failed to produce any symptoms of mosaic in 
the species D. fastuosa L. 

1Mayer, Adolf. Ueber die Mosaikkrankheit des Tabaks. Die Landwirtschaftlichen 
Versuchs-Stationen, Bd. 38, p. 450-467, pl. 3, 1886. Abstract in Journal of Mycology, 

v. 7, no. 4, p. 382-385, 1894. 

* Westerdijk, Johanna. Die Mosaikkrankheit der Tomaten. Amsterdam, 1910, 19 p., 

3 pl. (Mededeelingen uit het Phytopathologisch Laboratorium ‘‘ Wille Commelin Schol- 
ten,’’ Amsterdam, 1.) 

*Clinton, G. P. Notes on fungous diseases, etc., for 1908. Connecticut Agricultural 

Hxperiment Station, Biennial Report, 1907/1908, p. 857-858, pl. 66, fig. 6, 1909. 
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Evidence at hand indicates that the species Datura metalloides L. 
and D. leichhardtii F. Muell. may also be as resistant to the disease 
as the species D. fastwosa. During the season of 1912 the occurrence 
of the mosaic disease was noted in a plat of Datura species growing 
at Arlington, Va. The relative susceptibility of these species to in- 
fection was well illustrated in this plat. Late in the season prac- 
tically all the plants of the species D. stramonium and D. quercifolia 
had developed well-marked symptoms. On the other hand, the spe- 
cies D. fastwosa, D. metalloides, and D. leichhardtii showed no 
observable symptoms of mosaic throughout the season. 

All efforts to communicate the mosaic disease of tobacco to plants 
of other families than the Solanacez have always given negative 
results. The following plants have been inoculated by the most 
rigorous methods without any visible symptoms of the disease: 

Polygonaceze—Sheep sorrel (Rumex acetoselia L.). 

Leguminose— 

White clover (Trifoliwm repens U..). 

Red clover (Trifolium pratense I..). 

Peanut (Arachis hypogea 1.) 

Soy bean (Glycine hispida Moench.). 

Cruciferse— 
Cauliflower (Brassica oleracea L.). 

Peppergrass (Lepidium sp.). 

Plantaginacee—Rib-grass (Plantago lanceolota U.). 

Labiateee—Dead nettle (Lamium amplexicaule L.). 

Oxalidaceze—Wood sorrel (Owalis stricta U.). 

Composite—Garden lettuce (Lactuca sativa L.). 

Phytolaccacez—Pokeweed (Phytolacca decandra UL.) 

SPECIES AND SPECIES HYBRIDS OF NICOTIANA. 

A considerable number of distinct species of Nicotiana have been 
inoculated at all stages of growth with the virus of the mosaic disease. 
Of the various species tested all, with the exception of two or three, 
readily became affected with the disease. It has been produced in 
the. following species: Vicotiana silvestris, N. rustica, N. longiflora, 
N. alata, N. plumbaginifolia, N. forgetiana, N. paniculata, and N. 
langsdorfit. 

On the other hand, after the most persistent and rigorous methods 
of inoculation, the species Vicotiana glauca and NV. viscosum, so far 
as observable symptoms are concerned, do not seem to be affected by 
the disease. WV. langsdorfii, which appeared to be immune, finally 
developed the disease in one or two plants after a long series of 
moculations with the virus. Plants of this species when inoculated 
through the stalk and petioles seem particularly susceptible to a very 
destructive and progressive rot, which begins at the point of inocu- 
lation and finally kills the plant by slowly involving the surround- 
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ing tissues. JV. viscoswm is sometimes lilled in exactly the same man- 
ner, yet no attendant mosaic symptoms have ever appeared in the 
affected plants. Although frequent inoculations have been made 
deep into the tissues of all parts of V. glauca and N. tabacum, these 
species have never shown any indications of rot at the punctured 
points. Plants of the species V. glauca and N. viscosum have been 
repeatedly cut back and mosaic virus poured upon all cut surfaces. 
This severe treatment has invariably failed to produce any indica- 
tions of the disease. 

Other experiments were carefully made to determine whether the 
sap of mosaic plants could be rendered innocuous by mixing it with 
different proportions of the sap of immune species. At first a num- 
ber of trials were carried out by mixing equal quantities of mosaic 
virus and the sap of Nicotiana viscosum. As controls, the sap of 
healthy plants was substituted for the mosaic virus and diluted in 
the same manner. The mixtures were shaken thoroughly and allowed 
to stand several hours. Later trials were made in exactly the same 
manner, using the sap of the immune species of V. glauca. In pass- 
ing, it may be remarked that the diluted virus in no instance lost 
its infectious properties, since every plant developed the disease in 
15 to 18 days following inoculation. All controls remained healthy. 
The virus was still further diluted with the sap of Nicotiana 

glauca and tested as follows: Eighteen young plants of Connecticut 
Broadleaf were arranged in two series of nine plants each. One 
series was inoculated with a mixture of one-tenth mosaic virus and 
nine-tenths healthy glauca sap. This was shaken and allowed to 
stand three hours at a greenhouse temperature of 80° to 85° F. before 
using. Nine control plants were inoculated in the same manner, 
using healthy tobacco sap diluted with glauca sap in the same pro- 
portions. Needle inoculations in the leaves were made on December 
22. Examined on January 9, eight of the series inoculated with the 
diluted virus had developed the mosaic disease. All the controls 

were healthy. It is evident that the virus was not rendered in- 

nocuous. 
In further tests with immune species the writer has made many 

successful graftings of susceptible varieties of Nicotiana tabacum 
and NV. rustica with the immune species V. glauca and N. viscosum. 

The scions in both instances by subsequent inoculations readily be- 
came diseased, but the immune stocks, which were constantly putting 
forth vigorous branches, have never shown indications of the dis- 
ease, although these were growing permanently and intimately in 
contact with the badly diseased scion. Many inoculation experi- 
ments have shown conclusively that the virus of the mosaic scions is 
likewise present in the leaves and shoots of the NV. glauca stock, 
although no visible mosaic symptoms are produced. Furthermore, 
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Fig. 1.—NORMAL AND Mosaic BLOSSOMS OF NICOTIANA TABACUM. 

Top row, normal blossoms. Bottom row, blossoms from mosaic plants showing an ex- 
tremely'depauperate growth of the corollas, so that the stamens and pistils extrude. 
(Greatly reduced.) 

Fic. 2.—SUMATRA TOBACCO PLANT WHICH WAS INOCULATED (AT A) WITH THE 
Mosaic DISEASE. 

The first symptoms of the mosaic disease appeared ataand b. The disease became gen- 
eral at a later period and large basal suckers showed pronounced symptoms of it. 
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Fic. 1.—SCION OF .NICOTIANA GLAUCA (A) WHICH HAS BEEN GRAFTED UPON A MOSAIC 

PLANT OF NICOTIANA RUSTICA (B). 

Although the stock is badly diseased the graft shows no visible symptoms. (Reduced.) 

FIG. 2,—HEALTHY AND MOSAIC PLANTS OF NICOTIANA LONGIFLORA. A, HEALTHY PLANT; 
B, MOSAIC PLANT PRODUCED BY ARTIFICIAL INOCULATION. 

(Greatly reduced.) 
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the mosaic disease can be produced in healthy scions by inoculating 
the virus into the tissues of V. glauca. Plate V, figure 1, shows a 
scion of VV. glauca growing upon a badly diseased stock of V. rustica. 

As to the virulent nature of the sap of the Nzcotcana glauca stock 
bearing the mosaic scion of V. tabacum, the following experiments 
afford conclusive evidence. On February 28 three groups of 25 to 30 
small plants of the species JV. stlvestris were inoculated as follows: 
One group, as a control, was inoculated with the sap of a healthy 
NV. glauca plant. A second group was inoculated with the sap of a 
stock of WV. glauca upon which a mosaic scion of WV. tabacum was 
growing. A third group was inoculated with the juice of the mosaic 
scion itself. On March 11 the control series was perfectly healthy, 
but a considerable number of mosaic plants had appeared in the other 
two groups. On March 21 all the plants in the control lot were 
healthy, while in the remaining two groups practically every plant 
had become infected with the mosaic disease. ‘Throughout the ex- 

periment these plants were carefully screened in a cage so as to ex- . 

clude all insects. 
The above experiment was repeated as follows: Thirteen young 

‘Sumatra plants were inoculated with sap from the same stock of WVico- 
teana glauca, and 10 other plants were inoculated with the sap of a 
healthy plant of V. glauca to serve as controls. On April 1, 10 plants 
of the 13 had developed the disease. Every plant of the control series 
remained healthy. These experiments were repeated several times 
at later dates and further confirmed the results of earlier experiments 
that the sap of the WV. glauca scion carried the mosaic virus. 
Hybrids of several distinct species of Nicotiana also have been ob- 

tained and grown in order to determine their immunity to the mosaic 
disease during the first generation. It was not possible to carry 
the work beyond plants of the first generation, since in every instance 
the plants were absolutely sterile. With a single exception these 
hybrids have not shown the least degree of immunity. In truth, 
owing to their exceptionally rapid and vigorous growth, some of 
these hybrids have proved to be especially good material for the study 
of the disease in all its phases. The following species hybrids have 
been made and tested: 

Nicotiana tabacum 2 X N. silvestris ¢. 
NV. longifiora 2 X N. alata 6. 

N. tabacum 2 X N. glauca 3. 

NV. tabacum 2X NW. viscosum ¢. 

Owing to its extremely rapid and uniform growth, its numerous 
leaves, and the readiness with which it succumbs to the mosaic disease, 
the writer has used the hybrid Vicotiana tabacum 2 < N. silvestris ¢ 
very extensively in the experimental study of the disease. The hybrid 
NV. tabacum 2 XN. glauca 6 also readily succumbs to the disease, 
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although it has been impossible to produce observable mosaic symp- 
toms in the male parent. 

After many trials the writer finally secured an abundance of 
viable seed from a single capsule of Wicotiana tabacum fertilized 
with pollen of V. viscosum. This hybrid, in size of plant, in leaf and 
blossom characters, etc., is an intermediate form between the two 
parents. The most vigorous and persistent methods of inoculating 
the mosaic virus into plants of this hybrid have invariably failed to 
produce observable symptoms of the disease. 

These hybrids, like the male parent, V. viscosum, are attacked by a 
very destructive rot at the points of injury if the mosaic virus is 
punctured into the stems. 

MOSAIC DISEASE IN DIFFERENT SPECIES OF NICOTIANA. 

In the genus Nicotiana the degree of expression of particular 
mosaic symptoms depends to a considerable extent upon the species 
affected with the disease. ms 

All pink-flowered varieties of Nicotiana usually indicate the pres- 
ence of the disease by a more or less conspicuously blotched appear- 
ance of the corollas in addition to various foliage symptoms. So far 
as the writer’s observations extend, no other plants manifest the dis- 
ease in this characteristic manner. 

The mottled phase cf the mosaic disease is particularly pronounced 
in plants of the species Nicotiana longifiora, N. silvestris, and N. 
plumbaginifolia. (Pl. V, fig. 2, and Pl. VI, fig. 1.) This distinctive 
appearance of the foliage in its extreme form occurs in JV. longiflora. 
Likewise, in affected plants of this species the tendency to produce 
abnormally long, sinuous, ribbonlike leaves is especially marked. 
In mosaic plants of the species V. longiflora and J. silvestris, as a 
result of abnormal division in the region of the apical cells, bifur- 
cated leaves not infrequently arise. These forms have not been 
observed in any varieties of V. tabacum affected with the disease. 

Nicotiana rustica (from seed known as the D’Amersfort) by ex- 
perimental inoculation readily becomes affected with the mosaic 
disease. In plants of this species the development of the disease is 
particularly malignant, oftentimes in young plants completely dwarf- 
ing the plants and inhibiting practically all foliage growth and 
flower formation. (PJ. VII.) The mottled phase is less evident in 
mosaic plants of this species than in any other species observed. 
The “savoyed” appearance of the leaves, however, is an especially 
striking feature of mosaic in plants of this species. Directly or in- 
directly, as a result of the disease many affected plants are fre- 
quently attacked by a progressive decay of the tissues, which some- 
times involves the entire plant, killing it to the ground. 
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In affected plagts of the species Vicotiana paniculata the corolla 
tube of the small greenish flowers frequently becomes bent or 
crumpled in the middle. 

VARIETIES AND VARIETAL CROSSES OF NICOTIANA TABACUM. 

In connection with various inoculation experiments with the mosaic 
disease, practically all the distinct varieties of Nicotiana tabacum 
and crosses among them have been used. None of them has shown 
immunity to the disease. The rapidity of development of the disease, 
the intensity of the mosaic markings of the leaves of affected plants, 
etc., are more or less dependent upon the variety, its vigor, the size 
and abundance of the leaves, and their shade of green. The most 
malignant symptoms of the disease are frequently associated with 
the more distinctive White Burley variety. In affected plants of this 
variety badly depauperate and bleached corollas and an intensely 
chlorotic appearance of all the leaves are of common occurrence. 

THE MOSAIC OF TOBACCO PROBABLY DISTINCT FROM POKEWEED 
7 MOSAIC. 

It is a fact of considerable interest to note that pokeweed (Phyto- 
lacca decandra) is attacked by a mosaic disease which produces symp- 
toms in every way similar to those produced by the mosiac disease in 
tobacco plants. Although the mosaic disease of pokeweed is highly 
infectious to healthy pokeweed plants, all experiments to date con- 
firm the statement that the virus of mosaic pokeweed plants does not 
produce mosaic symptoms in tobacco plants. Likewise the virus 
of mosaic tobacco plants has never produced the disease in healthy 
pokeweed plants. 

Healthy pokeweed plants have been repeatedly cut back and in- 
oculated for long periods with the virus of mosaic tobacco plants. 
The same procedure was followed with other pokeweed plants, using 
the virus of mosaic pokeweed. In the first experiment mosaic 
symptoms never appeared. The virus of mosaic pokeweed plants, 
however, produced typical pokeweed mosaic, usually within 15 to 
20 days following inoculation. 

The following experiments show the results of inoculating different 
lots of tobacco plants in pots on the same date, some with the virus 
of mosaic pokeweed plants, others with the mosaic virus from tobacco: 
On June 13, 15 healthy tobacco plants 6 to 8 inches high were inocu- 
lated with tobacco mosaic virus. The first symptoms appeared in 
practically every plant June 22-23, 9 to 10 days later. On June 13, 
28 similar tobacco plants were inoculated with pokeweed mosaic 
virus. Symptoms of disease had not appeared in these plants which 
were left undisturbed until July 11. On that date, 14 of these plants 
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were arranged in 2 rows of 7 each and inoculated with the virus of | 
mosaic tobacco plants. The first mosaic symptoms were showing in 
these plants on July 23. On July 28, the entire 14 plants showed pro- 
nounced mosaic symptoms. With the exception of a single plant, the 
remaining 14 plants which had been inoculated with pokeweed mosaic 
on June 13 were still healthy. These plants came into bloom on 
August 13 and still remained free from the disease, with the exception 
of one or two plants. 

On June 14, 14 similar plants were inoculated with tobacco-mosaic 
virus. The first mosaic symptoms showed in nearly every plant June 
23 and 24, 9 to 10 days later. On June 14, 20 similar plants were 
inoculated with pokeweed mosaic virus. The disease did not develop 
in these plants. 

On August 13, when all the plants were just coming into blossom, 
2 rows of 7 ahs each were selected from the plants treated on June ~ 
13 and 14 with the virus of mosaic pokeweed. One row of 7 plants 
was then inoculated with the mosaic virus of tobacco. The remaining 
row of plants was inoculated with the mosaic virus of pokeweed. On 
August 26, 18 days after inoculation, 6 of the 7 plants receiving the 
virus of tobacco mosaic had developed the disease. The entire lot of 

7 inoculated with the pokeweed mosaic remained free from the disease 
as late as October 9, when seed pods were fully ripened. 

In October, inoculation experiments were again made with tobacco, 
using the virus of mosaic pokeweed and of mosaic tobacco plants. 
On October 10, 20 small Connecticut Broadleaf plants in pots were 
inoculated with the juice of mosaic pokeweed plants. Using the same 
mortar for extracting the juice, 20 similar plants were inoculated’ 
with the virus of mosaic tobacco. The first mosaic symptoms began 
to appear in these plants on October 21, 11 days later. On October 
27, mosaic symptoms had developed in 17 of the 20 plants treated with 
the virus of mosaic tobacco. On the other hand, not a single case of 
the disease appeared in the series of 20 plants treated with pokeweed 

~ mosaic, although these plants were kept under observation until 
February 1, 1913, at which time they had reached complete maturity. 

INCUBATION PERIOD OF THE DISEASE. 

Following inoculation a rather variable period precedes the appear- 
ance of the first visible symptoms. The length of this period depends 

to a considerable extent upon the kind of plant, the age of the plant 
when infected, and such external factors as may retard or accelerate 
growth. 

So far as the writer has been able to learn, eight days, reported by 
Woods, is the shortest period previously absdived between the time 

1 Woods, A. F. Observations on the mosaic disease of tobacco. U. S. Department of 

Agriculture, Bureau of Plant Industry, Bulletin 18, 1902, p. 17. 
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Fig. 1.—HEALTHY AND Mosaic PLANTS OF NICOTIANA SILVESTRIS. A, HEALTHY PLANT; 
B, DISEASED PLANT PRODUCED BY ARTIFICIAL INOCULATION. 

(Greatly reduced.) 

FIG. 2.—HEALTHY AND Mosaic PLANTS OF NICOTIANA TABACUM. A, HEALTHY PLANT; | 
B, Mosaic PLANT, SHOWING SYMPTOMS OF THE DISEASE FOLLOWING INFESTATION | 
WITH APHIDES.. 

Hundreds of mosaic plants were obtained in this manner as a result of aphid infestation. 
(Greatly reduced.) 
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HEALTHY AND MOSAIC PLANTS OF NICOTIANA RUSTICA. A, HEALTHY PLANT; B, DISEASED 
PLANT OF NICOTIANA RUSTICA PRODUCED BY ARTIFICIAL INOCULATION FROM A Dis- 
EASED PLANT OF NICOTIANA TABACUM. 

(Greatly reduced.) 
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of inoculation and the appearance of the first mosaic symptoms. 
Mayer * produced the disease in 10 to 12 days. In the writer’s experi- 

ments the shortest period elapsing between inoculation and the 

expression of the first visible symptoms was six to seven days. In ex- 

periments during the years 1912 and 1913 many hundreds of tobacco 
_ plants were inoculated with the mosaic virus at all stages of growth, 
from the appearance of the cotyledons to complete maturity. The 
results of some of these inoculations are as follows: 

Ten good-sized plants of several American varieties of tobacco inoculated on 

November 18, 1912. First symptoms noted in 16 to 17 days. 

Vive plants of Nicotiana tabacum 2 X N. glauca g inoculated on December 

8, 1912. First symptoms noted in 14 to 15 days. 

One hundred good-sized plants of V. tabacum 2 X N. silvestris 6 inoculated 

on December 8, 1912. First symptoms appeared in 10 to 11 days. 

Four young plants of N. tabacum 2 X WN. glauca 6 inoculated on December 

12, 1912. First symptoms noted in 12 days. 

Six rather large plants inoculated on December 16, 1912. First symptoms 

appeared in 20 days. 

Twelve plants of V. tabacum 2 X N. silvestris ¢ inoculated on December 16, 

1912. First symptoms noted in 20 days. 

Nine Broadleaf plants inoculated on December 21, 1912. First symptoms 

appeared in about 15 days. 

Nine young plants of Connecticut Broadleaf inoculated on December 26, 1912. 

First symptoms appeared in 11 days. 

Twelve full-sized, nearly mature tobacco plants inoculated on February 8, 

1912. First symptoms noted in 12 to 15 days. 

Sixty-six small tobacco plants inoculated on May 8, 1912. First symptoms 

were showing in nearly every plant on May 14 to 15, i. e., 6 to 7 days following 

inoculation. 

Hight plants of Nicotiana paniculata inoculated May 10, 1912, showed first 

observable symptoms 20 days later. 

Twenty-nine young tobacco plants inoculated on June 14, 1912, showed first 

observable symptoms in practically all within 9 to 10 days. 

Seventy young, vigorous tobacco plants inoculated on March 28, 1912, showed 

first observable symptoms in 6 to 7 days. 

Thirty young plants inoculated on December 9, 1912, showed practically every 

plant diseased January 10 to 11, about 30 days later. ‘These plants were grown 

in a very cool greenhouse, so that the rate of growth of the plants was very slow. 

Thirty young.plants inoculated on January 4, 1913, showed first symptoms 

18 to 20 days later. 

Six or seven days probably is about the minimum period required 
to show the first visible mosaic symptoms in tobacco at whatever 
stage of growth the plants are inoculated. The disease manifests 
visible symptoms usually after 12 to 15 days. Low temperature con- 
ditions that generally retard growth appear indirectly to retard the 
visible expression of symptoms, which are usually associated with 
actively growing cells and tissues. 

1Mayer, Adolf. Op. cit. 

13128°—Bull. 40—14——-3, 
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Numerous experiments have shown that the disease develops very 
readily in 10 or 12 days in large, vigorous plants inoculated just 
prior to blossoming or even after all blossoms have ceased to appear 
in the flower head of the main stalk. The progress of the disease is 
then coincident with the development of suckers at one point or an- 
other on the plant. 

DISTRIBUTION OF VIRUS IN DISEASED PLANTS. 

As already pointed out, obvious symptoms of the mosaic disease 
do not necessarily appear simultaneously in all the leaves and branches 
of an affected plant. If nearly mature plants become affected with 
the disease, the topmost leaves and suckers usually develop unmis- 
iakable symptoms, while the lowermost mature leaves always remain 
perfectly normal in appearance. In many instances a single sucker 
at the base of a plant becomes typically diseased, while at the same 
time others growing beside it show no symptoms whatever. Although 
it has been proved experimentally many times that the sap of mosaic 
leaves contains an infectious virus, it has not been definitely shown 
that this virus may reside in all parts of the affected plants. 
Many inoculation experiments made by the writer have shown con- 

clusively that the apparently healthy lower leaves, the roots, and even 
the corollas of mosaic plants contain the virus of the disease. 
On December 26, 1911, 27 young, healthy Connecticut Broadleaf 

plants growing in 4-inch pots were arranged in 3 series of 9 each. 
One series was inoculated with the sap of the apparently healthy 
lower teaves of a plant indicating mosaic disease in only the small 
leaves at the top. The second series was inoculated with the sap of the 
topmost mosaic leaves of this same plant. The third series, which 
served as a control, was inoculated with the sap of a healthy plant. 
The inoculations in each plant of the three series were made in iden- 
tically the same manner by puncturing the leaf blade and midrib of 
one or two leaves. When examined on January 6, 12 days after inoc- 
ulation, all 9 plants of the series treated with the sap of the topmost 
mosaic leaves had developed the disease. Of the 9 plants in the series 
inoculated with the sap of the apparently healthy lower leaves of the 

same plant 6 had developed the disease. The 9 controls were per- 
fectly healthy. When examined about a week later each series re- 
mained as before. 

On January 5 this experiment was repeated, using 4 series of 8 
or 9 plants each. All plants were inoculated alike at two points by 
placing the virus upon the stub of a leaf which had been cut off and 
by puncturing the leaf blade of a second leaf, as follows: 

Nine plants were inoculated with the sap of the mosaic topmost leaves of 

a diseased plant. 

Eight plants were inoculated with the sap of the apparently healthy lower- 

most leaves of a diseased plant. 
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Hight plants were inoculated with the sap of the roots of a diseased plant. 

Nine plants were inoculated with the sap of a healthy plant. : 

When examined 16 days later 8 out of 9 plants in the series inocu- 
lated with the mosaic topmost leaves of the diseased plant were badly 
diseased. Of the 8 plants inoculated with the sap of the appar- 
ently healthy lowermest leaves of this plant, 5 had also developed the 
disease. Of the 8 plants inoculated with the juice of the roots, 6 
plants had become diseased. ‘The 9 controls treated with the juice 
of a healthy plant remained healthy. 

Incculations made with the juice of corollas of mosaic plants were 
carried out in the following manner: Three series of 9 plants each 

were arranged for the experiment. ‘These plants were grown in 
4-inch pots and were of the same age, size, and variety as those used 
in the two preceding tests. The plants of each series were inoculated 
alike on June 11 by puncturing two or three leaf blades. 

. Nine plants were inoculated with the sap of mosaic leaves of a diseased 

plant. 

Nine plants were inoculated with the sap of the corollas of this same plant. 
Nine plants were inoculated with the sap of a healthy plant, as a control. 

In 11 days (June 22) all of the 9 plants inoculated with juice 
expressed from corollas of the mosaic plant had become diseased; 
likewise all of the 9 plants of the series treated with the mosaic 
leaves of this same plant were diseased, but the 9 controls receiving 
the healthy juice remained healthy. 

Similar results were again obtained in a second experiment. On 
March 28, 20 young Sumatra plants growing in small pots were ar- 
ranged in two rows of 10 each. One series of 10 plants was inoculated 
with the expressed juice of corollas of a mosaic plant; the second 
group of 10, serving as controls, was inoculated in the same manner 
with the expressed juice of corollas of a healthy plant. On April 15, 
6 of the 10 plants receiving the sap from corollas of a mosaic plant 
had developed the malady. The 10 controls remained free from dis- 
ease. 

Various similar experiments have always confirmed these results. 
Tt is evident at once that an active infectious principle resides in all 
parts of mosaic plants, although such plants frequently indicate only 
local symptoms of the disease. 

DISSEMINATION OF VIRUS FROM THE POINT OF INOCULATION. 

If the mosaic virus is pricked into a leaf of a healthy tobacco plant, 
an infectious principle disseminates itself from this point into all 
parts of the plant. The following experiment gives some idea of the 
rate of dissemination of the virus from the point of inoculation: 

Seventy young, vigorous Connecticut Broadleaf plants growing in 
pots were arranged in 7 rows of 10 plants each. On March 28, 1912, _ 

4 
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two leaves of every plant were inoculated in exactly the same manner 
by injecting the virus into each leaf at two points, one on each side 
of the midrib. These punctures were made toward the apex of the 
leaf, about two-thirds the distance from the base to the tip. 
By grasping each leaf near the apex and snapping it off quickly at 

the point where the petiole joins the stem, the two inoculated leaves 
were carefully removed from a row of 10 plants on each successive 
day beginning with March 29. Using this method of detaching the 
leaves, accidental infection could not be conveyed by the hand to the 
exposed surface of the severed petiole. 

By removing these two inoculated leaves on successive days the fol- 
lowing results were obtained : 

Row 1. Two leaves removed March 29; all plants remained healthy. 

Row 2. Two leaves removed March 380; all plants remained healthy. 

Row 3. Two leaves removed March 31; all plants remained healthy. 

Row 4. Two leaves removed April 1; two plants only developed the disease. 

Row 5. Two leaves removed April 2; eight plants became diseased. 

Row 6. Two leaves removed April 8; eight plants became diseased. The 

symptoms began showing in some of these plants on April 3, the day the 

leaves were removed.: 

Row 7. The inoculated leaves of row 7 were not removed, since eight of the 

plants were already diseased on April 4. 

The results in row 3 indicate that the virus had not passed into 

the stem from the inoculated leaves which were removed three days 
after inoculation, since none of these plants developed the disease. 
Allowing the inoculated leaves to remain on the plant four days from 
inoculation in some instances gave the virus time to pass into the 
stem. Al] removals later than this failed to prevent the development. 
of the disease in the plants, showing that the virus had already passed 
_from the leaves into the main stem. 

Experiments have shown that the sap obtained from infected plants 
between the time of inoculation and prior to the appearance of the 
first observable symptoms will produce the disease in healthy plants. 

During the writer’s experiments the disease developed throughout 
a series of controls following inoculation with the sap of a sup- 
posedly healthy plant. Since this plant itself very soon developed 
symptoms, it is clear that the sap having been obtained during the 
incubation period of the disease in this plant contained the mosaic 
virus, the disease coming into expression later. 

DURATION OF THE DISEASE IN AFFECTED PLANTS. 

As the result of their observations of the mosaic disease, Beije- 
rinck and Woods have mentioned that plants under certain con- 
ditions sometimes appeared to recover from the disease.1_ Lode- 

1 Some practical growers have claimed that the disease can be checked if taken at its 

first appearance by pulling affected plants until they are loosened from the soil. There 

is little in this view, however, to recommend its general adoption, 
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wijks+ claims to have effected a complete cure by treatment with 
blue light. The young, mosaic portions of the treated plants were 
covered, while at the same time the lower apparently healthy leaves 
were subjected to blue light. He states that the blue light stimu- 
lated the healthy leaves to produce an antivirus which destroys or 
renders inert the virus of the disease. Lodewijks also stated that red 
light decreased the disease and that suffused light checked it. If the 
malady in question was true infectious mosaic disease, one is inclined 
to believe that covering the young plants temporarily reduced the 
color contrasts of the mottled areas. These changes may have led 
Lodewijks to conclude that a partial or a complete cure had been 
effected in his experiments. 

In the writer’s experimental tests many thousands of affected 
plants have been kept under observation throughout all phases of 
the disease. In no instance has there been a case of actual recovery 
from true mosaic disease. Independent of all external conditions, 
the disease remains more or less in evidence so long as the plant 
continues to grow. Likewise the writer has never known a plant 
of Nicotiana tabacum to die prematurely as a direct result of the 
disease. Conditions favorable or unfavorable to vigorous growth 
affect mosaic and healthy tobacco plants in much the same manner. 
In fact, the most pronounced mosaic symptoms develop only in 
well-nourished, succulent, rapidly growing plants, which at maturity 
also are capable of supporting a vigorous secondary (sucker) growth. 

In a seed-bed experiment mosaic plants which had become affected 
when very small, even though growing in a poor soil, badly crowded, 
and insufficiently. watered, at the end of five months were still main- 

taining themselves and elongating slowly in spite of the injurious 
effects of the disease. Several of the more vigorous plants had out- 
stripped their fellows by a few inches and were preparing to put 
forth some blossoms. Other tiny plants were completely hidden 
beneath the thickly crowded leaves of the more vigorous individuals. 
The leaves of these stunted and overcrowded plants affected with 

the disease, although distinctly blotched with dark-green areas, were 
little, if at all, “blistered ” or “savoyed.” Under conditions form- 
ing rapid and vigorous growth these dark-green areas usually pro- 
duce pronounced surface swellings. 

No curative treatment has been found for the mosaic disease of 
tobacco. Gile,? working with pineapple chlorosis in Porto Rico, 
showed that this condition was completely overcome so long as 

1 Lodewijks, J. A., jr. Zur Mosaikkrankheit des Tabaks. Recueil des Travaux Néer- 

landais, v. 7, p. 107-129. Abstract in Botanisches Centralblatt, Bd. 114, No. 20, p. 518, 

1910. 
2Gile, P. L. Relation of calcareous soils to pineapple chlorosis. Porto Rico Agricul- 

tural Experiment Station, Bulletin 11, p. 33, 2 pl., 1911. 
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solutions of iron salts were applied to the leaves. Likewise, crystals 
of ferrous sulphate appled to the roots were effective. In the 
writer’s experiments with tobacco, mosaic leaves in some instances 
have been painted with a 1 to 2 per cent solution of ferrous sulphate. 
This solution in different strengths has been introduced into the leaf 
tissues and other parts of mosaic plants. In no instance has this 
treatment produced any noticeable effect in checking the subsequent 
course of the disease. Keeping mosaic plants in darkness serves to 
induce marked chlorosis, which merely diminishes to some extent the 
color contrasts in mottled leaves. 

Although it does not appear possible to free a plant from the 
mosaic disease, the expression of obvious symptoms depends almost 
entirely upon the treatment which affected plants receive. During the 
progress of the malady in small, stunted plants the leaves, when 
young, are sometimes so slightly changed in appearance that many 
of these finally appear to outgrow all traces of the disease. In such 
plants this feeble and transitory expression of the disease makes it 
appear as if there were a gradual migration of obvious symptoms 
toward the top of the plant. 
On the other hand, a rapid and extensive development of symptoms 

is coincident with rapid growth. Likewise, conditions which retard 
growth must of necessity check the further appearance of mosaic 
leaves and branches. 

EXCISION EXPERIMENTS WITH DISEASED PLANTS. 

Various excision experiments have shown that the complete re- 
moval by antiseptic methods of all portions of a plant showing 
visible mosaic symptoms does not rid the plant of the disease. Pro- 
nounced symptoms later appear in other growing portions of plants 
thus treated. The excision of mosaic branches sometimes seems 
actually to hasten the appearance of pronounced symptoms of the 
disease in branches previously normal inappearance. Plants showing 
mosaic symptoms only in the topmost leaves or even in the blossoms 
alone may be cut completely to the ground, yet mosaic symptoms, 
often of the most malignant character, again appear in the shoots 
which arise from these stubs. 

SOME PROPERTIES OF THE VIRUS OF THE DISEASE. 

The sap of mosaic plants is highly infectious to all healthy sus- 
ceptible plants. An extremely minute quantity of the virus in- 
jected into the tissues is capable of initiating the disease. Tests 
have also shown that simply pouring the sap of mosaic plants liber- 
ally upon the leaves of healthy plants is oftentimes sufficient to 
communicate the disease. 
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Mayer has shown that the mosaic virus is killed near a temperature 
of 176° F. Iwanowski? first demonstrated that the sap of mosaic 
plants was still infectious after passing through a Chamberland 
filter. Beijerinck? and Koning? later obtained the same results. 
Beijerinck* states that he found the unfiltered juice, volume for 
volume, more effective than the filtered. The writer has filtered the 
virus through a Berkfeld filter, but the perfectly clear filtrate remains 
as highly infectious as the unfiltered sap. Just how long this filtered 
sap will retain its virulence has not been determined. Tests by the 
writer show that it was still infectious after being bottled for four 
months. Beijerinck, also, found the filtered sap infectious after being 
kept more than three months and mentions that weak solutions of 
formalin did not kill the virus, while heating to the boiling point 
did. Beijerinck found that dried mosaic leaves retained their infec- 
tious qualities for two years. The writer has found that air-dried 
mosaic material, ground and bottled, was still highly infectious at 
the end of 18 months. In fact, inoculation with dried material mixed 

and macerated with water appears to be the surest method of com- 
municating the disease to healthy plants. 

Experiments with fresh mosaic leaves placed in soil in large pots 
kept out of doors during the winter of 1911-12 seem to indicate that 
the virus in this condition retained its infectious properties to some 
extent. It was thought that these leaves would decay, but the con- 
tinuous, severe freezing weather evidently kept this process in check. 
Portions of these buried leaves, practically dry and green in color, 
were ground into a paste with water and pricked into young, healthy 
plants. The results of inoculations were far less certain than with 
fresh juice or bottled mosaic material. Healthy leaves left out of 
doors under the same conditions did not produce the disease at any 
time. - 

Numerous experiments have also shown that the mosaic virus pre- 
served in ether, toluene, or glycerin retains its infectious properties 
for a considerable length of time. The mosaic virus preserved as 
follows was still infectious to healthy plants on March 5: 

10 ¢. ec. virus-+1 ec. ec toluene prepared December 9. 

1 Twanowski, D. Ueber zwei Krankheiten der Tabakspflanze. Land- und Forst- 

wirtschaft, 1892. (Russisch.) Abstract in Beihefte, Botanisches Centralblatt, Jahrg. 3 
p. 266-268, 1893. (Original not seen.) 

2 Beijerinck, M. W. Ueber ein Contagium vivum fluidum als Ursache der Fleckenkrank- 

heit der Tabaksblatter. Verhandelingen, Koninklijke Akademie van Wetenschappen, Am- 
sterdam, sect. 2, deel 6, no. 5, 22 p. 2 pl., 1898. Abstract in Centralblatt fiir Bakteri- 

ologie [ete.], Abt. 2, Bd. 5, No. 1, p. 27-33, 1899. 

3 Koning, C. J. Die Fiecken- oder Mosaikkrankheit des hollidischen Tabaks. Zeitschrift 

fiir Pflanzenkrankheiten, Bd. 9, Heft 2, p. 65-80, fig. 1-2, pl. 2, 1899. 

* Beijerinck, M. W. De l’existence d’un principe contagieux vivant fluide, agent de la 

nielle des feuilles de tabac. Archives Néerlandaises des Sciences Exactes et Naturelles, 

8. 2, t. 3, livr. 2, p. 164-186, pl. 5-6, 1899. 

’ 
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8 c. c. virus+1 ¢. c. ether prepared December 9 (ether again added Deceu- 

ber 26). 

5 ¢c. ¢. virus+20 ¢. ec. glycerin prepared December 9. 

8 ec. ec. virus+5 e. ec. toluene prepared January 4. 

6 c. ec. virus+6 ec. ¢. glycerin prepared January 4. 

The original bottled sap used in these preparations and allowed to 
undergo free fermentation was also infectious on March 5. Earlier 
experiments have shown that bottled mosaic sap alone, after under- 
going fermentation, is able 4 or 5 months later to produce infection. 
Tests with fermented bottled virus kept for 15 months did not pro- 
duce infection. 

It is evident that the active causative agents in the sap of mosaic 
plants show a high degree of resistance to the ordinary destructive 
agencies. 

ROOT INOCULATION WITH THE DISEASE. 

The writer’s experiments show conclusively that the mosaic dis- 
ease may be communicated to healthy plants by direct inoculation 
of the virus into the roots. Several methods of root inoculation have 
been tested. In some instances young plants have been pulled up and 
their roots dipped into the sap of mosaic plants. The treated plants 
were then reset. In other instances, the plants were pulled up and 
their roots dusted with dried finely ground mosaic material before 
resetting. Other plants when very young were transplanted into 
healthy soil, and when these plants had become well established the 
soil was romored from some of the roots and mosaic sap poured upon 
the broken surfaces from a pipette. 

In whatever manner the roots were treated with the virus, the 
disease usually developed in the plants after 10 or 12 days. The 
roots of a plant pulled forcibly from the ground are always more or 
less broken, so that the virus in most instances probably came 
directly in contact with the broken ends. Root inoculation, how- 
ever, does not seem to be as certain to produce the mosaic disease in 
plants as inoculation through the leaf tissues. 

SOIL INFECTION WITH THE DISEASE, 

All experimental data at hand indicate that the occurrence of the 
mosaic disease in the seed bed is not so closely associated with soil 
infection as has been supposed. 

The following method has been used to test the effects of germi- 
nating and growing tobacco plants in badly infected soil material: 
Square, tightly made frames of wood 10 or 12 inches deep and with- 
out bottoms were set into a carefully prepared, light, friable soil to 
a depth of 2 to 3 inches. In some of these frames green mosaic 
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material, consisting of stem and leaves, was finely chopped into the 
soil and covered with a shallow layer of fine soil. Others, serving 
as controls, were given the same soil preparation without the addi- 
tion of plant material. These frames were kept carefully screened 
until the plants outgrew them. As soon as the young plants ap- 
peared fumigations with nicotine were made from time to time to 
prevent infestation by aphides. The size of each frame, the amount 
of green mosaic stems and leaves chopped into the soil, and the 
occurrence of the mosaic disease in each are shown below. The 
plants were kept under observation at all stages of development until 
the close of each test. 

Frame No. 1, control, 18 inches square; nothing put into the soil; seed sowed 

August 9. When examined on October 6 the plants were growing vigorously 

and all were healthy. On December 9 the plants, 36 in number, were 2 feet 

tall, mostly in bloom, and all healthy but one, which had developed the mosaic 

disease. 

Frame No. 2, 18 inches square; 2,000 grams mosaic stems and leaves chopped 

into the soil; seed sowed August 9. On October 6 the plants were larger, of a 

darker green, and more thrifty than the control frame No. 1. They were 12 

to 18 inches high and badly crowded, conditions probably due to the fertilizing 

effect of the decomposed plant material originally added to the soil. When 

examined on December 9 the 45 plants were 3 to 4 feet high and many were in 

bloom; all, from the smallest to the largest, were free from disease. 

Frame No. 3, control, 18 inches square; nothing added; seed sowed August 9. 

On October 6 the plants, 30 to 35 in number, were 7 to 8 inches high, dark 

green, and free from disease. When examined again on December 9 the plants 

were 2 to 4 feet high, many were in bloom, and all were free from disease. 

Frame No. 4, 18 inches square; 3,000 grams of green mosaic stalks and leaves 

chopped into the soil; seed sowed August 20. On October 6 the plants, although 

thickly crowded, were 4 to 5 inches high and very green and healthy. Nota 

single case of mosaic disease was evident. On December 9 the 75 plants aver- 

aged 2 to 23 feet high, growing under badly crowded conditions; many plants 

were budding. No mosaic disease appeared. 

Frame No. 5, 18 inches square; 2,500 grams of mosaic material added to the 

soil; seed sowed August 20. On October 6 the plants were 3 to 4 inches high 

and badly crowded; none diseased. On December 9, 30 plants were counted; 

all were about 2 feet in height and preparing to blossom; none diseased. 

Frame No. 6, control, 18 inches square; nothing added to the soil; seed sowed 

August 20. On October 6 the plants, although crowded badly, were 3 to 4 

inches high and free from disease. On December 9 the plants, 45 in number, 

were about 2 feet high and just ready to bloom; none diseased. 

Frame No: 7, 10 inches square; 1,230 grams of green mosaic material added 

to the soil; seed sowed August 19.#On October 6, 40 to 50 plants, averaging 

4 to 5 inches high, were growing in this space; badly crowded, yet none dis- 

eased. On December 9 there were 35 plants, ranging from 6 inches to 3 feet 

8 inches high. The largest plants were in bloom; others were budded; no 

disease developed. 

Frame No. 8, control to frame No. 7, 10 inches square; nothing added; seed 

sowed August 19. On October 6 the plants were about 3 inches high and all 

healthy. On December 9 these plants were still free from disease, and their 

average height was 18 inches, a few reaching the maximum height of 2 feet. 
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The plants in this frame were considerably smaller than those in frame No. 7, 

which had received the stems, etc. 

In addition to the above tests, which were made under greenhouse 
conditions, the following were made in the same manner, out of doors, 
in the experimental tobacco plat: 

Frame No. 9, 2 feet square; 2,200 grams of mosaic material chopped into the 

soil; seed sowed August 4. On October 9 the plants, between 100 and 200 in 

number, were 10 to 11 inches high; all were healthy but one, which had become 

diseased and was carefully removed. On October 19 the plants were 12 to 15 

inches high. One more plant had become diseased. The rest were fine, healthy 

plants. 

Frame No. 10, control, 2 feet square; seed sowed August 4. On October 9 

the plants, several hundred in number, were 10 to 11 inches high and all healthy. 

On October 19, 2 plants in this control frame were diseased. It is interesting 

to note here that the mosaic plants in both frames were infested with aphides. 

Throughout the season these aphides were present on the tobacco plants grow- 

ing immediately around frames Nos. 9 and 10. Practically all the plants in 

this field became diseased following infestation. Since the screens protecting 

these frames were removed on September 27, it is not surprising that these 

aphides should appear on the young plants. 

Many other tests of growing plants in infected soils have been 
made in addition to these mentioned. Although large quantities of 
green material have in some instances been added to the soil, this 
very quickly decomposes and incorporates itself with the soil mate- 
rial. In no instance has an outbreak of mosaic disease appeared in 
plants germinated and grown in such soils. Plants when young have 
been pulled and transplanted from infected soils to healthy soils, 
where they were allowed to blossom, in oxder to simulate practical. 
methods of handling plants from soils supposedly infected. Out of 
20 or 30 plants thus handled not a single plant developed the disease. 

ORIGIN OF THE DISEASE DEPENDENT UPON SPECIFIC INFECTION. 

Although earlier investigators have concluded that a true infectious 
mosaic condition can be induced by simply cutting back the plants, 
the writer’s experiments do not support this conclusion. 
Many tobacco plants have been used to determine whether the 

operation of severely cutting them back can in itself produce an in- 
fectious mosaic disease. Good-sized individual plants were grown in 
a screened inclosure, fumigated frequently to prevent infestation by 
aphides, and cut back at frequent intervals. 

Tobacco plant “A,” in a screened cage, was-cut back on January 
31, February 24, March 8, and March 25. This plant continued 
healthy. 

In other experiments tobacco plants were allowed to germinate and 

to grow thickly crowded in carefully screened cages, which were 
fumigated from time to time. These plants were cut back at frequent 
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intervals from the time the plants were 2 or 3 inches high. The oper- 
ation of cutting back was continued as long as the plants were 
capable of making growth. 

In cage No. 1, 35 plants were cut back on March 8, March 21, March 
28, April 10, April 23, May 11, and May 28. These plants remained 
free from disease. 

In cage No. 2, 25 plants were cut back on March 21, March 28, April 

10, April 23, May 11, May 28, and June 25. These plants were still 
free from disease on July 5. 

All experiments indicate that plants may be cut back indefinitely 
if they are free from the mosaic disease at the time of cutting and the 
infectious principle of the disease is not accidentally introduced dur- 
ing the progress of the experiments. Certain precautions, however, 
must be very carefully observed. The plants must at all times be kept 
screened and fumigated to exclude aphides and other insects. All 
instruments must also be very thoroughly sterilized before cutting 

back each plant. A flame has afforded the quickest and surest means 
of sterilizing these instruments. 

“INSECTS AS CARRIERS OF THE DISEASE. 

In the course of the writer’s greenhouse experiments with tobacco 
it was observed that the occurrence of the mosaic disease was asso- 
ciated with aphid infestation. When certain colonies of these aphides 
were introduced into cages containing healthy plants it was found 
that the disease usually developed in every infested plant. (PI. VI, 
fig. 2.) On the other hand, control tobacco plants never developed 
the disease if they were grown in screened cages fumigated at short 
intervals to prevent aphid infestation. 

Whether other insects than aphides disseminate mosaic infection 
to healthy plants yet remains to be determined. This phase of the 
question has been taken up by the Bureau of Entomology. 

During the season of 1912 the occurrence of the mosaic disease 
in tobacco plants in the seed bed and in the field at Arlington, 
Va., was unquestionably associated with infestation of the plants 
by aphides of the species Macrosiphum tabaci Perg. <A small colony 
of these insects early established itself at a single point in the 
seed bed. Somewhat later the disease developed in plants at this 
point. Shortly after plants from this bed were transplanted to 
the field one or two sporadic cases of the mosaic disease came into 
evidence. The lower leaves of these diseased plants were infested 
with the aphides. These insects sooner or later began to appear 
beneath the lowermost leaves of practically every healthy plant in 
the field. At the same time mosaic infection spread rapidly through- 
out the field until the greater portion of all the plants had developed 
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the disease. Although these aphides were very common on the under 
side of the ground leaves during early summer, it was interesting 
to note that very few could be found a few weeks later. 

The occurrence of the mosaic disease in the tobacco seed beds and 
later in the field at Arlington can not readily be explained on any 
other grounds than that of transmission by insects. The seed beds 
were prepared from a good soil, largely mixed with clean sand. This 
prepared soil was uniform throughout and had never been used 
before. Nor can the widespread eccurrence of the disease through- 
out the field during the season of 1912 be attributed to mosaic refuse 
from any previous tobacco crop, since the only crop of tobacco pre- 
viously produced by this field, at least in recent years, was grown in 
1911, and during that season only a very small portion of the field 
was devoted to tobacco. 

WINTER SURVIVAL OF MOSAIC INFECTION. 

It would seem to be pretty clearly established that specific infection 
is wholly responsible for the occurrence of the mosaic disease of 
tobacco. During an outbreak of the disease an infectious principle 
in some manner must be carried from plant to plant. Since it has 
been shown that aphides are sometimes responsible for the spread 
of the disease, the question arises as to how this infectious principle 
survives the winter. Whether it can be carried over the winter by 
hibernating insects yet remains to be determined, but it is hoped that 
through cooperation with the Bureau of Entomology definite evidence 
may be obtained on the point. 

There is strong evidence in support of the conclusion that the mosaic 

disease in an affected perennial, such as Solanum carolinense, persists 
throughout the life of the plant. In the roots of such plants the 
mosaic disease of tobacco doubtless is sometimes carried over the 
winter. Although the writer has examined many hundreds of plants 
of S. carolinense in various localities, with the exception of the 
mosaic plant of S. carolinense previously referred to, every plant has 
appeared to be free from the disease. It must be kept in mind, 
however, that it is frequently very hard to discern external symptoms 
of the disease in plants of this species. No other susceptible species 
of the Solanacee has shown such slight symptoms of the disease as 
S. carolinense. 

It is of some interest here to consider the mosaic disease which 
affects the perennial pokeweed (Phytolacca decandra). The writer 
has observed that the disease persists from year to year in affected 
plants of this species. Although all aerial portions of these plants 
perish during the winter, the infectious principle responsible for the 
disease is preserved in the underground portions until the following 
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spring, when the expression of the disease is coincident with the 
growth of new shoots. On several occasions the writer has observed 
on these plants the occurrence in large numbers of aphides, which 
may serve as an important agency in the dissemination of this 
disease. 

OCCURRENCE OF THE DISEASE UNDER PRACTICAL FIELD CONDITIONS. 

So far as is known, the mosaic disease of tobacco occurs to a greater 
or less extent in all countries where tobacco is grown. Mosaic plants 
may first appear in the seed bed, or at any stage of growth after the 
plants have been transplanted to the field. The extent of injury 
caused by the disease depends very largely upon the age of the plants 
at the time the disease manifests itself. 

Not infrequently plants which appear healthy when cut down at 
maturity give rise to mosaic sucker growths from the stubs through- 
out a field. This late development and widespread occurrence of the 
disease might be explained as due to the fact that the instrument 
used to cut the plants carried infection from mosaic to healthy plants 
during the process of cutting the stalks. Priming the leaves also 
would serve to cause a widespread development of the disease in 
sucker growths appearing very late in the season after the period of 
harvesting. 

The greatest injury is caused when the disease develops in young 
plants, since these are as a result usually much dwarfed in all their 
parts. The development of the disease in plants that are nearly 
mature may in itself result in little or no loss to the grower, on account 
of normal leaf growth having been already attained. It is a common 
impression among many growers, however, that mosaic plants are 
much more susceptible to rust, so that in the end this secondary effect 
may sometimes occasion great loss. 

In the field, the relative distribution of mosaic and healthy plants 
is sometimes very peculiar. It is claimed that only alternate plants 
in the rows throughout a field sometimes develop symptoms. It is 
very evident that field conditions can not account for this peculiar 
occurrence of the disease. Such uniformity in the distribution of 
mosaic plants can be explained in only two ways. Since two men 
riding on a setting machine drop plants alternately in the row, it 
may be conceived that one man’s hands have become badly infected 
in some way, so that the alternate plants, being the ones which he 
has dropped, later develop the disease; but it is more reasonable to 
believe that all the plants in the lot dropped by the one man have 
been pulled from an infected portion of the seed bed. 

Although the opinion seems to be quite generally held that the 
refuse of mosaic plants plowed into the soil may be responsible for 
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the disease, there is little evidence to support this view. The fact 
is well established, however, that the occurrence of mosaic in both 
the seed bed and the field may bear no relation whatever to a previous 
outbreak. It has frequently been observed that an epidemic of the 
disease may occur on new land as well as on land long devoted to 
tobacco. Both in seed beds and in the field the sporadic occurrence 
of symptoms is one of the most striking facts connected with the 
history of the disease. This feature of the disease, together with the 
fact of its highly infectious nature, has always proved a most serious 
obstacle confronting all theories which have attempted to account 
for the mosaic disease on a purely physiological basis. 

METHODS OF CONTROL. 

While conducting various greenhouse experiments with tobacco 
during the season of 1911-12, the writer found it almost impossible 
to grow plants which did not sooner or later become mosaic. At this 
time it was observed that practically all the plants were infested with 
aphides and that these insects were responsible for the occurrence 
of the disease. By careful experiment it was later shown that cer- 
tain colonies of these insects were the active disseminators of the 
disease. 

In order to secure conditions in every way favorable to the develop- 

ment of mosaic in all unprotected plants, fumigations were with- 
held until the entire house was overrun with aphides. Large num- 
bers of young tobacco plants were then grown in isolation cages 
screened with a fine cloth to exclude these insects. At frequent- 
intervals the inclosed plants were also fumigated with nicotine paper. 
By observing such precautions it proved to be an easy matter to 
grow plants free from the mosaic disease for any length of time. 

Since these preliminary experiments were made, the writer, by 
keeping the greenhouses thoroughly fumigated against: aphides, has 
grown many thousands of healthy tobacco plants during a period of 

six months without the occurrence of a single sporadic case of the 
mosaic disease. Throughout this period mosaic plants were growing 
on every side in connection with various inoculation studies, yet it 
was found quite unnecessary to isolate or to screen healthy plants so 
long as fumigation was continued. 

Although all evidence at hand indicates that the mosaic disease _ 
can be readily controlled under greenhouse conditions, practical 
means of preventing its occurrence in the seed bed by similar methods 

of procedure have not been attempted. This phase of the question is 
now under investigation in cooperation with the Bureau of Ento- 
mology. 

In any consideration of the control of mosaic under practical grow- 
ing conditions two phases of the question present themselves. One is 
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concerned with the origin of the disease in the seed bed ; the other with 
the origin and spread of the disease in the field. Observations at Ar- 
lington, Va., during the season of 1912, indicate that if suitable insect 
carriers are active, mosaic plants in a field serve as a source of infec- 

tion to all surrounding healthy plants. Should the origin of these 
diseased plants trace back directly to the seed bed, it is plain that any 
means of keeping mosaic infection from seed beds is at the same time 
a most important means of controlling the introduction and possible 
spread of the disease in the field. Should the disease originate 
directly in the field, the matter of successful control would be very 
difficult. . 

In various field experiments different investigators have shown 
conclusively that laborers in the practical operations of worming, 
suckering, and topping tobacco plants readily communicate infection 
from diseased to healthy plants. For this reason it is evident that the 
prompt removal of all mosaic plants is a most important means of 

preventing the spread of the disease in the field by human agencies. 
Since insect agencies may also act as carriers of infection in the field, 
the early removal of mosaic plants serves as an important check to 

the spread of the disease from this source. In whatever manner in- 
fection may be carried to healthy plants, it is obvious that mosaic 
plants must always be considered infection centers so long as they 
are allowed to remain in a field. 

NATURE OF THE DISEASE. 

Various theories have been advanced to explain the primary origin 
of the mosaic disease of tobacco. The view most generally accepted 
defines the disease as a disturbance of the enzymatic equilibrium in- 
duced by unfavorable conditions of growth. An enzymatic disease, 
is physiological in its nature, has it origin within the protoplasmic 
complex, and results in a serious and sometimes permanent impair- 
megt of the assimilative functions. 
Although it has been shown by previous workers that the oxidase 

and peroxidase content of mosaic leaves is higher than in normal, 
healthy plants, this fact alone does not warrant its being considered 
the initial cause of the disease, for it might well be an effect rather 
than a cause. If it be considered that oxidases play an essential 
part in the metabolism of the plant, it would seem reasonable to sup- 
pose that the living cells suffering from lack of nutrition as a result 
of the disease in question would be stimulated to secrete an increased 
quantity of these enzyms, for it is a well-recognized physiological 
principle that cells suffering from lack of nourishment develop an in- 
creased amount of enzyms. It has been shown in the Office of To- 
bacco and Plant-Nutrition Investigation, for example, that during 



32, BULLETIN 40, U. S. DEPARTMENT OF AGRICULTURK. 

the process of curing, the diastatic activity of tobacco leaves is greatly 
increased, since under these conditions the leaf cells are undergoing 
gradual starvation. 

As a matter of fact, Bunzel, from a biochemical study of the 
curly-top of sugar beets, a malady in many respects similar to the 
mosaic disease of tobacco, has recently shown that an abnormally 
high oxidase content is not necessarily a function of the disease, since 
his investigations show that plants subjected to various abnormal 
growing conditions, such as drought, overwatering, etc., develop a 
higher oxidase content than normal plants growing under favorable 
conditions. It is apparent, then, that a high oxidase content simply 
indicates disturbed metabolism arising from any one of a variety of 
unrelated causes. 

Although purely physiological mosaic symptoms attended by 
chlorosis and various morphological changes in the leaves have been 
induced in tobacco plants by submitting them to sudden temperature 
changes, by severely cutting them back, etc., such disturbances are 
never infectious and do not usually persist under favorable condi- 
tions of growth. In the light of recent facts brought out in our ex- 
periments it is hard to see how the mosaic disease of tobacco can be 
logically placed in the category of purely physiological disturbances. 
The theory of parasitism accounts for the primary origin of the dis- 
ease more consistently than the enzymatic hypothesis. 

SUMMARY. 

The mosaic disease of tobacco is communicable to a great variety. 
of solanaceous plants. A number of species appear to be immune to 
the disease. In the susceptible group some species show a far greater 
degree of resistance to infection than otbers. The disease does not 
seem to be communicable to plants of other families. Although quite 

- similar in many respects, the mosaic disease of pokeweed appears to 
be distinct from the mosaic disease of tobacco. Both diseases are 
readily communicable to plants of their kind. 

The incubation period of the mosaic disease is variable, depending 
upon conditions favorable or unfavorable to the growth of the plants. 
The mosaic virus permeates all parts of the plant, including the roots 
and corollas as well as the foliage. The virus does not infect the 
embryos of seed produced by mosaic mother plants; therefore, such 
seeds produce healthy plants. 
By artificial inoculation the mosaic disease can be induced to mani- 

fest itself, at first locally. In the course of time, however, the disease 
always becomes generalized. 

1Bunzel, H. H. Biochemical study of the curly-top of sugar beets. U. S. Depart- 

ment of Agriculture, Bureau of Plant Industry, Bulletin 277, 28 p., 1913. 
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The visible expression of the disease is only an incidental feature 
of obscure pathogenic conditions within the plant and is considerably 
modified by external conditions. 

Scions of Vicotiana glauca grafted upon mosaic stocks of V. tabac- 
um show that the sap of V. glauca carries the virus even though this 
species does not manifest visible symptoms. Solanum carolinense fre- 
quently shows very slight visible symptoms. The character and in- 
tensity of the symptoms depend considerably upon the morphologi- 
cal structure of the leaf. Symptoms are more marked in thin, tender- 
leaved plants. 

The mosaic disease, once initiated, becomes a progressive, incurable 
malady. Although many individuals escape the disease from a single 
inoculation, no plant of a susceptible species appears to be perma- 
nently immune. 

The sap of mosaic plants after passing through a filter still retains 
its infectious properties. Mosaic material ground and dried retained 
its virulence 14 years. The virus preserved by ether, toluene, and 
glycerin was virulent four months later, as was also the original 
juice, which had been allowed to undergo natural fermentation during 
this time. ¢ 

Certain species of aphides are active disseminators of the mosaic 
disease. Not all sucking insects appear to act as carriers of infection. 
In greenhouses, where the disease is frequently very troublesome, the 
writer has kept it under complete control by frequent fumigations 
with nicotine to exclude aphides. 

Observations in the field have shown that aphides of certain species 
May sometimes be responsible for the occurrence of the disease in 
the seed bed and its subsequent spread in the field. 

Methods of controlling the mosaic disease of tobacco by fumigation 
have not been attempted for practical growing conditions. If the 
disease originates in the field after the plants have been transplanted, 
its practical control will be exceedingly difficult. 

The simple processes of cutting back, frequent repotting, or other- 
wise subjecting plants to unfavorable conditions of growth are not 
sufficient to produce infectious mosaic symptoms. All facts indicate 
that the development of the disease depends entirely upon specific 
infection. The disease is not in any sense an air-borne contagion. 
Although unbalanced enzymatic activities and physiological toxins 

have been considered responsible for the origin of the disease, these 
theories do not harmonize with all the facts at hand. Although or- 
ganisms responsible for the mosaic disease have not yet been isolated, 
parasitism offers the more plausible explanation of the ultimate cause 
of the disease. 

O 

WASHINGTON : GOVERNMENT PRINTING OFFICH : 1913 
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By E. H. THomson, Agriculturist, and H. M. Drxon, Scientific Assistant, Office 

of Farm Management. 

INTRODUCTION. ! 

Farm management treats of the business of farming. A farm- 
management survey has for its purpose a study of the profits of the 
individual farmer to determine the factors that control his income. 

Agriculture to be progressive must be profitable. As farming is a 
business involving both capital and labor, the farmer should receive 
a fair income on his investment as well as wages for his labor. Many 
farmers receive no wages for their wofk, due largely to poor farm 

organization or from following types of agriculture unsuited to their 
particular region. 

Successful farming is an individual, economic problem. The farm 
is a combination of enterprises, and their individual organization will 

determine in a large measure its profitableness. 

The corn-belt States excel almost all other regions in wealth of 
farm products. On rich soil with ample rainfall a system of agri- 
culture is found that is unequaled as an example of the expansive 
type of farming. This type is developed on the basis of the farm 
work horse as the means of motive power. To attain its highest 
efficiency, this type calls for expansion in farming area. Such a type 
is in direct contrast to the agriculture of the countries of southern 
Europe or of Belgium, where man and not the horse furnishes the 

labor. The American type is based on the product per man, the 
- European on the product per acre of land. 

In the summer of 1911 the Office of Farm Management of the 
Bureau of Plant Industry, United States Department of Agriculture, 
made a farm-management survey of certain districts in Indiana, Ih- 

nois, and Iowa. The results of this survey, which are outlined in this 

Acknowledgment is due to Messrs. H. F. Williams, EH. L. Currier, E. M. McGrew, 

O. S. Rayner, and C. Wensel, who assisted in collecting the data presented in this bul- 

Jetin. Thanks are also extended to the many farmers in the regions studied through 

whose courtesy this work was made possible, 
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bulletin, include data from about 700 farms. It is fully realized that 

further studies, embracing larger areas in each State, are necessary 

before definite statements can be made regarding certain points. 
However, the information gathered furnishes almost conclusive proof 
with respect to many phases of farm organization. 

The results pertaining to the size of the farm in its relation to 
operating costs and the profits received are particularly valuable. 
It would be highly desirable to make a survey of the same regions for 
several successive years. If such data were obtained, however, it is 
believed that the conclusions would be the same as those from the 
one year’s study. A possible exception might be the conclusions rela- 
tive to the best paying type of farming. Extreme fluctuation in 
prices may make some crops unprofitable at certain times. Potatoes 
and peaches are two excellent illustrations of this. 

Checking the results of any one year with the average prices for a 
period of years permits fairly accurate conclusions. Investigations 
made in different years and in widely separated States all point to 
the same general principles that apparently control a successful farm. 

METHOD OF WORK. 

The data presented were obtained by having trained investigators 
who were thoroughly familiar with the agriculture in each district 
personally visit the farmers. Every farmer in the area selected for 
study was interviewed and a record of the year’s business obtained. 
In this way, by including all the farms in a certain area, average 
results were secured. 

Experience has proved that one can not select farms which repre- 
sent the average of a community. Good farm buildings and neatly 
kept fences are not always sure sigfs of profitable farming. 

Certain questions are difficult for the farmer to answer and in a 
few instances his answer may be considerably in error. This trouble 
is eliminated by the fact that some men will underestimate, while 
others will overestimate the facts. The average is approximately 
correct. Only those results are included where there is a sufficient 
number of instances to insure reasonable accuracy. 

The farmer knows more about his business than most people give 
him credit for. Even though he keeps no records he is capable of 
giving a very close estimate on all those things with which he is 
familiar. 
Farm data gathered by the survey method of study* are unques- 

tionably as accurate as need be for all practical purposes. 

1 Warren, G. F., Livermore, K. C., and others, An agricultural survey—townships of 

Ithaca, Dryden, Danby, and Lansing, Tompkins County, New York. New York Cornell 

Agricultural Experiment Station, Bulletin 295, pp. 375-569, figs. 147-201, 1911. 

Thomson, BE. H. Agricultural survey of four townships in southern New Hampshire. 

U. S. Department of Agriculture, Bureau of Plant Industry, Circular 75, 19 pp., 3 figs., 

1911. 
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LOCATION AND DESCRIPTION OF THE AREAS STUDIED. 

Three districts, one each in Indiana, [llnois, and Lowa, were se- 
lected for the farm-management study, the approximate location of 
each being shown in figure 1. In choosing these areas an effort was 
made to have as uniform farm conditions as possible in each region. 
The soil and type of farming have a decided bearing on the profit- 
ableness of agriculture in a region. ‘These factors were carefully con- 
sidered. Owing to differences in land values and to the general sys- 
tem of farming it was not possible to secure three areas in separate . 
States that would be similar in all respects. The aim was to have 
each district representative of the agricultural conditions prevail- 
ing over a large area. 

Wie, 1.—Map of Iowa, Illinois, and Indiana, showing the location of the areas studied. 

Corn, oats, wheat, and hay were the crops universally grown in the 
districts studied, corn being the predominating crop in all of the 
districts. Hogs and cattle, with a few sheep, constituted the produc- 
tive live stock. 

~ DESCRIPTION OF THE INDIANA AREA. 

In Indiana three adjoining townships—Forest, Johnson, and 
Prairie—were selected. This region is in Clinton and Tipton coun- 
ties, about 40 miles north of Indianapolis. The nearest city of con- 
siderable size is Frankfort. Practically all of the farm produce sold 
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was shipped out of the counties, there being no local market of any 
consequence. 

This area is one of the oldest settled regions in the central part of 
the State. The land was originally covered with heavy hardwood 
timber, except for a few strips locally known as prairie soil. The 
land is level to slightly rolling, being cut up in some places by 
sluggish streams. The soil is a dark, rich loam and under good 
management is very productive. After the land was cleared large 
areas were too wet to cultivate well, but extensive systems of tile 
drainage have overcome this difficulty. Many farms have miles of 
tile drains running through them. . 

General farming is followed in almost all cases. In a few sections 
canning factories have developed,-and this encourages some truck 
growing. This type is usually confined to small farms near towns cr 
cities. The average size of the 277 farms studied was 112.8 acres. 
Of this area 86 per cent was tillable, 9.2 per cent was in woods, and 
4.5 per cent in waste land. Roads, streams, swamps, etc., are included 
in the waste area. 

The important crops are corn, oats, wheat, hay, and clover seed. 

Of the rented farms 38 per cent of the tillable area and 36 per cent of 
that on the farms managed by the owners were incorn. Oats occupied 
19 per cent, wheat 11 per cent, first and second year clover and tim- 
othy mixed, each 8 per cent, and pasture, not permanent, 13 per cent. 

The prevailing rotation was corn two or three years, oats, wheat, 
clover and timothy mixed, and pasture. Few men follow a definite 
rotation on their entire farm, certain fields often being kept in corn 
for several years. Generally the corn and hay were fed, oats, wheat, 
and clover seed being the crops sold. 

On the farms studied practically no beef cattle were raised and 
only a few were purchased and fed. Hogs were the most important 
of the productive live stock. 

Farm buildings, as a rule, were well built and neatly kept. The 
fences were unusually good, the farmers seeming to take a pride in 
this method of farm improvement. 

Practically all the roads in this region were graveled, there being 
only a few of the original dirt roads, which are almost impassable in 

the early spring. The building of the graveled roads has been a 
heavy expense to these farming districts and has been one of the 
causes of high taxes. The region as a whole is more prosperous and 
enterprising than some other sections of the State. 

DESCRIPTION OF THE ILLINOIS AREA. 

In Illinois the district selected comprised an area of approxi- 
mately 110 square miles in the southern part of Cass and Menard 
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Counties. Among others it included the townships of Virginia, 
Ashland, and Tallula. -By railroad the area is about 200 miles from 

Chicago and 100 miles from St. Louis. All of the produce sold is 
shipped-out of the district. 

The land, except along the streams, is prairie soil. It is a sticky 
black loam, common to large areas in the central part of the State. 
Figure 2 shows the general character of the country. It lies very 
level in places and is likely to be wet unless tile-drained. Nearly all 
farms have excellent systems of tile drainage, which have rendered 
the soil one of the most productive in America. The continuous 
cropping of corn for over 50 years, although having its effect, is 
almost unnoticeable. With any reasonable regard to the conservation 
of fertility, this soil would seem almost inexhaustible. Corn, oats, 

Fic. 2.—A typical harvest scene in central Illinois. 

and wheat are the important crops. Very little hay is grown, and this 
is largely clover. The second crop of clover is cut for seed. 

The average size of the 196 farms studied was 240 acres. Of this 
95 per cent is tillable, 3 per cent is in woods, and 2 per cent in waste 
land. 

The area in corn per farm was 97 acres, the proportion on the 
tenant farms being about 10 per cent greater than on the farms 
operated by owners. Oats occupied 34 acres and wheat the same. 
The area in hay was small, being only 13 acres on the owners’ farms 
and 7 acres on those rented. The area in permanent pasture was 

greater than that in wheat, except on the tenant farms, where it con- 
stituted one-half as much. 
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The rotation followed by a few men was corn three years, oats, 
and wheat. Clover seed was sown in the wheat. This generally 
makes a good growth the same year, after the wheat is cut. It was 
usually plowed under the same fall or the following spring on these 
farms and was not allowed to grow a crop of hay. Several farms had 
fields where corn had been grown almost continuously for a number 
of years. 

The plan generally followed was to plant as much corn as could 
be taken care of during the rush season. Other crops, such as wheat 
and oats, were used to fill in. Oats are generally recognized as being 
an unprofitable crop on such high-priced land. 
A large number of live stock was kept on some farms. The feeding 

of cattle, hogs, mules, and horses gave an important source of 

income. Still other farmers were strictly grain growers, keeping 
no stock except the necessary work animals. 

The farm buildings were ample and well kept. The fields were 
unusually large, with hedge fences bordering them. 

Considering the high price of land in that district, not as much 
care as one might expect is exercised in utilizing it, there being con- 
siderable waste areas along the fences and other places. 

The roads are not graveled, except in a few instances. In wet 
weather they are very bad, owing to the thick, tenacious, claylike 

soil, 
The farmers in the area studied are thrifty and are hard workers. 

They know how to utilize machinery effectively so as to handle large 
“areas, one man and team being expected to take care of 60 acres of 
corn. " 

DESCRIPTION OF THE IOWA AREA. 

In Iowa the townships of Willow, Greenbrier, and Highland, in 
the counties of Guthrie and Greene, were selected. This area is 
about 50 miles northwest of Des Moines and on the Chicago and 
Omaha line of the Chicago, Milwaukee, & St. Paul Railroad. 

The region has not been settled as long as either the one in Illinois 
or thatin Indiana. Being prairie land with timber growth only along 
the streams, it is a fertile and productive agricultural district. In 
some places it is very rolling, steep hills being not uncommon. The 
rough areas are confined to the southern part, particularly to Guthrie 

County. 
The soil is a dark, rich loam and is very poorly drained in the more 

level areas. Tile-drainage projects have opened up thousands of 
acres in that vicinity within the last few years. 

Corn, oats, and hay are the main crops. Wheat is sown, but not 

extensively. 
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The average size of the 227 farms studied was 186 acres. Of this 
area 91 per cent was tillable. Approximately one-half ‘of the crop 
land was in corn, the other half being in oats and hay.. Nearly 30 per 
cent of the tillable area was used for pasture. 

The rotation that was often followed was corn (two to three years), 
oats, clover and timothy hay. 

Beef cattle and hogs constitute the most important part of the 
farm business. Large numbers of western steers are purchased and 
fed, while in the hilly sections, distant from a railroad, a few cattle 
are raised. 

The selling of corn is generally confined to the farms on the level 
lowlands and near the stations. Many of the farms are far from 
market and, although the roads are fairly good, transportation is 
an important factor. 

DEFINITIONS OF TERMS USED IN THIS SURVEY REPORT. 

In order to present the data clearly, certain terms which will be 
used throughout the discussion are defined below. It is important 
that the reader thoroughiy understand these, as they will materially 
assist in the interpretation of the results. 
Farm capital—The farm capital is the average at the beginning 

and at the end of the year of the value of all real estate, improve- 
ments, machinery, live stock, feed and supplies, and cash necessary 
to carry on the farm business. It includes the value of the farm- 

house, but not the household furnishings. 
Receipts.—The farm receipts include the amount received from the 

sale of all farm products and also the receipts from outside labor, 
rent of buildings, etc. If the value of buildings, stock, produce, or 
equipment is greater at the end of the year than at the beginning, 
the difference is considered a receipt. 
Hapenses——The farm expenses represent the amount of money 

paid out during the year to carry on the farm business. If the 
value of buildings, stock, produce, or equipment at the end of the 
vear is less than at the beginning, this loss is considered an expense. 
Household or personal expenses are not included, except the value 
of board furnished to hired help. 

Farm income.—The farm income is the difference between the re- 
ceipts and expenses. It represents the amount of money available 
for the farmer’s living, provided he has no interest to pay on mort- 

gages or other debts. 
Labor income.—The labor income is the amount that the farm oper- 

ator has left for his labor after 5 per cent interest on the average capi- 
tal is deducted from the farm income. It represents what he “aged 
as a result of his year’s labor after the earning power of his capital 

~ 
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has been deducted. In addition to the labor income the operator 
received a house to live in, fuel (when cut from the farm), garden 
products, milk, butter, eggs, ete. The labor income corresponds to 
what a hired man receives when he is given so much cash wages, 
together with beard and room. : 

Farm owner.—The term “ farm owner ” is applied to the man who 

works or manages the farm he owns. . 
Owner additional—The term “ owner additional ” is used to desig- 

nate the man who owns a farm and rents additional land. 
Landlord.—The landlord is the owner of a farm which is rented 

to a tenant. . 

Tenant.—The tenant is the person operating a farm rented from 
one landlord. 

Tenant additional—tThe term “ tenant additional” applies to the 
person operating land rented from more than one landlord. 
Number and kinds of farms studied.—In the total area studied in 

the three States 700 complete farm records were secured. These 
were divided into four classes, according to the method of manage- 
ment. The farms operated by owners numbered 273. None of these 
men rented additional land, but worked only the farms they owned. 

The farms operated by tenants numbered 247, each farm being owned 
by one landlord, whese income from that farm was determined. The 
third class comprised a group of farmers, 126 in all, who owned one 
farm and rented additional land. They tock this means of having 
the use of more land than they actually owned. The fourth class, 
51 in number, is made up of a few tenants who rented land from two 
er more landlords. These were not included in the tabulations with 
the other tenant farmers who operated only one farm. 

Of the 700 farms studied, 57 per cent were operated by owners 
and 43 per cent by tenants. Table I gives the number and classifica- 

_tion of the records taken in each of the States. 

Tasie I.—Number and classification of farms studied in Indiana, Illinois, end 
Towa, 

= 

Classification of farms. Indiana. | Illinois. | Iowa. 

Farms operated by— 
OWGOrs: Pst sted oo cee Sto Ue 4 ee te oe Se CALLE. So 5c eee 123 73 77 
Menanis 2 Ache coco woe n oe oe oe ln a Coe eee eae ee eee 83 7Al 93 
Owners who rented additionalland. .2... 0/02... 8654 oS ee tee 56 36 37 
Tenants, but owned by two or more landlords...................---»-.- 15 > 16 20 

sl Wa | ie aap ee pe ba Sales Ee eae ee ove bee ate Setar aoe ae ale Ree Diao 196 227 

INFLUENCE OF CLIMATE ON RESULTS. 

In studying the profits of a region certain factors which may exert 
a marked influence must be noted. It has been conclusively demon- 
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strated that the rainfall during the months of July and August de- 
termines to a large extent the yield of corn. 

Figure 3 shows 
the average monthly 
maoncall tor. 10 
years, as well as for 
the year 1910. 

In Illinois and 
Indiana the year 
may be said to be 
normal in almost all 
climatic respects. 
In Iowa a drought 3° 

in early summer 4 
caused a shortage in iS 25 

the returns of pos- RB 
sibly 20 percent be- & ° 

~ 

low normal. The & 

effects of this we 
drought were most te s AN i 
noticeable on the | SES 
COLI ~CrO oy AME 2\E= 7 = 7 = 

prices of live stock O ~J/" 
SPRINGFIELD, /LL1NO/S. 

AVERAGE MONTHLY PRECIPITATION, 190/-1910 [NELUSIVE. 

a= ——MONTHLY PRECIPITATION, 19/0. 

Fie. 3.—Chart showing a comparison of the rainfall in 1919 

with the 10-year average for each district surveyed. 

and grain are dis 
cussed on page 31. 
These had a marked 
effect on the profits 
derived from the two types of farming. 

FARM PROFITS. 

INCOMES RECEIVED BY FARM OWNERS. 

The average capital, receipts, expenditures, and labor incomes for 
the 273 farms operated by owners are given in Table II. 

TABLE II.—Average area, capital, receipts, expenses, and profits on 273 farms 
operated by owners in Indiana, Illinois, and Towa. 

Grand 
e aa aad = toval or Item. Indiana. | Illinois. lowa. general 

average. 

Motalenimiberofiarm sa. ere eee eevee, | Visite 123 73 77 273 
ANSTSID ED BIKER IC Aes Ne a See eee ee ay ae me a el eI acres... 105 253 176 178 

STORES CO/DIG I AGES tame Shae eee Eee aac eR f= aaa | $17,535 | $51,091 | $23,193 | $30, 606 
PAW ERAS OTOCC ID LSE seer seen ey ae alee eae eI Ue Nae: ee ei | 1,876 5, 042 2, 308 3, 076 
PAV GEAR CO KPCMSCS Leb ents maar iaen aan see ate be goed ne eae eee ete | 689 1, 866 858 1,138 
PAW eELAP ea hMOviN COME (een eee, 2 see = eh es eee 1, 187 3, 176 1, 450 1,938 
PRVCTAPCMMFENES taltro eI CeMba sss) se2 8 see 2a seen 877 2, 504 1, 159 1, 530 
Average owmer’silaborincome:.—-2£2..2._--.- 22-2. +. -212--)-s.- 310 622 291 408 

1The value of unpaid family labor, except the operator’s, has been added in with«the other farm ex- 
penses. It is equivalent to the amount that would have been paid to hired help had not the family done 
the work. The average amount per farm was $86 in Indiana, $127 in Illinois, and $101 in Iowa. 

13131°—14——_2 
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The average capital per farm is $17,535 in Indiana and nearly three 
times that amount in Illinois. This difference is due to much larger 
farms and higher value of land per acre in the latter State. 

The receipts per farm in all three regions approximate one-tenth 
of the capital invested. 
The farm income, which represents the income earned by the com- 

bined forces of labor and capital, is the amount available to the farmer 
for his living and savings, provided he had no interest to pay on any 
mortgage or other debt. 

Deducting 5 per cent interest on the average capital leaves an 
average labor income of $408 for the 273 farm owners. This income, 

in addition to the food products furnished by the farm, represents 
the farmer’s salary as manager of the business. It is evident that 
these men are receiving only a moderate sum for their year’s work. 
If they sold their farms at inventory value and invested the money 
in good securities at 5 per cent the interest alone on a capital of 
$30,600 would return them $1,530. In addition to this, they would 

have the amount they were able to earn at other work. 
The assertion that farmers are making large profits is erroneous. 

They are living on the earnings of their investment and not on the real 
profits of the farm. A farmer having an investment of $20,000, with 

no mortgage, may receive a minus labor income, yet have nearly 
$1,000 as interest on which to live. It is assumed in this discussion 
that capital should return 5 per cent before allowing the farmer any- 
thing for his labor. 

VARIATION IN THE LABOR INCOMES OF OWNERS. 

In Table III the farms are divided according to the labor income 
received. Each group gives the number of men who made labor 
incomes ranging from minus $500 and more to over $5,000. 

TaBLE III.—Variation in labor incomes on 273 farms operated by owners in 
Indiana, Illinois, and Iowa. 

i Percent- Percent- 

Labor income received. baleen cna Labor income received. meer ase of 

number. number. 

—$D00 AUG IMNOLC!<-1422 sees. = 26 QF9N S801 toil, 000) aaa eee 13 4.7 
—$499 to —3200............... 23 8: 451 $1,004 toSl S00Rse scene aeeeee 19 6.9 
—SLOOTO'S0 Soc rce cae de teeemcs 40 14. fet) 2,001 TO'S2, 000% = cere ene 10 3.6 
SULO S20UR se toe eee 53 19/4 S2500L To $3 ,0005 ee ae seeeeecee 5 1.8 
SLULTO SIO ee co eee es bo8 34 12.41) $3,001 to $5,000... 2 Jee ee ee 3 1.1 
$401 to $600........ Fost ee sé 23 8.4 || $5,000 and over. ........ Were 4 1.4 
SHOLLO S800 2 ssa oat eae. 20 7.3 

One farmer out of every 22 received a labor income of over $2,000 
a year. One farmer out of every three paid for the privilege of 
working his farm, that is, after deducting 5 per cent interest on his 
investment he failed to make a plus labor income. 
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INCOMES RECEIVED BY FARM TENANTS. 

There are few regions in the United States where tenant farming 
has been developed so extensively and where it plays such an impor- 
tant part in agricultural production as in the corn belt. The per- 
centage of farms worked by tenants is second only to those operated 
by owners, and the areas farmed and the products grown compare 
very favorably with those of the farm owners. 

In the region covered by this survey, records were secured from 247 
tenant farmers. These men rented one farm, or land owned by one 
person. There were 51 other tenants who rented farms from two 
different parties. Their records show the same results, which have 
not been included-in Table IV. 

Tapre LV.—Average capital, receipts, expenses, and profits of tenants on 247 
farms operated by tenants in Indiana, Illinois, and Iowa. 

« 

Indiana | Illinois Iowa Average 
Item. (83 (71 (93 247 

farms). | farms). | farms). | farms). 

ANKTIDES Ge), 2 sbaSdaasen ones anes eens one eSera aaeaes acres. - 128 202 187 172 

ANSACTEE YEAS) (02) OMI eae ey Se eres eo nee eee ae $1, 758 $2, 867 $2, 667 $2, 431 
JAS STEBUELS) INS CEA | OS) pe jen a eo ee aE 1,335 2,257 1, 605 1, 732 
AVGEEIR® Gq UGGS. 2 Gene Sere Beare Series oe fare ee iam See me 492 975 755 740 
Average farm income. -....--.----- 843 1, 282 850 992 
Average interest at 5 per cent 88 143 134 122 
Average tenant’s labor income -..-..-----.----------- Bik 5 755 1, 139 716 870 

Most tenants hope to become farm owners as soon as they have 
sufficient capital. The income they receive while leasing a farm is a 
measure of the period they will have to work before making the 
change. The average tenant in Indiana, with an investment of 
$1,758, received $755 for his year’s work. In Illinois, with an invest- 
ment of $2,867, he received $1,139 as a labor income. In Iowa, with 
an average capital of $2,667, his labor income was $716. Owing to 
drought in early summer, the income of the tenant in Iowa was prob- 
ably 20 per cent less than it would have been in a normal crop year. 

The 247 tenant farmers made an average labor income of $870 

from an investment of less than $2,500. When it is remembered that 

the farm owners with over 12 times this investment made less than 
half the labor income of the tenants, the evidence is unmistakable 
that the man with small capital should rent rather than buy a farm. 

For the amount invested, the tenant’s income is very much greater 
than that of the farm owner. The sum available for the family liv- 
ing, however, is smaller in the case of the tenant, for the farm owner, 

with an average capital of $30,606 (see Table IT), has $1,530 interest 
to use, as well as the $408 labor income. Thus, if the farm owner 
is free of debt, as one-half of them are, he has $1,938 available for 
a living, as compared with the tenant’s $992, 

a | 
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In addition to this sum available for a living, each has what the 
farm furnishes in the shape of produce. After the tenant pays his 
living and personal expenses out of this amount his savings can not 
be large. If we allow the owners 3.5 per cent on their investment 
instead of 5 per cent they would then receive approximately the 
same labor income as the tenants ($870). This percentage is the 
same as that received by the landlords frcm the rented farms. Tak- 

ing into consideration the results from all the farms managed by 
owners and by tenants, they show that a return can be expected of 
2.5 per cent on the investment and a labor income of $870. 

Seasonal variation and fluctuating prices have a marked influence 
on the profits from farming in the districts studied. The average 
price received for corn sold by the landlords of the 247 tenant farms 
was 41 cents, and a drop of 5 cents alone would have reduced the 
income 6 per cent. . . 

INCOMES RECEIVED BY LANDLORDS. 

The farm, in the case of the landlord, is a business investment. 

He furnishes the capital, largely in the form of land, and the tenant. 
furnishes the necessary labor and other means for its operation. The 
average investment of the 247 landlords for the three States studied 
was $25,210. The average net income cn the capital invested was 
3.5 per cent. All items of expense, including repairs, seeds, taxes, 
and insurance, were deducted before figuring the net returns. Table 
V gives the average capital, receipts, expenses, and returns for the 
landlords in each State. 

TABLE V.—Average capital, receipts, expenses, and profits of landlords for 247 
farms operated by tenants, as shown in Table IV. 

Indiana | Illinois Iowa | Average 
Item. (83 (71 (93 (247 

farms). farms). | farms). | farms). 

Average area....---.----- CSE a Aor a ste «=o 4c acres... 128 202 187 172 

Ayérage capital its i5) {LOS SES: ee eee $18, 423 | $36,479 | $20,728] $25,210 
IAN CLAPBTOCOIDIG ene 2 ate lac oan ee ee he eee ee 1, 002 1,538 1,014 1, 185 
BVCTALE CXPCUSCS = = sire ae een oe ee ao = Be neat ae 3a1 213 354 306 
Average: farit SrCOme = ose a Sarena ae op oe eee ee ce 651 1,325 660 879 

Average profit on investment 1................- per cent... 3.53 3.64 3. 19 3.5 

| Obtained by dividing the farm income by the average capital. 

The average return on investment from the farms in Illinois was 
3.6 per cent, in Lowa 3.2 per cent, and in Indiana 3.5 per cent. The 

income is a moderate return on the large capital, considering the 
enormous rise in land values during the past 10 years. In computing 
this income no credit has been allowed for the rise in value of real 

estate, except in case of actual improvements, 
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There has been a marked tendency throughout the entire country 

to consider the farm more and more as a business proposition. The 
landlord who is receiving 3.5 per cent net from his farm, with the 
bare land figured at $150 or more an acre, has a good, safe invest- 

ment. It would seem from the results that if the year studied was 

a normal one, land in the corn belt is not overvalued. Changes in 
the price of the staple products, such as corn or oats, or material 
changes in the cost of production of these crops would be reflected 
in the price of farm land. Unless the price of corn becomes much 
higher for the next period of years, a pronounced increase in the value 
of land in this region can not be expected. 

The advisability of buying a farm as an investment with the 
intention of not living on it is often a perplexing question. 

VARIATION IN THE PROFITS OF LANDLORDS. 

Table VI gives the variation in the landlords’ returns in the three 
States studied. 

TABLE VI.—Varidtion in profits of landlords on 247 tenant farms in Indiana, 
; Illinois, and Iowa. 

| i] | 
Percent- || z Percent- 

Landlord’s profit on invest- Sas age | Landlord’s profit on invest- Se age 
ment (per cent). onde of total ment (per cent). ends of total 

: number. * | number. 

essipinan lates a es: 6 DRA PA Tato von Sasa Ve NERS ee he 4 52 MER 42 | 17.0 
TN) Doe Poe B een 20 Sea Gelato. Gi cs ees eeekes boeesosaeeee 13 5.3 
ZU) Gi= ee Scan tee Cee eee 75 SOPAe ING atone see Reese hee eon oe 7 2.8 
Still (i) i eg, See ee a 78 LG |\)- ceelisu Oni eres aoe emo ieee 6 2.4 

Out of 247 men 6 received less than 1 per cent on their invest- 
ments. ‘The same number received between 7 and 8 per cent; none 

received over 8 per cent. It is clear that no phenomenal returns 
can be expected from capital put in farm land in those States at 
the present time. It is believed that the data in Table VI are a 
very good indication of the returns one may expect from a farm 
investment in those districts. The chances of making more than 5 
per cent are about 1 in 10. 

BANKERS’ ESTIMATES OF FARM PROFITS. 

In the corn-belt States one is nearly always referred to the locad 
banker for information concerning the farmers of the region. The 
banker is considered good authority on all questions relating to the 
farmer’s business, his income, investment, etc. Inquiry relative to 
the incomes of the farmers was made of the cashiers of 90 banks in 
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the regions studied. 
are given in Table VII. 

Fifty-three replies were received and the results 

TABLE VII.—Bankers’ estimates of farmer's. profits compared with facts brought 
out by the survey. 

Landlord’s profit on 
farminyestment (per | Tenant’s labor income. 
cent). 

State, 

Bankers’ Hioturns ies Bankers’ tHPIeS 28 
estimate. Y | estimate. y 

survey. survey. 

Indiana ® seat ais te eos sass se eee a ee 4, 20 3.53 $625 $755 
Mlinois-75:t 2 ees be Te Pe es PES ee Pe fee 4.91 3.64 691 1, 139 
Towa 62 ies: ose oe ee eee ee Eee 4.06 3.19 656 716 

SAL OPS 2 Ol Sees CR ne AR ata eS Ot Re Se 4.91 3.50 657 870 

These estimates, although not agreeing identically with the results 
as found by the survey, are exceedingly interesting. The bankers 
believed that the landlords were getting about 1.4 per cent more than 
they were and the tenants $213 less than they were. Thus, the 
bankers’ estimates of the total income from the rented farms com- 
pares very closely with the results of our investigations. 

Inquiry was also made as to the interest that the farmers would 
receive if they sold their farms and placed their money in the bank. 
The average rate given is 3.7 per cent. This nearly corresponds with 
the returns that the landlords are actually receiving from their 
capital invested. It also agrees with the income of the farm owners, 
if we allow them the same labor income that the tenants receive. 

The average value per acre of the land (including buildings) in 
the three States is approximately $145 in Indiana, $175 in Illinois, 
and $111 in Iowa. The profits which are shown in the preceding 
tables are figured on this basis. 

INCOMES OF FARM OWNERS WHO RENT ADDITIONAL LAND. 

The stages that almost every farmer goes through in becoming a 
farm owner are, first, as a hired man; second, as a tenant; third, as an > 
owner. In addition, there is another step that many men take in 
acquiring farms of sufficient size to give them comfortable incomes. 
Many men are able to own a small farm but feel the need of having 
a larger area to work. By renting additional land, usually parts of 
an adjoining farm, they utilize their labor and work horses to better 
advantage and receive greater returns, without any appreciable in- 
crease in investment. Table VIII gives the capital, receipts, expenses, 
and labor income for 129 farmers who are following this method. ~ 
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TABLE VIII.—Average capital, receipts, expenses, and profits on 129 farms 
operated by owners renting additional land. 

Indiana | Illinois Towa Average 
Item. (56 (36 (37 (129 

farms). | farms). | farms). | farms). 

ANSFORGNED CEST ES SS es et Nalin > Sa $11,321 | $32,382) $17,829 $20,510 
PRVOHAC CIOCOUD LSaetae lane ee Set eee eh co RE ee il 1, 780 4,279 2, 228 2, 762 
PNUMCEA COLO MPOSCS Bese heey. a eta aero aad oc. oe a 742 1,599 887 1,076 
PVC CO ANIM COME sp yeas pia Soe eee eet eines oe Shoe seems 1,038 2, 680 1,341 1,686 
A erape IMteNeSt ab oper CCMU-) 22-22-62 -- 52-4 -- 22-2 es-s ne: 2 566 1,619 891 1,025 
Average operator’s labor income. -......-..-.----.------------- 472 1,061 450 661 

With $10,000 less invested than is shown by the owners operating 
only their own land, the labor income of these owners additional is 
over $250 greater than that of the farm owners. ‘The average size 
of the farm owned was 105 acres, and 78 acres additional were rented. 

Where it is possible, this method. permits a farmer to have a home 
of his own and at the same time a good-sized farm business with 
a comparatively small investment. It is an intermediate step be- 
tween tenant and owner. 

DISTRIBUTION OF FARM RECEIPTS. 

_ The farm receipts are derived mainly from crops and live stock. 
The proportion received from each varies with the method of opera- 
tion as to whether run by owner or tenant, as well.as with the type 
of farming followed. In Indiana 48 per cent of the total income 
received by the owners was from the sale of live stock, while the ten- 
ants received only 36 per cent from this source. In Illinois cattle 
and hogs were fed in much larger numbers, the income of the owners 

from live stock being 60 per cent of the total receipts. On the ten- 
ant farms 50 per cent of the receipts was from the sale of crops and 
36 per cent from the sale of stock. 

In Table IX the distribution of the receipts for both owners and 
tenants is given. 

TABLE [X.—Distribution of farm receipts to landlord and tenant on 247 farms 
operated by owners and tenants in Indiana, Illinois, and Iowa. 

Operated by tenants (247 farms). 

Operated by own- 
ers (273 farms). 

avi landlo sa Landlord only. Tenant only. 
Source of income. : , 

Percent- Percent- Percent- Percent- 
Receipts.| age of | Receipts.| age of | Receipts.| ageof | Receipts.) age of 

total. total. total. total. 

(ropes ees sak: $858 270) || GNSRE 49.3 $677 57.1 $657 37.9 
LOCKE seach ow. 1,715 55. 8 778 28.8 128 10.8 649 37.5 
Stock products. ...... 143 4.6 111 4.1 8 etl 103 5.9 
Increased inventory. . 331 10.8 459 17.0 158 13.3 301 “17.4 
WAWOLS Eases sch eae 26 .8 20 ahi mataeeetse (Saeoraocec 20 ey? 
Miscellaneous........ 3 ail 2 Lal ene ee | een ee 2 aul 
OBS i nt gga cosboSwau loeneeteE sal lecepeesuce Eaeeeeaeme Iasoocssese 214 PS las Aes sl eee ee 

Average or total. 3,076 100.0 2, 703 100.0 1,185 100.0 1,732 100.0 
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More crops and less stock are sold from the rented farms than 
from those of the owners. This is to be expected, owing to the share 
system of rental, whereby the landlord receives half of the grain, 
most of which he sells. . 

The item of increased inventory represents an increase in invest- 
ment, either through more stock, new buildings, or tile drainage. 
To offset this, the cost for all improvements is included in the farm 
expenses. When the investment costs of this nature are charged to 
the farm there must be a corresponding increase in the capital at 
the end of the year. 

Corn, oats, and wheat constitute the crops sold. Even on the 
small farms practically no cash crops other: than these are grown. 
The farmers making the best incomes received a higher percentage 
of their receipts from live stock. 
A further discussion of the influence of the type of farming on 

profits is given on page 29. 

DISTRIBUTION OF FARM EXPENSES. 

The distribution of expenses on both owner and tenant farms is 
given in Table X. : 

Taste X.—Distribution of farm expenses (in percentages of total expenses) 
on farms operated by owners and tenants in Indiana, Illinois, and Iowa. 

Operated by tenants 7 Operated by tenants 
Oper- (247 farms). Oper- (247 farms). 
ated by ated by, 

Item of expense. owners ——| Item of expense. Ce = 
CIA 5 273 . 

farms). a Tenant. on farms). erm Tenant. yang ; 

Papors 2 sesesee 33.0 31.0 34.6 0.4 | New buildings...| 10.9 Say: Od Re tay a 22.8 
Seedse os 2.1 a5 TTR 4.1 |, Building repairs. 6 .8 2 1.6 
Fertilizer........ | of 5A, Puen ae -9 || Tile drains....... 3.8 6:17 eee 18.4 

. ‘ Feed and grain..| 18.8 10.5 9.9 4.4||Twine and 
| * New machinery thrashing... ... 4.4 6.5 7.0 -8 

and harness.... 5.6 9.2] 10:0 8 || Insurance........ 1.0 1.3 ohh 2.0 
Machinery and | IDES OS x= eee 10. 4 14.4 1.8 35.0 
harness repairs. | 1.3 1.6 | 1.8 oD Rent... 252... 22 a ee ee 2a Ba een 

New fences...... ley IGE coteae 4.0 || Miscellaneous... 4.8 3.8 4.0 .8 
Fence repairs... 1.3 1B | ih) 3.9 || 

1 

Approximately one-third of the total expense is for labor. This 
amount includes the value of board furnished; also the value of the 

family labor, except that of the operator, Some of the farm owners 
purchased large quantities of corn for feeding, thereby making this 
expense 18.8 per cent of the total. The expense for tile drains was 
largely incurred in Iowa and Indiana, where the construction of ex- 
tensive systems meant considerable outlay. 

The expense for twine, based on over 10,000 acres of small grain, 
averaged 21 cents per acre, or seven-ienths of a cent per bushel. From 
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24 to 24 pounds of twine per acre are ordinarily used. Thrashing 
charges were approximately 2 cents a bushel for oats and 4 cents for 
wheat, plus the cost of coal used. 

The average value of the farm buildings on the owner farms was 
$2,401, and on the tenant farms, $1,652. If we include the cost of new 
buildings and cash repairs, the annual charge is 5.2 per cent of the 
building investment on the owner farms and 4.4 per cent on those 
rented. These percentages are higher than they would be in a region 
that has been settled longer and where fewer new buildings were 
being erected. 

The average amount invested in farm machinery and tools on the 
owner farms is $391. The annual expense for new machinery and 
cash repairs is 16.9 per cent of the inventory value. This amounts to 
50 cents per crop acre per year. On the rented farms the average 
amount invested is $368, and the cash paid out for new machinery, 
harness, and repairs is 21.2 per cent of the inventory value. This 
makes a cost of 56 cents per crop acre. It is expected that the cost 
would be higher on the latter, as men just starting in farming as 

tenants would be likely to purchase more new machinery. 

RELATION OF PROFITS TO THE EFFICIENCY OF THE FARMER. 

Of the 273 farms operated by owners, one-third of them make a 
minus labor income. Analysis of their farm business should show 
the reasons why so many of these men failed to receive anything for 
their labor. Is it because of poor crops, inferior stock, improper or- 
ganization of the farm, or merely plain indifference on the part of the 
farmer? It may justly be said that all these factors are contributing 

causes. 
Leaving out of consideration the limitations set by the size of the 

farm and the capital invested, the characteristics of the inefficient 
farmer stand out prominently. Economically speaking, the greatest 

losses figured on the basis of a labor income are due to indifference or 
contentment on the part of the farmer. His farm area and capital 
are sufficient to earn a substantial income. He fails through neglect 
of work, low crop yields, inefficient stock, poor farm organization, 
and unused capital. His expenses are the same per acre as those of 
good farmers. His receipts are the weak point. His neighbors 
succeed, not by spending less, but by taking in more. 

The size of the farm must also be considered in figuring losses, but 
large losses are not probable in a small business. The little farmer 
may lose all he has, but the greatest amount he can lose is small, 

13131°—14——_3 
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The relation of profits to the efficiency of the farmer is shown in 
Table XI. 

TABLE XI.—Relation of profits to the efficiency of the farmer on 273 farms 
operated by owners in Indiana, Illinois, and Iowa. 

Aver- Distribution per acre. 

Num- ay i age 
Labor income. ber of = crop 

farms. | , 512° area Re- Ex- Farm | Inter- | Labor 
(acres): (acres).| ceipts. | penses. /iIncome.} est. income. 

——S ONG ANOTe Sessa ee een ee eae 26 267 199 | $10.98 | $5.97 | $5.01 | $8.74 | —%3.73 
— $4990 S200 = cee ee ene eae 23 160 117) 12502 5. 92 6.10 8.16 | — 2.06 
St TELS KONE 13 Ree RE tare Neco es | 40 102 77 | 12.94 5. 53 7.41 8.30} — .89 
SISOS 20082 a ee Be EEO ce NOE Ee Be 53 120 95 14. 84 5.70 9.14 8.31 . 83 
BOLO S400 sha ooo aati ee eee oe 34 139 96 14.98 5.30 9. 61 7.42 2.19 
PALL TO'SGD0 Satoh REE Or ee Wes Meme 23 161 118] 17.80 5.79 | 12.01 8.78 35743 
SO0TLOSS8005 ico se ea ere ol 20. 184 140 | 17.13 5.16 | 11.97 8. 22 3b 10) 
SOU SEO RL O00 cctiee cee see ene tae 13 217 160 | 16.77 4.51 | 12.26 8.14 4.12 
PIS OULT OSL S00. oan he eri ae ee 19 201 169 19.18 5.00 14.18 8. 23 5.95 
SUSOUIC S2000K tae cee sae 10 249 179 | 25.79) 9.60] 16.19} 9.31 6.88 
OFErS2000 season ae ee nee Hee 12 330 240 25.46 7.14 18.32 8. 46 9. 86 

Total or average................ 273 178 133 | 17.28 6.39 | 10.89 8. 60 2. 29 

In Table XI the farms are classified according to labor income. 
The men making the poorest and those making the best profits have 
large farms. Those just “ breaking even ” have, on an average, small 

farms. 
Many of these men are also poor farmers, but they can not be ex- 

pected to do as well as those working a large area. We do not find 
the gross inefficiency among the tenants, for they must earn the 

rent which goes to the landlord, and if they receive nothing for 
their labor they can not live. They have no interest on which to 
live, as does the farm owner with a large investment. The country 
would be benefited if the few inefficient farm owners on the large 

farms were persuaded to rent their farms to enterprising tenants. 
They would still have as much or more than they are now getting, 
and the tenant would have a good living. 

FARM CAPITAL. 

It is difficult to realize the immense wealth embodied in the farms 
of the North Central States. The broad expanse of rich land, rang- 
ing in value from $100 to $200 an acre, constitutes an enormous 

resource. Owing to the extreme variations in capital, the number 
of farms included in the survey are too few to permit a careful 

study of the influence of the size of investment on profits. Of the 
273 farm owners only 9 had less than $5,000 capital, while 50 per 
cent of them had more than $20,000. 

Generally speaking, the farmer’s capital is in about the same 
proportion as the size of his farm, especially in a region of com- 
paratively uniform land values. If the men with large capital 
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are making better incomes, it means that the larger farms are pay- 
ing’ better. 

RELATION OF THE OWNER’S CAPITAL TO HIS INCOME. 

In Table XII is shown the relation of capital to labor income 
on the 273 farms operated by owners. 

TABLE XII.—Relation of the farm owner’s capital to his income on 273 farms 
in Indiana, Illinois, and Iowa. 

Average Average 
Capital. panier labor in- Capital. Huey Tanai 

“| come. *| come. 

$5,000 and less.....-.--.------ 9 $74 || $40,001 to $60,000.....-........ 29 $315 
$5,001 to $10,000...........-.- 37 45 || $60,001 to $80,000.........-..-. 10 1,114 
$10,001 to $15,000.........---..- 44 283 || $80,001 and over............-- 12 1, 804 
$15,001 to $20,000.............. 45 265 E 
$20,001 to $30,000.......-...... 55 264 BAGVIOR AS On rete see Oeste etre 408 
$30,001 to $40,000......-....... 32 483 

It will be noticed that of the entire number 9 men with less 

than $5,000 capital received $74 for their year’s work. Only 2 farm- 
ers out of 46 with less than $10,000 invested made over $400. Out of 

the entire 273 only 12 men received over $2,000 labor income. Hach 
of these had more than $20,000 invested. The chance of a farm owner 

making a labor income of $1,000 with less than $15,000 invested is 

less than 1 in 20. 
The data in other tables are conclusive in showing more efficient 

use of man, horse, and machine labor on the large farms. The results 

also show no appreciable difference in the crop yields obtained on the 

different-sized farms. When the same system of farming is followed, 
larger returns must result on the larger farms. Men who have large 
capital invested and who operate the big farms have a right to expect 
greater returns for the risk and responsibility incurred. Of course, 
if the type of farming followed is an unprofitable one, then the large 
farms will necessarily show large losses. The area a farmer works 

limits the use of his labor. The amount of capital he has invested 
limits the income from that source. 

RELATION OF LABOR INCOME TO THE DISTRIBUTION OF OWNER’S CAPITAL. 

The farm owner has about six-sevenths of his total capital invested 
in land and buildings. The balance is largely in live stock, there being 
only a small percentage in machinery, tools, and supplies. Farmers 
making good incomes have their capital invested in very much the 
same manner as those receiving poor incomes. Table XIII shows 
the distribution of capital for the 2738 farm owners, arranged accord- 
ing to the incomes they receive. 
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Taste XIII.—Relation of the labor income to the distribution of capital on 273 
farms operated by their owners in Indiana, Illinois, and Iowa. 

Percentage in— 
» 

a Average 
Labor income. 

capital. | Real | Machin- 
ectates ery. Stock. | Supplies. 

—=s000 and more): sate eS so ee Es pt oe $46, 582 89.7 1.2 6.7 2.4 
at CH Ki 7.1 Dees oe aoe Aone soe ene ae 25, 933 89. 2 1.1 7.4 2.3 
LOO CORO ee roe a ees os Oe eee mere oe ee 16, 883 88. 5 1.2 Lal 2.6 
PLO S 200 8 eras oie cdot ore SSS ce eR ORC ee ES 19,753 89.6 1.4 6.7 2.3 
B20 COI RAOO eee Sane Gs Set etcetera ge Ne pee eae | 20, 435 86.7 oe 9.1 2.5 
PAO TEDO; POON aes pe oe ees eee Nae Cee 27,986 86.8 2.0 8.2 3.0 
SGO IOI SSON Seer cre soon esas a eee EEE een 30, 158 86. 6 ik} 8.9 3.2 
SSO LOS L000 ae ss Sia eee eee ae 35, 082 89.8 82) 6.9 2.1 
STOO ISCOLP L500 aoe soe pean Anemone Ge ce ee one ae 32, 658 88. 2 1.4 8.0 2.4 
SEDO TOIS2; 00052 paen Scec eee eee eee cae 46, 573 83.7 1.0 11.7 3.6 
S200T an MO Vere eee a sk ace aeons tee 55, 625 85.1 1.0 11.0 2.9 

ASV OTAGO i. i ahe BA ben ghee RW Seah era eee 30, 439 87.6 1.3 8.4 PAT 

It will be noted that the men having the lowest incomes have nearly 
as much capital as those having the highest. A large business is neces- 
sary to incur large losses; similarly, large incomes can not be expected 
from small investments. Small incomes usually attend small busi- 

nesses. Where land values are high, the amount of money invested in 
working capital becomes proportionately small. 

DISTRIBUTION OF THE TENANT’S CAPITAL. 

The tenants in the States reported upon have less than 10 per cent 
as much capital as the owners. This is shown in Table XIV. 

TaBLE XIV.—Averdage distribution of the tenant’s capital on 247 farms in 

Indiana, Illinois, and Iowa. : 

Distribution of capital. Indiana. | Illinois. | Iowa. pen 

ASVOFAPOMObALS ci tocia 2 Soe cinsnc eat eee rb ekel ioe Ree ee erieins $1,644 | ~ $2,740 $2, 459 $2, 281 

Average invested in live stock................-------- per cent. - 62.0 63.8 66. 2 64.0 
Average invested in machinery ..:......--.-------------- doye-- 14.5 13.9 13.7 14.0 
Average invested in grain and feed................------- Gosee= 15.1 14.3 14.1 14.5 
Average inicashi.s.: sack 322 Soe eee eee ee eee eee do... 8.4 8.0 6.0 7.5 

Two-thirds of the investment of the tenants is in live stock, a 

large part of which is work horses. In a region where the system of 

rental is for the landlord to furnish half of the working capital the 
amount needed by the tenant is less. Few landlords furnish any of 
the working capital on the farms studied in this survey. 

RELATION OF THE TENANT’S CAPITAL TO HIS INCOME. 

A farm owner having a large investment, nearly 90 per cent of 
which is in real estate, can let it lie idle or nearly so for the entire 
year. It is partly due to this indifference on the part of some 
farmers that all men with large capital fail to show good returns. 
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‘These men being free of debt are content to make only a moderate 
living, even though their farms under ordinary management would 
return double the income they now produce. 

The situation of a farm tenant is entirely different. He has his 
capital in live stock, work horses, and machinery. These are an 
expense to him unless used. They are the means whereby he can 
utilize capital in the form of land. Generally, unless a tenant has 
use for his teams and machinery he will dispose of them, as there is 
always a market for such equipment. The tenant has a small capital, 
and 5 per cent interest on it is not sufficient to give him a living; 
hence he must receive wages for labor. The farm owner with large 
capital may receive no labor income and only 2 per cent on his 
investment, yet have a comfortable living. 

In Table XV the farms are divided according to the amount of the 
tenant’s capital, to show its relation to his labor income. 

TABLE XV.—Relation of the tenant's capital to his income on 247 farms in 
Indiana, Illinois, and Iowa, 

Tenant’s average. Tenant’s average. 

‘ Number F Number 
Tenant’s capital. On ean. Tenant’s capital. | 5p TRAnS, 

Capital. | .« Leiba Capital. | . labor * | income. ~ | income. 

$500 and less.....-. 5 $324 $328 || $2,001 to $3,000... -- 66 $2, 439 $915 
$501 to $1,000.....-- > Al 799 338 || $3,001 to $4,000. -..-- 41 3,415 1,095 
$1,001 to $1,500. ..-. 44 1,271 502 || $4,001 to $6,000. .... 14 4, 808 1,796 
$1,501 to $2,000. ...- 48 1, 758 655 || $6,001 and over..... 8 8, 657 2, 879 

RELATION OF BOTH THE TENANT’S AND LANDLORD’S CAPITAL TO THEIR INCOME. 

Table XVI gives the relation of tenant’s and landlord’s capital to 
the incomes they receive for the regions surveyed in each of the three 

States. 

TABLE XVI.—felation of the tenant’s and the landlord’s capital to the income 
received on 247 farms in Indiana, Illinois, and Iowa. 

OPERATED BY TENANTS IN INDIANA (83 FARMS). 

Naumnibar Tenant’s | Tenant’s | Landlord’s| Landlord’s 
Tenant’s capital. ofifarms average labor average | income on 

‘| capital. income. capital. investment. 

Per cent. 
Solan GUleSSs te sais siasee sa ie Seta esis. = 5 $324 $328 $9, 492 4.0 
POO ICO RR IH OOO! Beet yaaa sen ese aaa 13 ~- 750 312 9, 940 2.9 
SOOM OBI S00 Sas en essen en UAL ee Ss 18 1, 263 506 12, 829 31 
PUPS OMSCOI 2 OO0se | sete ce. Wee teenies eeneoce 19 1, 726 765 17, 679 3.0 
SOOOMPOMS COO sae saeco ee teases cae toa. 18 2, 381 1,051 22, 130 3.6 
SS OO tONS4 O00 Ns ees ee an cee ee a ees eten 8 3, 324 1, 217 34, 904 4.0 
ASOD I COSE O00 Re ee ee Uae eu eue ee 2 4,770 2,322 54, 088 4.4 

Total or average for Indiana..........- 83 1, 758 755 18, 425 BB 
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TABLE XVI.—Relation of the tenant's and the landlord’s capital, etc—Continued. 

OPERATED BY TENANTS IN ILLINOIS (71 FARMS). 

Rianne Tenant’s | Tenant’s | Landlord’s} Landlord’s 
Tenant’s capital. offarms. | #Verage labor average | income on 

‘| capital. income. capital. jinvestment. 

Per cent. 
S501 tO $U:000< occ oo. bec anaes = cee eee 4 $871 $429 $10, 031 2.7 
Su0D Pita SU500s4. 2) feds ad Ce 10 1, 262 614 23, 737 3.5 
P1S5OLtONS2 000 ec serra cee a ae nica emo 15 1, 733 709 29, 703 4.1 
SZ0018to'S3 000: Lea eE ee ae ee 18 2, 482 1,054 36, 948 4.05 
2300150 $4 O00 be oe ans Se eee eae 15 3, 493 1,085 42, 898 3.3 
S4001 tO SO/000 52 ee eae See cons 4 4, 828 1, 732 50, 950 3.6 
$6:00landlover: .- Se sacoenaccer estore eee 5 9,011 4,117 70, 750 3.1 

Total or average for Illinois........... 71 2, 867 1,139 36, 479 3.6 

OPERATED BY TENANTS IN IOWA (93 FARMS). 

S00 1sCOIS 1 0002s. 5-02 eee ceemee eoeeee eee eens 4 $776 $272 $8, 568 3.2 
SUOOL TOSL 500 res eee eee neon cee ee ences 16 1, 288 387 13, 808 3.0 
SL 5OLTO1S2/000 aoe osu co eneoaaes se eeaenee aces 14 1,816 490 16,971 2.8 
$2,000 C0’ $3000 22222 ot dace foc see ees eee 30 2,455 639 19,374 3.0 
S5/001st0 $4: 0002222 cio cccscaccsec snes cuetestene 18 3, 428 983 25, 027 By 
$4,001 To'S6, 0005-2 2 22528: eee oeececnce 8 4, 825 1,334 31, 490 3.2 
SO00L ANGOVED Acs. ete ence ender sees 3 8, 203 1,641 50; 412 4.7 

Total or average for Iowa.............- 93 2, 667 716 20, 728 3.2 

Almost without exception the tenant’s income is in direct propor- 
tion to the sum he has invested (fig. 4). This is a very encouraging 
fact in that it shows that a tenant is able to acquire sufficient capital 
to become an owner. Many farmers begin as hired men. After a 
few years they save enough money or acquire credit so that they 
can rent a farm. This gives them a start, even though it may be a 
small place at the outset. By renting, the income is increased over 
the amount that could be earned as a hired man, and in a few years 
the tenant is able to establish sufficient credit or save enough to enable 
him to rent a larger place. 

ONE REASON WHY TENANTS CHANGE FARMS. 

Men who start in as tenants usually have very little capital and 
are limited in the size of the farm business they can select. After 
a few years of work they have enough teams and equipment to rent 

a larger farm, which will pay them increased returns for their year’s 
labor. The changing of tenants from one farm to another is thus 
frequently a transitory step by young men seeking to become farm 
owners. If these same men were compelled to start on a small place 
and stay there for a long period of years they could never hope to 
eventually become owners, but by selecting farms which will use 
their entire working capital to its maximum they are able to advance 
rapidly. The income that a tenant receives with a capital of $4,000 

to $6,000 is decidedly greater than that which he would have if he 
purchased a farm with that amount. No farm owner with less than a 
$20,000 investment received a labor income of over $2,000, while 1 ten- 

ant out of every 22 received this income with less than $6,000 capital. 
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Of course, in order to make a substantial income, the tenant must 
have the use of a large amount of capital, which is furnished by the 
landlord. The system of renting as practiced in the corn belt to- 
day is particularly well suited to the tenant’s advancement. Not 
only is he free to move from a small to a larger farm as soon as he 
acquires sufficient working capital, but the returns that he receives 
from his investment are exceedingly large. Tenants as a rule avoid 
small farms. They are not large enough to pay the interest on the 
capital and leave anything for labor. The amount of capital that 
a tenant needs to operate a certain-sized farm depends quite largely 
on the type of farming that he wishes to follow and also on the 
system of rental. 
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Fic. 4.—Chart showing the relation of the tenant’s labor income to the capital he has 

invested. 

In the case of live-stock farmers, some landlords furnish half of 

the live stock. Few, if any, furnish any of the work stock or equip- 
ment. 

In the case of a cash rental the tenant has to furnish everything, 

and if he wishes to follow the live-steck type of farming he needs 
to have a good-sized investment on the large farms. 

The system of farming practiced in the corn belt is one which 
enables a tenant to work a large area of land with small capital. 
The machinery that is used is simple and inexpensive. The work 
horses are, perhaps, the largest investment. 

RELATION OF THE SIZE OF THE LANDLORD’S INVESTMENT TO HIS INCOME. 

The size of the landlord’s investment apparently makes little dif- 
ference in the percentage of income, as shown in the preceding tables. 
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It is highly important that the tenant have sufficient working capital, 
which necessitates a medium-sized farm to permit him to use it effi- 
ciently. The tenant, no matter what area of farm he is operating, 
must first pay rent, even though he has nothing left for his labor. 
The only disadvantage the landlord has in owning a small farm is 
that there may be difficulty in renting it. 

RELATION OF THE SIZE OF THE FARM TO THE PROFITS. 

According to the last census the farms in the North Central States 
are growing fewer in number and larger in area. The use of im- 
proved machinery and the expansive type of farming followed have 
been important factors in rendering the small farm a less efficient unit. 

The term “ smal] farm” as used throughout this bulletin is under- 
stood to be synonymous with small business. Under an intensive 
system of agriculture a very large business may be conducted on a 
small area, but in the corn belt, especially in the district covered by 
this survey, none but an expansive type of farming is found. 

A very good indication of the relative returns that can be expected 
from 40-acre, 80-acre, and 160-acre farms is given in Table XVII. 

Tab.e NVII.—Comparison of labor incomes on 40-acre, 80-acre, and 160-acre 
farms in Indiana, Illinois, and Towa. 

Operated by owners Operated by tenants 
(71 farms). ; (66 farms). 

Item. | > —- 
40-acre 80-acre | 160-acre | 49-acre 80-acre | 160-acre 
farms. farms. farms. farms. farms. farms. 

| a 

INTIAL Olan sa— se see eee eee 20 26 25 1 28 37 
Number of farms witn incomes of $1,000 or 
MIN oH oot soodnesotessesssesemdcoss<os+ 0 1 5 0 0 13 

AvverapeniNCOMe-22..ses-e a oe. see ee aan $70 $266 | $364 $264 $440 $904 . 

Of all the farms operated by owners there were 20 of just 40 
acres in area, the average labor income of which was $70. None made 

2 labor income of $1,000. There were 26 men on 80-acre farms and 

only one of them made a labor income of $1,000. Of the 25 men on 
160-acre farms one in five made $1,000 or more. 

Only one tenant rented a 40-acre farm, and he had less than $800 
for his year’s living. Most tenants know better than to rent such a 
small farm, fully realizing the improbability of a good income. ‘The 
average income of the 37 tenants on 160-acre farms was $904. More 

than one in every three made a labor income of $1,000. If the man 
on the 40-acre farm in Illinois or in any of the North Central States 

expects to have as good a living as his neighbor on 160 acres he must 
produce four times as much per acre with no increase in expenses. 

In Table XVIII the farms are arranged according to their size 
to show the relation existing between the area of the farm and the 

income received. 
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TABLE XVIII.—Relation of the size of farm to the income on 273 farms operated 
by owners in Indiana, Illinois, and Towa. 

Farms. Distribution per acre. Money 

available 
for farm- 

ATED i. er’s living 
Number. sine (ane Receipts. | Expenses. | Interest. if free of 

debt. 

AQhieresand lesseo-=,: 22522524224) 32 37.4 $18. 10 $6. 98 $9. 03 $416 
AUSTONSOSACKES.-2 5 2-- 2-2-2222 22-2 51 12.9 17. 09 5. 46 8. 45 848 
Sietoml20iacresaeas- 2st | 48 106. 9 16. 22 6. 88 8. 22 998 
LAMto l6Maeresea:s--S=- s-----2-- 44 149. 4 15. 62 5. 80 8. 30 1, 467 
LGil 10) AUD ENG WSS sone caseesensoee | 31 179.1 18. 04 (E272 8. 58 1,956 
20torzs0 acres2=.-..2---<-+----= | 36 239. 8 18. 12 6. 70 8. 42 2,738 
28 to 400/aeres .-----.---+------ 19 321.8 13. 89 5. 07 8. 32 2, 838 
40IitOM250/ACreSs so) 2ce see - 12 623. 8 16. 19 6. 28 7.90 6, 182 

Total or average.....---.--| 273 178.3 17. 25 6. 38 8.58 1,938 

The receipts per acre are practically the same on the small and 

large farms. The expenses are also the same. If greater intensity 
were practiced on the small areas, larger receipts to the acre would 
be the result. 

If the farmer is free of debt he has available for his living the 
amount shown in the right-hand column of Table XVIII. This 
amount represents the combined income from capital and labor. 

The results of the 1910 census show that nearly one-half of the 

farm owners in the counties from which the survey records were 
taken have mortgages on their farms. The amount of the mortgage 
is approximately one-fourth of fhe total farm investment. It is not 
hard to understand why the small farmer is less efficient. Just as 
long as he continues to grow such crops as corn, oats, wheat, and hay 

his income will be meager. The only possible remedy is more land. 
He may either rent or buy, according to his available funds. 
On the other hand, if the man on the small place should change 

his type of farming so that he could grow crops returning a high 
income per acre, he would then have possibilities of a much greater 
income. A farm is a place to work, and unless it is so organized to 
permit the full use of labor small wages must result. 

There are a few highly specialized farms which return a high 
rate of income per hour of labor. However, these farms are not 
found where corn and. oats are the leading crops. The introduction 
of good live stock in a measure helps toward utilizing more labor, 
but even this step will seldom suffice to give the small farmer an 
income comparable with that of the man on 160 acres or more. 
Thus, the decrease in the number of farms in the North Central 
States is no cause for alarm. It is rather a sign that land is being 
utilized more efficiently and that the same products are being pro- 
duced at less cost. 
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RELATION OF THE SIZE OF THE FARM TO THE EFFICIENCY OF 
OPERATION. 

The size of a farm is the controlling factor in the efficient use 
of farm labor and machinery. The old hand-labor methods prac- 
ticed by our forefathers, which are still common in Europe, were 
suited to a small area. Under those conditions a man needed only 
as much land as he could properly cultivate alone. A family was 
able to raise only a small amount above that needed for their own 
living. If these methods still prevailed in this country, the present 
number of farmers would be entirely inadequate to support our urban 
population. 

The adoption of modern machinery has enormously increased the 
efficiency of the farm worker. Fewer men are now needed in the 
farming districts, and those not needed are able to devote themselves 
to useful work in the cities and towns. As a result of this condition 
more of the benefits of civilization are available to the farmer. 
Although the farmers are fewer in number, the production per man 
is Increasing. 

Tf hand labor could compete with machine work, farm wages would 
be much less and the product per man proportionately smaller. Our 
agricultural civilization would then gravitate toward the peasant 
conditions éxisting in some parts of Kurope, where the agriculture 
is developed on the basis of the maximum product per acre of land 
instead of the maximum product per man. 

RELATION OF THE SIZE OF THE FARM TO THE USE OF MAN LABOR. 

In Table XIX the farms are classified according to their total 
area. The cost of labor includes all paid labor, board of workmen, ’ 
family labor, and the estimated value of the operator’s labor. The 
value of the family, or unpaid, labor is explained on page 9. The 
tenants estimated their work as worth $367, and the owners estimated 
theirs at $363, or an average of $365 for all the farmers. 

The term “crop area,” as used in the following tables, includes all 
tillable area except permanent pasture. 

TapLe XIX.—Rfelation of the size of the farm to the cost of man labor per acre 
on 700 farms in Indiana, Illinois, and Lowa. 

| 

Total labor (includ- Totallabor (inelud- 
| ing estimate of ; ing estimate of 
| Num- farmer’s own la- Num- farmer’s own la- 

Area. ber of bor). Area. ber of| bor). 
farms. = = == Lema nals || == 

Per till- | Per crop Per till- | Per crop 
ableacre. acre. | ableacre.| acre. 

40 acres and less....-.- 45 $8. 18 $10. 08 || 321 to 400 acres......- 30 $3. 36 $3. 88 
41 to 80 acres......... 114 6, 54 7. 28 || 401 to 560 acres......- 12 3.12 3. 88 
81 to 120 acres......-. 120 4,98 5. 57 |) 561 to 720 acres. .....- 5 3. 80 * 4.41 
121 to 160 acres....... 130 | 4.37 4.89 || 721 to 1,250 acres. .... 4 8. 50 5. 29 
161 to 200 acres...-..-- 93 | 4, 21 4.74 | — a 
201 to 240 acres......- 75 4, 20 4.69 || Total or average. - 700 3. 74 4. 63 
241 to 280 acres....... 35 3.94 4.40 | 
281 to 320 acres......- | 37 3.41 3. 98 
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On farms of 40 acres and less the cost of labor is over $10 per crop 
acre. On all farms above 120 acres the cost is less than $6 per crop 
acre. This increased efficiency of man labor on the larger farms 
constitutes an important factor in the cost of crop production. 

RELATION OF THE SIZE OF THE FARM TO THE EFFICIENCY OF WORK HORSES. 

With the prevailing type of agriculture as found in the corn belt, 
both man and horse need more land to work. Farms with less than 
100 acres in crops are not utilizing horse labor nearly as efficiently 
as the larger places. On farms of 40 acres one horse works less than 
10 crop acres, while on farms of 240 acres or more one horse works 
two and one-half times as much land. One of the difficulties with 
a farm of less than 40 acres in the corn belt is that it requires the 
same number of horses for certain farm operations as the larger 
place. The area in crops is so limited that only a small part of the 
available horse labor can be utilized. 

The labor demand of such crops as corn and oats is not evenly dis- 
tributed through the growing season; hence, horses remain idle for 
a large part of the time. If men on the small farms were following 
a different type of agriculture, it would be possible to utilize the 
horses more efficiently by growing crops which require a large amount 
of horse labor per acre. By means of diversification of crops so as 
to better distribute their labor these men may succeed in competing 
with those on the large places. 
The relation of the size of the farm to the number of crop acres on 

which a horse can be utilized is shown in Table XX. 

TABLE XX.—Felation of the size of the farm to the number of crop acres on 
which a horse can be utilized on 700 farms in Indiana, Illinois, and Iowa. 

Farms. 

A Sep, Abed 
Area. Average per horse 

Average 
. Average number of | (acres). 
Numiber: size (acres). ae work 

2 ; horses. 

ANTACTES ANGGIESS bays = see eee eet nee ae aye 45 36. 6 26.4 2.8 9.4 
AE GORSOMACKCS see siecle ence See emesis se eae 114 71.4 56. 7 3.6 115). 7/ 
SupbOM 2OACreSe as fac See en ky wed 120 107.2 86.0 4.5 19.1 
PPT ORUGOAGCTES = saree ae Ree are ey 130 149.3 122.4 5.8 21.1 
GIL 1@) QO) BOS esa sccsessesocesoeceosuseuess 93 183.6 143.4 6.6 Dil 7 
DUETO 240 Aereseea sa ee Meee one ete eae 75 227.4 184.9 7.8 23.7 
DANO S0/ACTES eee ee sete ae we Stas 35 262.5 211.2 8.4 2owl 
Ab OSPR EKO KS eae Gees ode nae ones ceesseeenses 37 305. 6 233.8 9.5 24.6 
Bo LOr4 OOFACTESS ase Sek ee ae eee ee 30 364. 1 298. 0 10.8 27.6 
AOI OSGOIMCKESS. sem oases Usa ee aise ee 12 474.8 368. 6 13.1 28.1 
BOlOn2OlACTES S22 weet a Us Perens Sean 5 652. 6 555. 4 19.4 28.6 
P2MCOpIEDHOMCKES ets -1 jo else ses e~ -ene. eee 4 991.2 612.0 19.0 32.2 

To judge from the data given in Table XX, there is no marked in- 
crease in the efficiency of horse labor on the very large farms over 
the medium-sized ones. 
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RELATION OF THE SIZE OF THE FARM TO THE EFFICIENCY OF MACHINERY. 

In the regions studied, small farms do not permit as efficient use of 
machinery as those of medium size. The same laws which govern 
the use of farm labor apply to machinery. Land enough to allow the 
maximum use of machinery is the keynote to the whole situation. 
A certain equipment is needed and this is much the same on a 60- 
acre as on a 160-acre farm. A farm may be of such size as to re- 

quire two sets of certain implements, yet not large enough to permit 
the maximum use of each, 

Figure 5 illustrates the use of modern machinery and large teams 
for farm work. These are typical of the expansive type of farming 
found on the broad, level areas in the North Central States. 

Pic. 5.—A sulky gang plow drawn by four horses. Modern machines with large teams, 

such as this, are used throughout these regions and utilize labor efficiently. 

In Table X XI is given the machinery investment per crop acre on 
the different-sized farms. 

TABLE XXI.—Relation of the size of the farm to the efficiency of machinery on 
700 farms in Indiana, Illinois, and Iowa. 

Farms. Value of machinery. 

Size of farm. Average 
r 4 Average Total per | Per crop 
Number. | <i7e (acres). (AEA fart acre. 

2 jie Ee AS - 

ISCOMO ACTOS 7 oe ORAS eae tears ee 45 36.6 26.4 $133 $5. 04 
ADO SU ACTOS stereo nt ee ee ee ee 114 71.4 56.7 241 4,25 
Sito 120 acres sis. : see oe oe. te 120 107.2 86.0 279 3.24 
EO BO ACT RS ate os. wuss oe coool e Pee 130 149.3 122.4 345 2. 82 
IGUtO:- ZOD ACTES 5. oo ee eee ae ee 93 183.6 143.4 413 2. 88 
PASEO ZA BOT ES eh os Bias bce eed 4 £552 75 227.4 184.9 452 2.44 
PAL TODD ACTOS nano bcos cine Cos ae ae 35 262.6 PAW? 718 3. 40 
DUAL OR oe ante (=) eels ae et ee ol 37 305. 6 233.8 561 2.40 
APACE UT (2 ee ee ee es 30 364.1 298. 0 747 2.51 
ADVILO DOU ACIESs sc oe2e 5 oc se ese eee wee 12 474.8 368. 6 690 1. 87 
DOME LOR CO ACTOR 326) anos ao: Se te eae apne Bo 5 652.6 555. 4 790 1. 42 
TANG Vn ads Us a eee Se ea ae He 4 991.25 612.0 1,313 2.15 

Motal'or Average. 5.222.022 secs cee 700 179.6 142.8 | 384 2.69 | 
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The results are the same for each district studied. The machinery 
cost on the small farm of 40 acres or less is double that on those 

over 200. As the area increases up to 100 acres there is a marked 
decrease in the machinery cost, but above this area the gain in effi- 

ciency is small or entirely lacking. 

RELATION OF THE SIZE OF THE FARM TO THE CROP YIELDS. 

Climatic conditions have such marked influence on crop yields that 
records for one year are of little value as a measure of the yields 

M a given region. However, such records do permit a comparison 
of yields on farms of rent sizes when conducted under the same 
system of management. 

Tt is generally believed that the small farm is more efficient owing 
to better crops. This appears to be a mistaken theory. The figures 
given in Table XXII show the average yields of corn, oats, and 
wheat on the large and small farms. 

TABLE XXII.—Felation of the size of the farm to the yield of various crops. 

Indiana. Illinois. Towa.1 

| Yield per acre q Yield per acre I Yield per acre 
RB bushels). a bushels). RB bushels). 

Size of farms. & ( 2) Ss ( ) & (bushels) 

7) S) 6 = 
& : 8 : 3 

‘ = : 3 2 F a 2 = 
g q a ® g is] aw ) q is} wa o 
3 a 3S a 5 3 & = 3 B B a 
ZN Se | Sh eee Se es es SI 

80 acres and less.........._. 92 | 50.2 | 44.4 | 19.0 12 | 60.4 | 43.0 | 16.0 X5: || BB) |) 8250) Woocce- 
81 to 160 acres.........-.... 75 | 52.9 | 47.5 | 19.2 dD 5283 |) wisi) || 152 73) || BO8 || Bai. 0) |oecase 
161 to 320 acres.-.-...---.-- 39 | 52.8 | 47.0 | 19.4 70 | 52.4 | 39.7 | 15.8 Zak |) BG 9) |) BO o-s- 
Sl EKA) GOO Gitaas ee saeealbnesss Aanees foemee| Paeeee BO) |) 558 40s 5 Wee Nececselbscaccleossseleoaced 

Noa Or BEA. = co-|) AUG | G20 | 46.6) W834) Wee! | BS | Bees IGS |) nO) || Be |) B56) |-----— 

1 The yield of corn in Iowa in 1910 was much below normal, owing to drought in early summer. 

In Indiana higher yields of both corn and oats were obtained on 
the larger farms. The difference is slight, yet 2.6 bushels of corn 
is worth considering. 

In Illinois the highest yields of corn were secured on the smaller 
farms. On the other hand, the yields on larger farms, those ex- 
ceeding 320 acres in size, excelled both groups, ranging in size from 
81 to 320 acres. There were only 12 farms under 80 acres, too few 

from which to draw definite conclusions. 
In Iowa the larger farms consistently had the better yields. 

RELATION OF THE TYPE OF FARMING TO THE INCOME. 

All the farmers in the regions studied are following the same gen- 
eral expansive system of agriculture, developed on the basis of 

maximum product per man. Within this system two important 
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types are found. One is the crop farm, where 50 per cent or over of 
the total farm receipts are derived from the sale of grain. The other 
type is the live-stock farm, where the farmer markets his crops 
largely through hogs, horses, and beef cattle (fig. 6). The number 
of men following each type will vary greatly in different years, ac- 
cording to the relative price of cattle and hogs (figs. 7, 8, and 9). 

One year’s results are altogether too few to form any substantial 
basis of comparison. The data are presented only to show the im- 

portance of the type of farming in relation to income. It is fully 
recognized that further studies in another year under different con- 
ditions might easily show results just the reverse of these in regard 
to the best paying type of farming. 

Fic, 6,—The type of hogs which are an important source of income on Iowa farms, 

Of the 273 farm owners 194 were classed as live-stock farmers 
aA 7 r . 5 

and 79 as crop farmers. The average capital and income of each 
are given in Table XXIII. . 

TABLE XNXIII.—Relation of the type of farming to the income on farms operated 
by owners in Indiana, Illinois, and Iowa. 

Live-stock farms. Crop farms. 

oe 2 
Farms. | 3 : Farms. 3 , 

ithe g 3 oft 8 3 é 
ee: a= | Pale 8 a | Ss le 8 

Z| 28 3 3 Bae a iS 
5 Die o = =| : m Oo = —] = 3) a2 ~) & ee 8 cS) © § 

2 aS | Boal a Shee qs Bp és 
a S 3 | Bales ame 5 2 
5 Pa 5 > 3 1S) Par (3) > 3 
Z < Ay < 4 ZA < AY < =) 

TIAN enn ono sesh aos Ss oa 95 {103.2 | 5.6 |$17, 405 $348 28 |113.0 | 2.0 |$17,981 $182 
CUM Tafa ee ee ed ea a Ae 32 |284.2 | 66.3 | 58,487 | 1,588 41 |229. 4 | 24.4 | 45,319 —131 
OW ee ee cece pek dee cis celme ce oes 67 |181. 2 | 40.1 | 23,775 329 10 140.9 | 17.1 | 19, 296 34 

Total or average........-.-| 194 {189.5 | 37.3 | 33,222 755 79 |161.1 | 14.5 | 27, 532 28 
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The live-stock men had a larger area and more capital and were 
receiving a much higher labor income. The average income of the 

HIGH ANO LOW PRICES OF CASH OATS, BY (\IONTHS, AT THE CHICAGO \IARAET, 
1903 TOUCH A, IIVCLUSIVE . 

SR 

ofthe 

CENTS PER BUSHEL BRVOVSARARS 

HIGH AND LOW PRICES OF CAS?/ CORN, BY IIONTHS,AT THE CHICAGO (TARKE 7, 
1903 TO ¢H12, INCLUSIVE . 

6 % SASHS VRINGIAGN CENTS FER BUSHEL 
1903 4904. 4905 1906 1907 1908 1909 19/0 19/1 19/2 

Fie. 7.—Chart showing the fluctuation in the prices of oats and corn in the Chicago 

market from 1903 to 1912, inclusive. (Data from the Live-Stock Daily Drovers’ 

Journal.) 

crop farmer was $28 per farm, and of the live-stock men $755. This 
wide difference in favor of the live-stock farmer holds true in each 
of the States. 

: S 
é 
ly 
& 

& 

1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911 1912: 

Fie. 8.—Chart showing the fluctuation in the prices of hogs, steers, and sheep in the 

Chicago market from 1893 to 1912, inclusive. (Data from the Live-Stock Daily 

Drovers’ Journal.) 

In the case of the tenant farms, the results of which are given in 
Table XXIV, the conclusions are practically the same. The data 



32 BULLETIN 41, U. S. DEPARTMENT OF AGRICULTURE. 

given in this table are for the entire farm, including both landlord 
and tenant. 

TABLE XXIV.—Relation of the type of farming to the income on farms operated 
by tenants in Indiana, Illinois, and Iowa. 

Live-stock farms. Crop farms. 

£ B Farms 3 : Farms = : 

a 3a . m a P 
State. : a = = ; oes 5 o 

> - a q con D a, n +S R io) +o 3 fo) 
2 ae S) S) 5 x aa 3) 5) 

me 5) ies ® q H S) a8 a a 
2 a) Sy) 60 4 oO (as) q ey oo 42 

a = S 3 wy el 4 eS 3 = 
gla Ss 8) | Bee elaine 
si 8 | 8 > See Ss es p 3 
Z < AY < et A ss 4] i <q 4 

Rrichiam ae Sse fae we Sc een 46 124 4 |$19, 623 | $589 | 37 134 4 |$20,879 | $354 
TIN OISS Peat Soon ae Seg hee eek ee ereyies aed 13 198 30 | 42,087 |1,066 | 58 | 204 12 | 38, 732 545 
MOWae oo. fac eet seme ens ssecic Meee 58 | 179 37 | 23,238 | 496 | 35.) 199 30 | 23, 654 82 

Motaliomaverage) ease sae eee e 117 | 167 24 | 28,316 | 717 |180 | 179 | 15.3 | 27, 755 1) 327 

On these farms the crop men had a larger area and nearly the 
same capital, yet their income was less than half that of the live-stock 
men. This wide margin of profit in favor of the live-stock farmer 

Fic. 9.—Beef cattle and hogs in a feed lot, showing a method of feeding which utilizes 

labor during the winter months. 

is due primarily to two reasons, the most important of which is that 
the crop men sold their corn at about 41 cents per bushel. (See 
Table X XV.) The live-stock farmer fed his corn to hogs, which he 
sold at a price ranging from 74 to 9 cents a pound. Many men also 
fed cattle, which likewise sold on a high market. 

‘ 
TABLE XXV.—<Average price (in cents per bushel) received for crops sold on 

owner and tenant farms in Indiana, Illinois, and Towa. 

Corn. Oats. Wheat. 

State. 

Owners. | Tenants. | Owners. | Tenants. | Owners. | Tenants. 

[W003 10 NTFS es ies Ry eae oe eee 42.6 41.1 31.9 32.4 89.8 92.3 
RINTIOlds: Sere es. ee he toe eee: eee 42.9 41.7 32.3 32. 2 95. 6 96.1 
NOW fee cope coe nn out camicn sued Upon anaeeare 39.8 38.7 28. 1 28.3 88.9 88.2 . 
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It is generally figured that a bushel of corn will produce 10 pounds 
of pork. If this is true, the crop farmer received only about half as 
much for corn as did the live-stock men. On the other hand, the 
stock farmer had losses due to disease, more expeiise, more labor, and 

a larger investment, but the difference in the relative prices of hogs 
and corn more than offset these factors. 

Another reason the live-stock man did-much better was because he 
utilized his labor. The crops grown in those regions do not fully 
utilize the farm labor throughout the year, but by having live stock 
the men had something to do during the winter months and were well 
paid for their work. 

There have been periods in the history of the North Central States 
when the live-stock men received the smaller incomes, and they are 
likely to occur again. This condition will occur when there is a 
large overproduction of hogs and a short corn crop, thereby forcing 
the cash price of corn higher than could be obtained through feeding 
it. Experienced observers of the profitableness of farming in these 
States agree that the man who follows the practice of feeding his 
crops generally wins out in the long run. He will have his off years 
once in a while, but over a long period the chances are largely in 
his favor. 

COMPARISON OF YIELDS OF VARIOUS CROPS. 

It is commonly supposed that the live-stock farmers make greater 
profits, due to much better yields. The yields of corn, oats, and 
wheat on the two types of farms are given in Table XXVI. 

TABLE XXVI.—Comparison of the crop yields on farms operated by owners and 
tenants in Indiana, Illinois, and Towa. 

Operated by owners (273 farms). 

State. Live-stock farms. Crop farms. 

ee Yield per acre (bushels). Na Yield per acre (bushels). 

ber. | Corn. | Oats. | Wheat.) P®- | Corn. | Oats. | Wheat. 

rich vrEl Ayer eee tS ses Se ee lr 95 52 47 20 28 el 49 18 
Wisin) - ees Se eee eee pe eee 32 60 43 17 41 51 36 18 
NOW Glew Bas odes Sas eee e Oo ae eee Beare 67 37 35 20 10 42 Soule seecee 

ROtawOTmaAveEAgessa2-2 2522s coe 194 50 42 19 79 48 40 18 

Operated by tenants (247 farms). 

State. ~ Live-stock farms. Crop farms. 

Nae Yield per acre (bushels). ene Yield per acre (bushels). 

ber. | Cor. | Oats. | Wheat. Pe | Com. | Oats. | Wheat. 

HG aT ae shee See ee tee 46 53 45 19 37 51 | 46 18 
NNN OSs oes eA os east oe Seen = 13_ 59 42 15 58 51 39 15 
Owen yore a oie a ee BEL She 58 35 31 17 35 37 Sar altyaseet2 

Total or average.......---.----- 117 49 39.3 17 130 46 39.6 16.5 
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There is a slight difference in yield in favor of the live-stock men. 

The results for the one year are only an indication, further studies 
being needed to determine this point. However, the difference in 
crop yields is not as great as many persons suppose. The larger 
profits of the live-stock type of farming are due, primarily, to a bet- 
ter utilization of the farmer’s time and to the relative selling price 
of hogs and corn. 

° SYSTEMS OF FARM TENURE. 

Two systems of farm rental are found in the districts studied in the 
three States. The most common one is a share basis, whereby the 
owner furnishes the land and one-half the grass seed and pays one- 
half the cost of thrashing and all his taxes and insurance. All grain 
crops are shared equally, the tenant agreeing to deliver the landlord’s 
share to the elevator or market. In a few cases, especially in Indiana, 
where the grain is fed instead of sold, the owner furnishes half of 
the productive stock. Where the landlord furnishes no stock and 
sells his half of the grain the tenant may sell or feed his share. All 
hay or roughage is usually fed on the farm. In the grain districts 
very little hay is grown, the farmers using oat straw for feeding their 
horses. 

RELATION OF THE SYSTEM OF RENTAL TO THE TENANT’S INCOME. 

The kind of a lease the tenant secures has a bearing on his income. 
Table XXVIT gives the labor incomes of tenants renting under both 
systems. The tenants paying their rent in cash received greater in- 
comes in Indiana and Illinois, but less in Iowa. They have greater 
capital, although they are on smaller farms. 

TABLE XXVII.—Relation of the system of rental to the tenant’s income on 247 
farms operated by tenants in Indiana, Illinois, and Towa. 

Cash-rent system. Share-rent system. 

State. 
Number | Tenant’s| Labor | Number} Tenant’s| Labor 
of farms. | capital. | income. | of farms. | capital. | income. 

Ihave lt:sat eee eS oe een ea Geman. Ee 14 $2, 272 $864 4 69 $1, 654 $733 
lilisto Si al OUeT Le 17 3,118 1, 440 54 2,788 1, 044 
Towar itl ec le See eR ie a 27 2,942 689 66 2,555 7217 

Totalior Averace... 2-25. .a enc... ee 58 Dai 998 189 2,332 835 

With the cash-rent system a tenant needs more capital: than on 
the share basis. He has to bear all expenses and furnish nearly 
everything for operating the place. He takes greater risks and in 
a poor year stands a chance to lose heavily. If he has no surplus 

capital he may have to sacrifice some of his working equipment to pay 

the rent. 
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The year for which the records in lowa were taken was 20 per cent 
below normal, and this is the main reason the cash-rent tenants made 
less than those on a share basis. In a normal year they would 
undoubtedly have made from $800 to $900 in labor income. 

When the landlord rents for cash he assumes very little responsi- 
bility and has no work to do in looking after the farm. He is there- 
fore entitled to only a fair income on his investment and to no pay 
for general supervision. 

RELATION OF THE SYSTEM OF RENTAL TO THE LANDLORD’S INCOME. 

In Table XXVIII are given the incomes the landlords received 

on the same farms as shown in the preceding table. 

TABLE XX VIII.—Relation of the system of rental to the landlora’s income on 
247 farms operated by tenants in Indiana, Illinois, and Iowa. 

Cash-rent system. Share-rent system. 

State. Niner Land- | Returns Namba Land- | Returns 
Spiariig lord’s joncapital Bains lord’s | on capital 

~ | capital. | invested. ‘| capital. | invested. 

Per cent. Per cent. 
ThavSlie nae) se AEE Ses Aer eal ate ee ee gee 14 | $14, 968 3.42 69 | $19,126 3.55 
Wier OS Beer eee es eet Mec wae hk se et 17 28, 771 2.50 54 38, 906 3.89 
NOW ine Ga dao e sta See eo ere ee ae 27 19, 114 2.37 66 21, 388 3. 49 

Total or average...-.--.------ eles 58 20, 951 2.76 189 26, 473 3. 64 

Those who leased their farms on a cash basis received a much lower 
return than those on a share basis. This is to be expected, for the 
tenant took the risk and, as in Iowa, did not make as much as if he 
had rented the farm on shares. 

The relative merits of the different systems of renting will not be 
discussed here. It is a subject of most vital importance and needs 
careful investigation. The present basis followed in the share system 
of rental has serious defects, which need adjusting for different 
regions according to the crops grown and the type of farming fol- 
lowed. 

COMPARISON OF CROP YIELDS ON FARMS OPERATED BY OWNERS 
. WITH THOSE OPERATED BY TENANTS. 

It is the general belief that tenant farms have been robbed of their 
crop-producing power. The records for one year are by no means 
conclusive, yet when taken from adjoining farms in each district 
they are an indication of the results secured under both kinds of 
tenure. 
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In Table XN XIX is given the average yield for corn, oats, and 
wheat on the owner and tenant farms in the three States studied. 

TABLE XXNIX.—Compdarison of.crop yields on owner and tenant farms in Indiana, 
Illinois, and Towa, : 

Yield per acre (bushels). 

State. Corn. Oats. Wheat. 

Owner. | Tenant. | Owner. | Tenant. | Owner. | Tenant. 

ridiana S28 ee Sa eee epee 52.5 52.2 47.8 45.5 19.5 19.0 
LUN ate) GE SAE CARE eo SAPS Ree aeons 54.5 52.2 38.2 39.7 17.4 “15.4 
HOW der. od atone ake t So ae Pe aos aad 37.9 _ 36.4 34,9 32.6 19.7 16.8 

SAMOTAGO CESS Solee Sea Pek ea eee Boe 48.3 , 46.9 40.3 39.3 18.9 Wes 

The farms operated by owners averaged about 2 per cent better 
yield than those operated by tenants. The difference is small, much 
less than many persons imagine. Given equally productive soil, 
the tenant farmer will grow as good crops as the owner. The tenant 
has to work for what he gets, while the owner, often having large 
real estate holdings, does not need to hustle as much, because a return 
of even 2 per cent on his capital is sufficient to give him a good living. 
The tenant farmer is unjustly criticized for conditions over which 
he has no control. He is compelled to agree to terms of lease whereby 
the landlord sells his half of the products regardless of the wishes 
of the tenant. With most of the farms rented on half shares the 
landlord and not the tenant is largely responsible for the wasteful 
system of farming. 7 

RELATION OF THE INCOME TO THE AGE OF THE FARMER. 

Under average conditions the farm is no place for the weak or 
for those unable to direct work. The man who intends to spend his 
working life in the country should start early, for success is not 
gained in a moment but by many years of persistent effort. It is 
true that some farmers have made small fortunes in a short time, but 
this is usually through a phenomenal rise in land values. Few men 
have become rich from the real profits of the land. Those who have 
done so usually needed a lifetime in which to work. Through skill 
in management and by hard labor a comfortable living and mod- 
erate profits may be expected. Those persons who are turning to the 
farm with the idea of reaping large incomes are doomed to severe 
disappointment. 

The average age of the farm owners and the number of years they 
have been farming are given in Table XXX. 
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TABLE XXX.—Relation of the farmer’s income to his age and other factors on 
273 farms operated by owners in Indiana, Illinois, and Towa. 

; : Number | Number Age Age 
Income. Age. of years | of years began | became 

a tenant. |anowner.| farming. | owner. 

s<Ohll GIL. ITO aes AS rue ert eee ese ee eed a 6207 3.0 21.3 | 28.4 31.4 
St (na) SOO) S Se eo Se NR gen et eo a 49.0 2.0 17.3 29. 7 ail, 
SOND THO SHED che hese I etch 48.8 2.6 18.3 | 27.9 30.5 
POMONA OMe see Same e eee. ee ak lee A eee se 47.3 4.6 17.6} sy Ab 29.7 
~-LhqEUL, GC XG oa aa Dl nal et 48. 0 3 29.6 26.1 97.4 

EC CLAC CMe Pee Ses nee ee Sine onan 49.8 25 19.2 27.4 29.9 

Those making the poorest incomes were 28 years of age when they 

started farming and were past 30 when they became owners. On 
the average the oldest men are making the least profits. | 
Many of the farm owners in the North Central States whose records 

are included in this report started in farming as homesteaders, or 
else bought their places when land was cheap as compared to 
present prices. On the average these men rented land for 2} years 
before becoming owners. This is a much shorter period than is re- 
quired to-day. Land values in these regions are so high that many 
years of work as a tenant are necessary before sufficient funds can 
be acquired with which to buy a farm. The large amount of capital 
required and the long time necessary in which to earn this may have 
the effect of making more tenant farmers. 

In Table XXXT are given the ages of the tenants and the time they 
began farming for themselves. No data showing how long these 
men worked as hired men before becoming tenants are available. 

TABLE XXXI.—Relation of the income to the tenant’s age and other factors on 
247 farms operated by tenants in Indiana, Illinois, and Towa. ~ 

Number Number a Age 
Income. Sauna Age. of years oe years nego | of farms. atenant,| 0% this eer 

*| farm. suntan 

eh leeia sad OT Cra ee Se Se SM eee a bee see ee 3 44.7 9.0 | Be 35.7 
IB COM DOO oA sem Gatowmnt lorie Soot ecw e pose eeitecie ss = | 25 42.1 12.8 } 6.0 29.3 
SO MbOPRAOO RAE =e Shoe ae CHE MR be fee ve jek 40 38.3 9.2 4.4 29.1 
COANOUL (ios EOI Soe corte sie pes ee ee nen eee ea ae 41 36. 4 8.6 | 5.4 27.8 
Oil 1 CRUD se soeet ean eee See eee eee Bete aeee Saas aes 35 36. 6 8.4 4.9 28.2 
SSO bOIB OOO) 2 es Sees 2st ates ae ee iy Bate tials | 33 36.5 9.0 58 27.5 
LUO it AO Ses pee cenes Sane eehoeese ences seeewees | 41 35. 1° 8.9 4.9 26.2 
Sh PAUL to) CPA OT OO) se aa erg = Oa 12 33: 7 6.8 4.9 26.9 
A (nan GuOvienenac ase some | seeks eee ay see aes fe 17 35.3 3) 4.5 30.0 

AROLAL OMAN CLAP Canoe Sane sa ee ees, ober ae 247 37.0 8.9 51 28.9 

Results shown in other tables in this bulletin prove conclusively 
that the more capital a tenant has the greater his income; that is, the 
larger business he operates the larger is his pay. It might be 
expected, then, that the oldest tenants would be making the largest 
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incomes. The results as given in Table XX XI show just the reverse; 
the oldest tenants make the lowest incomes. They have the least 
capital and farm the smallest areas. They are men, few in number, 
who are poor and inefficient farmers naturally, and who are not able 
to save enough money to buy a farm. Therefore, landlords with 

good farms will not rent their land to them, and they are compelled 
to take the least desirable farms.in the neighborhood. The enter- 
prising young men soon acquire sufficient funds to discontinue renting 
and become farm owners. The tenants of to-day seem to start in 
farming younger than did the owners who began’15 years ago. 

The common saying that the tenant farmer moves from one farm 
to another every year is not supported by the data in Table XXXI. 
Five years is the average period that the tenants had rented the 
farms of which the records were taken. 

RELATION OF THE EDUCATION OF THE FARMER TO HIS INCOME. 

Unquestionably one of the best things for a young man who intends 
to become a farmer is a good high-school education. Many farmers 
with very little schooling succeed, but these same men would do better 
if they had had the opportunity of further training. No one ever 
hears a farmer regret that he spent a part of his early life in school. 

In Table XX XIT the farmers are divided according to the extent 
of their education. 

TABLE XXXII.—Felation of the owner’s or tenant’s education to his income on 
farms in Indiana, Illinois, and Towa. 

Operated by owners (273 farms). Operated by tenants (247 farms). 

Education. Num-)| Aver- | Aver- es Aver- | Num-| Aver- | Aver- hes Aver- 
ber of age size | age cap- idbon age | ber of |agesize age cap- jeeee age 
farms. | (aeres).| ital. income.| 28° farms.| (aeres).} ital. income.| 28¢- 

None at school. ....--- 4 | 91 |$15,039 | —$586 55 4 118 | $1,650 $680 40 
Common school. ....-- 214 | 165 | 27,494 301 51 186 167 | 2,200 742 38 
Bien school. 9. ssee | 46 | 206 | 37,725 651 46 51 190 3, 203 1, 268 33 
College, etc...........- oF 240 | 42,781 796 53 6 294 | 3,351 1,721 Al 

Total or average. 273 178 | 30,606 408 49.8 247 172 | 2,481 870 37 

There were only eight men, four owners and four tenants, who 
never had a school training. Of the owners and tenants 77 per cent 
attended a common or district. school. About 18 per cent attended 
a high school, and one out of every 35 went to college or to some 

institution of similar grade. 
On the whole the tenants had received more education than the 

owners, 23 per cent of them having more than a district-school 
education, while only 20 per cent of the owners had such training. 
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Those men having the best training made the largest incomes, 
although they were materially helped in doing this by much larger 
farms and greater capital. 

To determine the real influence of education, the tenant farmers 

having the same training were divided according to their capital 
(Table XX XITIT). 

TABLE XXXIII.—Felation of education to profits of tenants with equal capital. 

Capital and training. 

Units of comparison. $1,000 and less. $1,001 to $2,000. $2,001 to $3,000. Over $3,000. 

Common| High |Common| High |Common| High |Common| High 
school. school. school. school. school. school. school. school. 

Number of farms... .- 23 | 3 73 19 54 12 40 23 
Average size...acres-. 69 109 138 123 184 165 251 266 
Average age of farmer. 36.4 29.3 36.9 lent 39.8 28.3 39.5 36.8 

Average capital... .... $686 | $730 $1, 517 $1, 549 $2, 427 $2,513 $4, 023 $5, 095 
Average labor income 318 | 259 561 659 864 866 1, 086 2, 087 

The difference is in favor of the high-school men, especially in the 
group of those having over $3,000 capital. In this case they made 
nearly double the average income. 

Considering that the farm boys of to-day will be the farmers 
of to-morrow, altogether too little attention is given to their train- 
ing. Farming is a business the same as any other industry, and 
until our schools teach some of the fundamental principles governing 
profitable farming the farm boy is likely to seek work elsewhere. 
Many boys leave the farm because they see no future in it. Another 
important reason is the lack of profitable work at home. A moderate- 
sized farm is necessary to give employment to the farmer and his 
sons. The small farm does not provide work; hence, the boys must 

find employment elsewhere. Let them fully understand how farm 
profits and losses are made and there will be an incentive to remain. 
First make our farms profitable, and the question of keeping the boys 
there will solve itself. 

FARMING AS A BUSINESS. 

By studying a sufficient number of farms in a region one may 
learn how the more successful farms differ from the less successful. 
So far, this discussion has dealt only with an analysis of the farm 
business. From this study of profitable and unprofitable farms cer- 

tain important principles governing farm organization are clearly 
brought out. These fundamentals are as follows: (1) Size of busi- 

ness, (2) quality of business, (3) diversity of business, and (4) 
adaptability of the type of farming. ‘ 

Ps 
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Size of the farm business——No one expects a small grocery store 
which has only a few customers a day to be a great financial success. 

The total amount of business is insufficient to earn the operator a 

substantial income. [Exactly the same is true with the small farm. ' 

The volume of business is limited by the area in crops and the 
capital invested. The small farm furnishes a home as well as much 
of the produce consumed by the family. If it were not for these 
factors the men on the small area would hardly be able to live. 

Wages are a reward for labor, and if a farm does not provide 
work the pay must be correspondingly small. The family-size farm, 
which in the corn belt should be above 100 acres, is unquestionably 

a more efficient unit than an area of 40 acres or less. Crops can be 
grown cheaper, labor will be better paid, and the farmer and his 
family will enjoy more of the benefits of modern civilization. 

Quality of the farm business—The farmer may have sufficient area 
and grow the right kind of crops, yet not be successful, owing to the 
poor quality of his entire business. Poor crops that do not pay the 
cost of production, and the feeding of these to, unproductive live 
stock are common causes of failure. This characteristic of unsuc- 
cessful farming attracts much public attention. Such farms are un- 
profitable largely through ignorance or indifference on the part of the 
operator. Under good management they can generally be made suc- 
cessful. 

Diversity of the farm business—Improper organization of a large 
farm limits its possibilities, just as area limits the small farm. 
Single crops or single live-stock enterprises seldom utilize farm 
labor to its maximum. By having several crops there is not only 
better distribution of labor, but the chances of total loss from crop 
failures are lessened. Fortunately, corn, oats, and wheat utilize the 
farmer’s time pretty thoroughly through the growing season. In 
some parts of this country certain crops that need labor only a part 
of the year may be so profitable that the farmer can afford to be idle 
the rest of the year. However, these are the exceptions. Most crops 
are not profitable enough to permit any such practice. Idle horses 
and machinery are nearly as. expensive as idle men. (See fig. 10.) 
If the working equipment can all be kept busy on paying enterprises, 
success is almost assured. ‘ 

Adaptability of the type of farming—KKqually important in the 
selection of enterprises to permit the maximum use of labor is the 
consideration of the profitableness of each. Dairy cows and cash 
crops may utilize all of the farmer’s time, but in certain regions, 
possibly, dairy cattle under the best management could hardly be 
made to pay a profit. Markets and other conditions have to be care- 
fully considered in choosing the enterprises which are to constitute 
the main sources of income. Fitting the right crop to the soil and 
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selling it to the proper market or feeding it to the right kind of live 
stock are important factors. Following such types of farming as are 
unsuited to the region is often a cause of unprofitable agriculture 
in some of the older settled States. 

The wide fluctuation in prices of certain crops makes it extremely 
difficult for a farmer to choose a definite rotation. One year they 
willebe such as to give handsome profits on certain crops, and the 
next year they may be insufficient to pay the cost of production. The 
question confronting the average farmer is not so much one of pro- 
duction as it is of marketing. Most farmers are able to grow a suffi- 
cient quantity of crops to give them a very comfortable living if they 
are assured of reasonable prices for their products. However, under 

present conditions the farmer has to take big chances with nearly all 

Fic. 10.—Farm work horses and mules in pasture during the month of August, illustrating 

a practice which is common in many sections. 

of his crops. If he isso unfortunate as to have a combination of 
crops every one of which is low in price in some particular year, 
severe losses will be the result. Potatoes, apples, peaches, onions, and 
cabbage are good illustrations of the crops that fluctuate widely in 
price from year to year. 

The essential characteristics of the more successful farms are a 
sufficient area and a proper organization of well-selected farm enter- 
prises to permit the maximum use of men, horses, and machinery. 

3 

SUMMARY. 

The aim of the farm-management survey is to determine the fac- 
tors governing the profitableness of farming as a business. 

The results from the three districts selected in Indiana, Illinois, 
and Iowa indicate what may be expected from the utilization of 
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high-priced land under an expansive system of agriculture. In the 
region studied the owners made good profits. The average labor in- 
come of the farm owners was $408 and of the tenants $870. In addi- 

tion, the operators had a house to live in and those products which the 
farm furnished toward their living. 

The landlords, on the average, received 3.5 per cent on their in- 
vestments. The size of their investments had no appreciable bearing 
on the rate of income. 
Assuming that the year in which this study was made was a nor- 

mal one, a labor income of $870 to the operator, whether owner or 
tenant, and a return of 3.5 per cent on the capital invested may be 
expected. 

The tenant’s income is in direct proportion to his capital and the 
size of the farm he operates. Men owning small farms often materi- 
ally increase their incomes by renting additional land. This affords 
a better utilization of their equipment without much increase in 
capital. 

The tenant’s income is in proportion to the risk he assumes. On 
the cash-rent basis his income is greater in a good year and less in a 
poor year than when he rents on the share basis. 

The farmers making the lowest labor incomes are on big farms, 
but fail through inefficient management. Poor crops, low prices for 
products sold, poor stock, failure to work, and unused oe are 
the main causes contributing to their failure. 
Modern machinery, with the use of more horses and fewer men, has 

made the farm of less than 100 acres an inefficient unit. Further re- 
adjustments in area will occur, which will tend to lessen the number 
of persons needed and at the same time increase the net production of 
the farm. 

The system of agriculture found in the corn-growing States is an 
excellent example of the expansive type of farming developed on the 
basis of the farm work horse as the motive power. This system is in 
direct contrast to the intensive type found in some of the countries of 
southern Europe, where the man and not the horse furnishes the 
labor. The American type needs large areas and is based on the 
maximum product per man. The European type requires a small 
area and is based on the maximum product per acre of land. 

In the corn-belt States the family-size farm is the most desirable. 
It provides work for the farmer and his sons and permits the best use 
of men, horses, and machinery. If the small farm has a place it 
must be near a city and should be highly diversiiag in its organi- 
zation. 

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1914 
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THE ACTION OF MANGANESE IN SOILS.’ 

By J. J. Skinner and M. X. Suttivan, 

Assisted by J. H. Beattie, F. R. Rem, and H. WincKELMaAnNN, 

Scientists in Sow Fertility Investigations. 

The effect of manganese on soils and crop yields is a question of 
much interest and has caused considerable comment for the last few 
years. Practically no work on its use as a fertilizer has been reported 
as done in this country, and only a limited number of tests are 
reported in.foreign literature. 

The present paper embodies the results of a series of experiments 
upon the effect of manganese salts in soils. These results it is believed 
throw some light on the action of manganese. 

The quantity of manganese differs considerably, but it occurs in 
small amounts in practically all soils. It has been found in a number 
of soils in rather large quantities. In Wolff’s? tables are men- 
tioned four soils, each of a distinct type, where the manganese ex- 
pressed as manganese dioxide varies from 0.042 per cent in a humus 
soul to 0.135 per cent in a loamy soil. More recently Kelley * has 
reported some pineapple soils that contain in some cases less than 
0.1 per cent and others as high as 9.74 per cent Mn,O,. Robinson,‘ 
of the Bureau of Soils, has examined 26 American soils and found 

each to contain manganese, varying in amounts from 0.01 to 0.51 

1This study of the action of manganese in soils has been made from various viewpoints and has accord- 
ingly involged otherwise separate lines of investigation. The cultural tests, including the growth of plants 

in pots and solution cultures, together with the oxidation effects on plant roots, were made by Mr. Skinner 
and Mr. Beattie, while the field experiments were executed by Mr. Winckelmann. The oxidation and 

catalytic experiments on the field soils were made by Dr. Sullivan and Mr. Reid. The experiments 
demanded close cooperation between the various workers to produce the results obtained.—OswaLD 

SCHREINER, Scientist in charge. 
2Wolft, E., Aschen-Analysen, von Land und Forstwirthschaftlichen Producten. 2, 16 (1870-1880). 

® Kelley, W. P., The influence of manganese on the growth of pineapples. Press Bul. 23, Hawaii Expt. 
Sta. Jour. Ind. and Eng. chem. 1, 533 (1909). 

4Sullivan, M. X.,and Robinson, W. O., Manganese asa fertilizer. Cir. 75, Bureau of Soils, U.S. Depart- 

ment of Agriculture (1912). 

NotEe.—The results given in this bulletin throw considerable light on the effect of this catalytic fertil- 

izer in various soils. Manganese asa fertilizer is comparatively unknown and untried in this country, so 

that discussion of its action is necessarily scientific, yet of great interest to those growers whose technical 

trainingdnduces them to experiment with new substances to increase or control crop production, 

25873°—14——1 
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per cent MnO, the average content bemg 0.071 (instead of 0.20 per 
cent given in the circular). 

This element is universally found in plants, frequently in relatively 
large quantities, exceeding often that of the related element iron. In 
the ash of beech leaves was found in one case 11.25 per cent Mn,O, 
and only 1.07 per cent Fe,O,.1_ Manganese has been found in the 
various organs; young shoots and leaves are especially rich in the 
-element.2 The conifers have a higher per cent than have leaf-bearing 
trees. One case has been reported where 35 per cent was found in 
the ash of pine needles and 41 per cent in the ash of pine bark.’ 
Kelley * has reported the analysis of a large number of plants grown 
on two different soils. The ash of these vary in manganese content 
from a trace in the case of wheat straw to 1.70 per cent Mn,O, in 
pineapple leaves grown on normal soil. Of plants grown on soil high 
in manganese content, the analysis showed the ash of wheat straw to 
contain 0.22 per cent and pineapple leaves to contain 2.41 per cent, 
the highest quantity being in the leaves of Waltheria americana, which 
contained 8.70 per cent Mn,O,. While manganese is found universally 
distributed in plants and exists in most soils, it is recognized that it 
does not serve directly in a plant-food capacity. Plants have been 
raised in water cultures to perfection in the absence of any added 
manganese. Nevertheless, manganese salts have been frequently 
recommended in soil work for the increase of crop production, either 
as soil amendment or fertilizer, although its action is neither well 
understood nor its effects on crop yield very definitely determined, 
the results in the literature being often contradictory. Its recent 
prominence as a catalytic fertilizer makes a knowledge of its action 
in soils of considerable interest. 

REVIEW OF EARLIER EXPERIMENTS WITH MANGANESE IN SOIL 
CULTURE. 

The study of the effect of manganese on growth has been made 
almost entirely in foreign countries. The application of manganese 
compound in soil culture has given widely different results. In 
some cases there were beneficial actions, in others harmful,*and in 
a large number of the experiments the results were negative. 

Of the various forms of manganese, the sulphate and chloride have 
been used most by investigators. Nagaoka ® working with the cul- 
ture of rice in frames in paddy fields found that manganese sulphate 
added at the rate of 25 kilos of Mn,O, per hectare (about 20 pounds 

1 Wolff, E., loc. cit., 1, 121. 

2Pichard. Comp. rend., 126, 550 (1898). 

* Schroder, T., Forstchemische und pflanzenphysiologische Untersuchungen, Thorand, 1878. 

ae pao P., The function and distribution of manganese in plantsand soils. Bul. 26, Hawaii Expt. 

5 Nagaoka, M., On the stimulative action of manganese upon rice. Bul. Col. Agr. Tokyo, 5, 469 
(1902-3); 6, 135 (1904-5); 7, 77 (1906-1908). 
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per acre) caused an increased growth of 37 per cent; that the produc- 
tion with smaller amounts of the manganese fertilizer increased uni- 
formly up to 25 kilos per hectare; but with additions larger than this 
there were no correspondingly larger increases. There was a residual 
effect, the second year showing an increase of 8 per cent. The third 
year the experiment was repeated on the same plots and an increase 
of 15 per cent only was secured where two years before the same 
application of manganese gave an increase of 37 percent. The fourth 
year manganese in the form of sulphate, chloride, and carbonate in 
amounts of 25 kilos per hectare were used on these plots. Manga- 
nese sulphate and chloride this time depressed the yield; the carbon- 
ate caused no change. It is stated that the plots had become acid, 
due to the continued application of manganese, and that the weather 
conditions of the last year were unfavorable to the growth of rice. 

K. Aso has also shown that manganese increases the production 
of rice. The work was conducted in large plots in the paddy field of 
the Tokyo College Experiment Station. Manganese chloride was 
used in amounts of 25 kilos of Mn,O, per hectare. The first year 
there was an increase of 41.8 per cent, yet with continuous culture 
and an application of the manganese before each crop the increase 
for the second and third years did not exceed 3 percent. He attrib- 
utes the small increase secured the second and third years to the 
fact that the plot the year before produced a large crop and left the 
soil in an acid condition. An application of lime made the plot 
more productive. 

T. Katayama?” made some experiments with barley, using manga- 
nese in the form of sulphate. The work was done in large pots hold- 
ing 8 kilos of soil. The soil had received no fertilizer for five years 
and was in a deteriorated condition. A general fertilizer was applied 
to all the pots. The manganese sulphate was applied in amounts 
from 0.01 per cent to 0.10 per cent as a top dressing.? He secured 
appreciable increases by using the salt at the rate of 0.01 per cent; 
amounts higher than this caused adecrease. Ironsulphate plus man- 
ganese also gave stimulation when used in amounts of 0.01 per cent. 

S. Kakehi and K. Baba * fotind that manganese carbonate increased 
the growth of barley and peas. Their experiments were conducted 
in pots, using soil which had received a general manuring. The man- 
ganese was applied at the rate of 0.01 per cent. The stimulation 

131 (1904-5). On the continuous application of manganese chloride in rice culture. Bul. Col. Agr. Tokyo, 

7, 449 (1906-1908). 
2Katayama, T., On the degree of stimulating action of manganese and iron salts on barley. Bul. Col. 

Agr. Tokyo, 7, 91 (1906-1908). 

3 These amounts seem excessive, corresponding approximately to an application (the larger one) of 2 tons 

per acre-foot. 

4 Kakehi, S.,and Baba, K., Observations on stimulation of plant growth. Bul. Col. Agr. Tokyo, 7, 455 

(1906-1908). 
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was greater with peas than with barley. Manganese sulphate used 
in the same manner caused a stimulation in the growth of wheat. 

Voelcker* at the Woburn Experimental Station, England, made 
experiments in pots to study the effect of the different compounds of 
manganese on wheat and barley. The chloride, sulphate, phosphate, 
and nitrate of manganese stimulated growth in both wheat and bar- 
ley. The stimulation was greatest with barley. The iodide and car- 
bonate had a detrimental effect. The oxides were harmful to both 
cereals. The surface of the soil in these pots was stiff and hard and 
turned dark, which indicated excessive oxidation. 

Fukutome? secured results showing that the joint application of 
manganese chloride and ferrous sulphate had a beneficial effect on 
the growth of flax, while each alone in the proportion of 0.4 grams 
to 8 kilos of soil had but little effect. 
A continuous culture experiment * with wheat and maize was con- 

ducted at Suessola, Italy, using manganese dioxide with manure. In 
some years there was an increase and in others a decrease. 
Namba‘ effected increases by the use of manganese sulphate in 

amounts of 0.1 and 0.2 gram to 8 kilos of soil with the culture of 
onions. He secured an increase of 59 and 38 per cent, respectively. 
Amounts as high as 0.5 gram in a pot of 8 kilos of soil depressed 
growth considerably. Gregoire, Hendrick, and Carpiaux * worked on 
the action of manganese sulphate on potatoes on a rich soil without 
securing any beneficial action. Loew ® working with pots secured 
very little stimulation with tobacco and only a slight increase with 
potatoes. He also found that manganese chloride decreased the 
yield of millet, where the manganese was applied the previous year 
to another crop. 
Loew and Honda’ obtained an interesting result with young 

cypress trees (Cryptomeria japonica), which received manganese sul- 
phate as a top dressing in monthly applications for one year and a 
half. The organic production was doubled compared with the con- 
trol trees. Manganese proved beneficial to vine culture and the 
culture of trees in general. 
Ray and Pradier ® fertilized apricot trees with manganese, which 

increased vegetation and produced larger fruit. 
Bertrand ® secured beneficial effects with oats, using manganese 

sulphate in field plots in amounts of 45 pounds per acre. In more 

1 Voelcker, Jour. Royal Agr. Soc., 64, 348 (1903); 65, 306 (1904). ; 

2 Fukutome, Y., On the influence of manganese salts on flax. Bul. Col. Agr. Tokyo, 6, 137 (1904-5). 

3 Italo Giglioli. Amnnaliscuolaagricoltura Portici. Ser. 2, p. 159 (1901). 

4 Namba, L., On the behavior of onion to stimulants. Bull. Col. Agr. Tokyo, 7, 635 (1906-1908). 

5 Bul. Agricole, Bruxelles, 28, 388 (1907). 

6 Loew, O., On the treatment of crops by stimulating compounds. Bul. Col. Agr. Tokyo, 6, 161 (1904-5). 

7 Loew, O., and Honda, S., Ueber den Einfluss des Mangans auf Waldbiume. Bul.Col. Agr. Tokyo,6, 

125 (1904-5). 
8 Ray, G., and Pradier, G., Nitrate d’uranium et sulfate de manganése, leur emploi avantageux en 

arboriculture fruitiére. iL Erigtats) 24, 1029 (1909). 

° Bertrand, G., Compt. rend. 141, 1255 (1905). 
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recent 1 work with pot experiments, manganese sulphate increased 
the yield of peas, barley, and radish. Oats were increased 9.5 per 
cent with 60 kilos per hectare. Rape, lupine, and alfalfa were also 
stimulated. The best results were obtained by using 30 to 50 kilos 
of the dried sulphate per hectare. Quantities as great as 100 kilos 
gave less favorable results. 

The work of N. Strampelli,? G. Salomoni,? G. Bellini, G. Paris,® 
and others, has demonstrated the beneficial action of the various 
manganese compounds on wheat and other cereals when used, alone 
and in combination with general fertilizers, in small amounts not 
exceeding 50 kilos per hectare. Bernardini ® showed that consider- 
able increases were obtained in the yield of wheat and corn by the 
use of manganese chloride. 

Sutherst’? working with corn in pots secured beneficial results from 
the use of manganese sulphate, chloride, and dioxide. The dioxide 
was more stimulating than the other forms used. In v. Feilitzen’s ® 
work with oats on a poor moor soil, to which a general fertilizer was 
added, manganese sulphate used at the rate of 10 kilos per hectare 
had no beneficial effects. 

Rousset ® reports some experiments made by Stoklasa, with beets, 
who secured an increase in yield by an addition of manganese salts. 
Grégoire, Hendrick, and Carpiaux '° applying manganese sulphate 
found a decrease in yield, but the sugar content of the beets was 
higher. The amounts used varied from 10 to 50 kilos per hectare. 

Pfeiffer and Blanck™ conducted some pot and field experiments 
with oats and beets in which they secured an increased yield, using 
manganese sulphate, carbonate, and nitrate. Andoward ? found that 
manganese carbonate applied at the rate of 270 pounds per acre 
increased the yield of wheat and kidney beans and decreased the 
yield of carrots and potatoes. 
A number of other experiments with manganese salts have been 

made. Many of these tests have proved beneficial, while a great 
many other experimenters have secured negative results. The 
results seem to vary according to the circumstances. Not only the 
mode of application but the manures used influence the results. 

1 Bertrand, G., Manganese as a catalytic fertilizer. Orig. Com. 8th Intern. Congr. Appl. Chem., 15, 

39 (1912). 
2 Attidel VI Congresso internationale di chimica applicata., 6, 14 (1907). 
3 Manganese elo voiluppo delle piante. Staz. sper. agr. Ital., 40, 97 (1907). 

4 Agricoltura Senese, 31,14. (1907.) 

5 Giornale di Viticollura edi Euologia, 14, No. 1 (1906). 

§ Bernardini, Funzione del manganese nella concimazione. Staz. sper. agr. Ital., 43, 217 (1910). 

7 Sutherst, M., Manganese compounds as fertilizer for maize. Transvaal Agr. Jour., 6, 437 (1908). 

Sy. Feilitzen, Stimulating effect of manganese salts on crops. Jour. Landw., 55, 289 (1907). 

9 Rousset, An. Sci. Agron.,3. Ser.4. II, 81 (1909). 

10 Grégoire, Hendrick and Carpiaux, Bul. Agr. (Brussels), 28, 388 and 764 (1907.) 

1 Pfeiffer and Blanck, Beitrag zur Frage tiber die Wirkung des Mangans auf das Pflanzenwachstum. 

Landw. Vers. Sta., 77, 33 (1912). 

12 Andoward, A.and P., Action des engrais de manganése sur la vegetation. L’Engrais, 26,915(1911). 
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Repeated applications of small amounts in the form of top-dressing 
seem more favorable than a single application of the same amount 
of manganese salts at the time of manuring before the seed is sown. 
The stimulative action also seems to differ greatly with the character 
of the soil. Leidreiter,' working with oats, mustard, beets, and pota- 
toes, found manganese to have a beneficial effect. Similar results 
were obtained with beans with small amounts of manganese; large 
amounts, however, were injurious. Manganese showed best effects 
on humus soils, next on clay soils, and-least on sandy soils; this, 
however, varied to a certain extent with the kind of plant and the 
form of the manganese. Labergerie ? found manganese less effective 
in wet soils than dry, also found that manganese chloride was more 
effective when used with potassium sulphate. : 
A very extensive experiment was made by Uchiyama® on the 

action of manganese with different manurial mixtures on two soils 
having widely different characteristics. A variety of crops were 
grown, including the cereals, legumes, and vegetables. Hach crop 
was stimulated by the treatment, the increase varying from 5 to 60 
per cent. The legumes were most benefited. Repeated applica- 
tions as top-dressing throughout the period of growth gave better 
results than other methods of applying the substance. The amount 
of manganese salts gave best results when applied at the rate of 20 
to 50 kilos per hectare. In these experiments it was found that the 
manganese, when applied with fertilizers that have a neutral reaction 
and to soils that were neither acid nor alkaline, had a better a 
than when there was an acid or alkaline condition. 

Takeuchi* found that leguminous and coniferous plants were 
stimulated more by manganese than were grasses. Barley and 
other grains were least stimulated. 

Kelly’s > work at the Hawaii experiment station showed that some 
plants were less affected by manganese than others. He worked 
with a soil that was very high in manganese. Pineapples were 
seriously injured. Corn, peanuts, beans, cowpeas, and a number of 
the other legumes were also more or less injured. Sugar cane was 
not so much affected. Certain weeds, cotton, and a number of the 
truck crops were unaffected. 

The results of experiments with manganese as a fertilizer have 
been variable. In general the effect has been a beneficial one. In 
many cases, however, growth has either been retarded, or there has 
been no action. This may be due to certain soil conditions. Few 

1 Leidreiter, P., Behavior of manganese in the soil toward some agricultural plants. Inaug. Diss. 

Rostock. (1910). Biedermann’s Zentr., 40, 531. 

2 Labergerie, Semaine Agr. Paris, 26, 331 (1907). 

3 Uchiyama, Influence of stimulating compounds upon the crops under different conditions. Bul. Imp. 

* Centr. Agri. Exp. Sta., Japan, 1, No. 2, 37 (1907). 

4 Takeuchi, Difference of susceptibility of plants to stimulation. Jour. Col. Agr., Tokyo, 1, 207 (1909). 

5 Buls. 23, 26, 28, Hawaii Expt. Sta. 
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of the investigators, however, have given detailed description of the 
composition and character of the soil. A good deal of evidence has 
been secured by Kelly* and others which tends to show that the 
effect, whether beneficial or harmful, is an indirect one. The results 
show in a general way that manganese is beneficial to certain trees 
and leguminous crops and is harmful to root crops. It also seems 
that manganese is not stimulating to growth when applied to an 
acid soil. 

EXPERIMENTS WITH MANGANESE SALTS IN POTS. 

The effect of manganese salts was tested on soils in paraffined wire 
pots according to the method described in Circular 18 of the Bureau 
of Soils. Wheat was the plant used as the test crop. The soil was 
weighed out in pans and treated with the various manganese salts 
in different amounts and allowed to stand in a moist condition for a 
week before planting. Five pots were used for each treatment and 
six wheat plants grown in each pot. The wheat was grown in the 
ereenhouse for a month and then was cut and the weight of the 
ereen plant taken. Five pots of untreated soil were included in the 
experiment as a check. The increase or decrease in weight of the 
treated plants over the untreated was taken as the effect of the 
manganese. 

- The soil used in this experiment was a sandy loam, which was 
unproductive in the field, and did not respond well to general fertilb— 
zers. Five manganese salts were worked with, each in five different 
concentrations, namely 10, 25, 50, 100, and 250 parts per million 
of Mn. The salts tested were the chloride, sulphate.mitrate, carbo—* 
nate, and dioxide of manganese. The salts wq\> dissolved or sus- 
pended in water and applied to the soil. It 42s uioroughly mixed 
by sifting and after one week was put in the pots and planted to 

wheat. The wheat came up uniformly and grew well. Table 1 
gives the relative growth due to the various treatments. The 
growth in the untreated soil is taken as 100 and the figures, there- 
fore, represent relative green weight. The plants grew from Sep- 
tember 30 to November 6. 

TaBLe 1.—LHffect of manganese on growth of wheat plants in an unproductive sandy loam 
soul. Untreated taken as 100. 

Manganese 
(parts per MnCle. MnS0O4. |Mn(NOz)e.| MnCOs3. MnOz. 
Million). 

0 100 100 100 100 100 
10 119 122 116 lil 108 
25 129 121 121 119 104 
50 131 101 101 100 110 
100 115 122 100 91 111 
250 103 116 103 89 104 

1 Loc. cit. 
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Each of the manganese salts caused a stimulation in growth in 
this soil. The degree of stimulation, however, varied with the salt 
and with the amount. Manganese chloride and sulphate seem to 
have had the most effect, the chloride causing the greatest improve- 
ment. There was an increase in this case of 31 per cent when 50 
parts per million were used. Smaller amounts caused a correspond- 
ing increase. Amounts larger than 50 parts per million were not so 
beneficial. With manganese sulphate there was an increase of 22 
per cent in amounts of 10 to 100 parts per million. The result with 
50 parts per million would seem to be abnormal or inaccurate, since 
there is shown only an increase of 1 per cent, while with 25 and 100 
parts per million the increase was 21 and 22 per cent, respectively. 
Again, 250 parts per million was not as effective as smaller amounts. 

Where manganese nitrate was used the largest improvement was 
with 25 parts per million, which gave an increase of 21 per cent. 
Amounts larger than 25 parts per million caused no appreciable in- 
crease. There was a similar effect in the case of manganese carbo- 
nate. The largest increase here was 19 per cent with 25 parts per 
million. Ten parts per million increased growth 11 per cent. Quan- 
tities higher than 50 parts per million were harmful. The dioxide 
was the least effective of the manganese salts. While there was no 
harmful action with any of the amounts used, the largest increase 
-was only 11 per cent where 100 parts per million were used. 

‘This experiment was repeated with the same soil at a later time. 
The test was conducted in the same way as the one just described. 
The same salts were used in the same concentrations. This time 
the plants grew frem November 17 to December 20. There were in- 
creases with each satv.. Again the chloride and sulphate caused the 
largest increases, and the dioxide the least. The best growth was 
secured with 25 to 50 parts per million of the manganese, this being 
true with each of the salts. 

These two experiments seem to indicate that manganese in small 
quantities is beneficial on this soil. The chloride and sulphate gave 
largest increases. ‘Twenty-five to 50 parts per million of the element, 
Mn, which is 124 to 25 pounds per acre, to a depth of 6 inches, gave 
the largest growth. Applications higher than this gave no corre- 
spondingly larger increases and in some cases were even harmful. 

Another soil was worked with in a similar manner as the poor sandy 
loam just discussed. This was a clay loam soil from Pennsylvania, 
and was a productive field soil. The soil had been manured and well 
cultivated for a number of years. A four-year crop rotation had 
been practiced. The soil at the time the sample for this work was 
taken was growing a good crop of wheat. The relative green weights 
obtained in this experiment are given in Table II. The plants grew 
from January 5 to February 6. 
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Tasie Il.—E fect of manganese on growth of plants in a productive loam soil. 
( Untreated equals 100.) 

Manganese 
(parts per MnCl. MnSO,4. |Mn(NOz)o.| MnCOz. Mn0O:. 
mnillion). 

0 100 100 100 100 100 
10 103 99 104 101 103 
25 100 102 105 100 99 
50 101 100 100 103 100 

100 102 98 97 98 102 
250 97 98 98 100 99 

By an examination of the table it is seen that there is no apprecia- 
ble increase with any of the manganese salts. There is a slight in- 
crease in some cases and frequently a slight depression. The slight 
differences may be due to experimental errors; at least it seems fair 
to conclude that manganese has no beneficial effect on this loam soil, 
which is already productive. 

Investigators have invariably found that the action of manganese 
was different on different soils. The beneficial effects secured in 
most of the experiments were when the manganese was applied to 
a deteriorated soil. This was especially so in the work of Katayama ! 
and Kakehi and Baba,? who secured large increases. On the other 
hand, Grégoire, Hendrick, and Carpiaux,? among others who worked 
with manganese on a rich soil, noticed no beneficial action. 

MANGANESE IN AQUEOUS EXTRACTS OF SOILS. 

Further studies were made on manganese salts in the aqueous 
extracts of good and poor soils. The effect on growth was noted 
and the oxidizing power of the plant roots in the solution as influ- 
enced by manganese salts received especial attention. 

Some interesting work has been done with the action of manganese 
in aqueous solutions. Aso* found that manganese stimulated growth 
of radish, barley, wheat, and peas in nutrient solution when added 
in amounts of 20 parts per million. He showed that the plants grown 
in solution containing manganese yielded a juice which has a more 
powerful oxidizing power than the plants without manganese. A 
yellowing of the leaves of the manganese plants occurred and the 
roots turned dark. Bertrand > had observed that the ash of oxidizing 
enzymes contain manganese and that in the presence of manganese 
the oxidizing effect of these enzymes is greatly increased. 

1Bul. Col. Agr. Tokyo, 7, 91 (1906-1908). 

2 Bul. Col. Agr. Tokyo, 7, 455 (1906-1908). 

2 Bul. Agr. (Brussels), 28, 388 and 764 (1907). 
4 Aso, K., On the physiological influence of manganese compoundson plants. Bul. Col. Agr., Tokyo, 

5, 177 (1902-3). 
5Compt.rend., 124, 1032 (1897). 

25873°—14——_2 
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Loew and Sawa! grew barley plants in a 0.1 per cent MnSQ, solution. 
An injurious action was observed in this dilution, and after several 
days a change in color from green to yellow was evident. The reac- 
tions for the oxidizing enzymes were more intense with the manga- 
nese plants than the control plants, which accounts for the fading 
or bleaching out of the chlorophyl. In discussing the stimulation 
by manganese Loew suggests that manganese increases the oxidiz- 
ing power of oxidizing enzymes, and thus aids in destroying injurious 
compounds as fast as they are formed, or checking their formation. 

Brenchley ? made some water culture experiments with manganese 
sulphate. In solution of 100 parts per million barley was injured, 
the roots turned dark, and the leaves appeared diseased. Even 
with 10 parts per million the barley was injured, but not so badly as 
in the stronger solution. Concentrations less than 1 part per million 
caused stimulation. Manganese was found in the leaves of the 
plant. 

Voelcker* working with wheat in water cultures found that manga- 
nese iodide produced a thin delicate root development, a peculiarity 
which was accentuated in a stronger solution. Manganese dioxide 
gave a good growth, with a wealth of finely branched roots which 
were not noticed in the untreated. 

Schreiner, Sullivan, and Reid * have shown that the oxidation of 
soils was increased by the addition of manganese, that soils, though 
having similar amounts of manganese, varied greatly in oxidizing 
power, and that oxidation in soils depended on the form of the man- 
ganese as well as the amount. The form of the organic matter of 
the soil also controls the oxidizing power. The oxidative power of 
the manganese salts was increased by some organic acids and de- 
creased by others. 

Schreiner and Reed ® studied the oxidizing power of plants growing 
in soil solutions. They found that the oxidizing power of the plant 
was greater in extracts of productive soils than in extracts of unpro- 
ductive soils. In one experiment the oxidizing power of plants 
growing in distilled water was compared with that in an extract of a 
poor soil and of a good soil. Putting the distilled water at 100, the 
relative oxidation in the poor soil extract was 72 and in the good soil 
extract 286. In another experiment a poor sandy loam was com- 
pared with a rich garden soil. When the oxidation of the plants in 

1 Loew, O., and Sawa, 8., On the action of manganese compounds on plants. Bul. Col. Agr., Tokyo, 

5, 161 (1902-3), 
2 Brenchley, The influence of copper sulphate and manganese sulphate upon the growth of barley. Ann. 

Bot., 24, 571 (1910). 7 
J, Royal Agr. Soc. Eng., 65, 313. 

4 Schreiner, O., Sullivan, M. X., and Reid, F. R., Studies in soil oxidation. Bul. 73, Bureau of Soils, 
U.S. Dept. Agr. (1910). 

6 Schreiner, O., and Reed, H. S., The rdle of oxidation in soil fertility. Bul. 56, Bureau of Soils, U.S. 

Dept. Agr. (1909). 5 
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distilled water was taken as 100, the poor soil extract was 103 and 
the good soil extract 275. It was also pointed out that treating the 
poor soil extract with an absorbent agent benefited oxidation, that 
the presence of toxic organic substances in solution was deleterious 
to the oxidizing power of plants, and that the oxidizing power of the 
plants, especially in the presence of chemicals which promoted oxida- 
tion, was able to alleviate the toxicity of such solutions. 

In more recent work harmful organic compounds have been found 
in soils and isolated. The harmfulness of some of these soil com- 
pounds are overcome by fertilizers which promote root oxidation. 
Other harmful organic compounds have been worked with in this 
laboratory which are overcome by fertilizers which check root 
oxidation.” 

CULTURAL AND OXIDATION METHODS. 

In order to study the oxidation by manganese and its effect on 
soil improvement, aqueous extracts of soils were used as culture 
solutions. The aqueous extract was made by stirring 2 parts of soil 
with 5 parts of distilled water for 3 minutes and filtering after 30 
minutes through a Pasteur-Chamberland filter tube. It has been 
found that soil extracts prepared in this manner possess a plant- 
producing power similar to that of the soil from which they were 
made. That is, fertile soils give extracts which promote good plant 
growth and infertile soils give extracts which grow poor plants. 
The effect of manganese salts was studied by adding the substance 
to the soil extract. The water used in making soil extracts was 
distilled water, further purified by treating with carbon black and 
filtering.* 

Salt-mouth bottles having a capacity of 250 c. c. were used as 
containers of the solution and served as culture jars in which to 
grow the plants. 
Wheat was used in these experiments. The seeds were germinated 

on floating perforated aluminum plates, according to the method 
described in Bulletin 70 of this bureau. The seedlings were trans- 
ferred from the germinating plates to the cultures when they were 
about an inch high, or just when the first true leaf was beginning 
to emerge from its sheath. Ten wheat plants were used in each 
culture. They are held in place by a cork which has had triangular 
wedges cut from its circumference. These wedges are truncated 
at their inner angle and are held in place by a rubber band around 
the cork. 

Bureau of Soils (1909). Chemical nature of soil organic matter. Bul. 74, Bureau of Soils, U. S. Dept. 

acai, O., and Skinner, J. J., Organic compounds and fertilizer action. Bul. 77, Bureau of Soils, 

U.S. Dept. Agr., (1911). 

SBuls. 36 and 70, Bureau of Soils, U. S. Dept. Agr. 
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In each treatment two cultures containmg 20 wheat plants were 
used. Comparison was made with an equal number of plants growing 
in an untreated portion of the soil extract under the same conditions." 
At the end of two weeks the green weight of each culture was taken. 
In addition the oxidizing power of the plants subjected to various 
treatments was determined. 

The method used to determine the oxidizing power of the roots 
in these solutions is the one described by Schreiner and Reed in 
Bulletin 56 of the Bureau of Soils. One hundred milligrams of aloin 
were added to each 250 c. c. culture jar. Aloimisa yellow powder and 
when dissolved in water gives a pale yellow solution, which is changed 
by oxidation to a deep red wine color. ‘The aloin was added to 
the solution the last day of the cultural experiment; that is, after 
the plant had grown for two weeks. It remained in the solution and 
was subjected to oxidation by the plant roots for 12 hours before a 
comparison of the various treatments was made. ‘The intensity of 
color of the solution was estimated by means of a Schreiner colori- 
meter. The untreated soil solution was used as the standard for 
comparison. It is sometimes difficult-to make comparisons where 
there is a wide difference in the degree of oxidation. When this 
was the case the solutions were arranged in the order of their apparent 
color intensity, and the weakest colored solution was used first as 
a standard, being compared with the second weakest. Number 2 
was then compared with the third weakest. In turn the third solu- 
tion can be used as a standard against the next strongest, and so on. 
In this way the necessity of comparing a solution strongly tinged 
with yellow against a solution which has a deep red color is avoided. 
Finally, all readings were reduced to the basis of the untreated soil 
solution as the standard. 

EFFECT OF MANGANESE IN EXTRACTS OF UNPRODUCTIVE SOILS. 

The first experiments were made with the poor sandy loam soil, 
which responded to manganese when tested in pots. Extracts were 
made of the soil, in the manner described above, and wheat plants 
were grown in the extracts with additions of manganese in several 
forms. The manganese was added at the rate of 50 parts permillion 
of the element Mn. The chloride, sulphate, nitrate, and carbonate 
were used. The plants grew from May 11 to May 22. Two cultures 
were run with each treatment. Aloin was added to the solution the 
last day of the experiment and the oxidizing power of the plants 
taken. The comparative growth and oxidation is given in Table III. 
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TaBLe III.—Effect of manganese (50 parts per million) on growth and oxidation in 
extracts of a poor sandy loam soil. (Untreated extract taken as 100.) 

Relative | Relative 
Treatment. growth. | oxidation. 

Elsi ner tAUITUE ROA CE Ceeses eieta er eis yajat ne narra resnlaiwince Miciataie bie u alalatalatlarslers levels cieieicis siocicsve cite 100 100 
ERAGE in Clown ee iat ea ae oe kane Set teern s cciaca clo UNA EES Sejae oe cms nob aiaiais ate nike 114 116 
LBS ARLE OES Oy ep aT a NNR OR 0 A aS ac a GO 116 140 
Pech Mata): Mel A Aicyayss SREP a 1 RR 2c Me AEE 2 Loan fh BA 108 F 200 
TENSE YOR EAD CV. OX Oa aR AL na Sn a a ea 111 196 

There was an increased oxidation power of the plant roots in the 
manganese cultures. Each of the salts caused an increase in oxida- 
tion and also an increase in the growth. The manganese chloride 
increased oxidation 16 per cent and growth 14 per cent. Thesulphate 
increased oxidation 40 per cent and growth 16 per cent. The nitrate 
increased oxidation 100 per cent and growth 8 per cent. The car- 
bonate increased oxidation 96 per cent and growth 11 per cent. It 
should here be noted in connection with the last two compounds that 
root oxidation is also greatly increased by nitrates and by alkaline 
conditions, as shown by Schreiner and Reed.t' The high oxidation 
here noted is therefore the summation of the effects of manganese and 
nitrate or carbonate, respectively. 

The greatest amount of oxidation in the solutions containing the 
different salts of manganese does not give the largest increase in 
growth. This suggests that the oxidation in the solutions contain- 
ing the nitrate and carbonate in the amounts of 50 parts per million 
was perhaps too great for the best growth in this culture medium. 

Another experiment with this soil extract was made using several 
concentrations of manganese sulphate, namely, 10, 30, and 50 parts 
per million. ‘Two cultures were run in each treatment. The experi- 
ment continued from February 9 to February 19. .The results are 
given in Table IV. 

TasLe 1V.—EH fect of manganese sulphate on oxidation and growth of wheat in extracts 
of a poor sandy loam. ( Untreated taken as 100.) 

Relative | Relative 
Treatment. growth. | oxidation. 

PHA IIMURCA TAC iaya see ass teen acme en eae ict sees Ge AAU a 100 100 
Extract + manganese 10 parts per million...........-..-------------+-+---------- 114 133 
Extract + manganese 30 parts per million.......-.....-----------------+-+-+---- 119 173 
Extract + manganese 50 parts per million.............-------------+--+---------- 124 210 

As seen in the table, the oxidation and growth increased as the 
amount of manganese in the solution increased. This experiment 
was repeated, the plants growing from February 25 to March 13. 
The results were very similar to those in the first test. With 10 parts 
per million, manganese oxidation was increased 35 per cent and 

1 Bul. 56, Bureau of Soils, U. S. Dept. Agr. 
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growth 3 per cent. With 30 parts per million, manganese oxidation 
was increased 48 per cent and growth 19 per cent. With 50 parts 
per million, manganese oxidation was increased 45 per cent and 
growth 12 per cent. 

Subsequent experiments with other poor soils were made, the results 
of which are similar to the one recorded above. One of these tests was 
with a poor clay loam from Maryland. Manganese sulphate was 
added to the soil extract in amounts of 10, 30, and 50 parts per 
million. There was considerable improvement in growth and an 
increase in the oxidizing power of the plants following the manganese 
treatment. The relative growth was for the untreated 100; manga- 
nese 10 parts per million, 132; manganese 30 parts per million, 111; 
and manganese 50 parts per million, 105. The relative oxidation was, 
respectively, 100, 133, 133, and 160. 

A similar test was made with a sample of poor Collington sandy 
loam. The manganese was added at the rate of 20 parts per million, 
manganese in the form of chloride, sulphate, nitrate, carbonate, and 
dioxide being used. The results of the action of these various com- 
pounds on this soil extract areshownin Table V. The experiment was 
made from November 22 to December 6. 

TaBLe V.—Effect of manganese (20 parts per million) on growth and oxidation of wheat 
in extracts of poor Collington sandy loam. (Untreated extract = 100.) 

Relative Relative 
ThestHtent, growth. | oxidation. 

Extract untreated: :. 252252626 otc fee on acess ca. J MaR ES Ss soe Ee eee eee 100 100 
Extract 4- Min Clee oe aoc): ~-12 maa arsinaielaleteieiseivic'e oie » cela wiee'sios aciat eee eeetee ee aeree 96 102 
Extract --)MnSO¢:2. fo)... 235. ae deteeide.. os cease ses Ons Aiefiss 25 0 See 102 100 
Extract + Mn eo a aicje wie) siete ars Steehneie's plaiwin Srole's o Sic ne eine saat ats eee Re ae 110 280 
Extract’ MnCO3. . . beefs s.)5tgie -thtieiae so cb see pense cs PFs See Ee Se eeeeeee 108 233 
Extract + ae weinte wisin sinfe 3 atv a lauicheon ac ss ige ae naw ceeeae bees + 555 Soe e EE CERe eee 110 271 

The chloride and sulphate showed practically no increase in oxida- 
tion or in growth in this soil solution. The other salts of manganese 
increased oxidation considerably and also the growth. Where the 
nitrate was used, oxidation was increased 180 per cent and growth 10 
per cent. With the carbonate, oxidation was increased 133 per cent 
and growth 8 per cent. With dioxide, oxidation was increased 171 
per cent and growth 10 per cent. 

The effect of manganese on an extremely poor lawn soil is reported 
in the next experiment. The soil used was very unproductive. The 
natural vegetation is stunted and attempts at lawn making had failed. 
The water extract of this soil is a poor medium for plant growth, but 
is much improved by treatment with carbon black, which acts as an 
absorbent. A chemical examination of the soil showed it to contain 
dihydroxystearic acid and picoline carboxylic acid, both of which are 
harmful to plants. 
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An experiment with this soil extract was started April 2 and run 
until April 16. The manganese chloride, sulphate, nitrate, and car- 
bonate were used in two concentrations, 20 and 50 parts per million. 
The results of this test are given in Table VI. 

TaBLeE VI.—Effect of manganese on growth and oxidation of wheat plants in extract of a 
poor lawn soil. (Untreated extract = 100.) 

Relative | Relative 
Treatment. growth. | oxidation 

SAUNA C HUITILL CA UCG es Salers ois clarks ante niaveis lain eiecisin\aiale’s aan oman ea cnswawiale as aula cess 100 100 
Extract+MnCl, 20 parts per million.............---2-.-2- 22.202 eee eee eee ee eee 120 136 
Extract+MnCl, 50 parts per million...:..........2.22222 2-2-2 e eee ee eee eee eee 113 150 
Extract+-MnSO, 20 parts per million.......-....2.2.- 20-2022 e eee eee eee eee ee 124 130 
Extract+-MnS 0, 50 parts per million...........-.2--2.-0--22 22-22 eee eee eee eee eee 131 166 
Extract+-Mn(N 0O3)2 20 parts per million..............-.-.-..--------2---+-2+---- 120 114 
Extract+Mn(NOs3)2 50 parts per million...............-.------+------+----+---+-- 119 115 
Extract+MnCoO; 20 parts per million..........-....-2-.-2--2-22--- 222 - eee eee eee 152 175 
Extract+MnCO; 50 parts per million..........-...-.22..2222-02- 22-2 - eee eee eee ee 170 200 

Manganese considerably increased oxidation and growth of the 
wheat in this soil solution, as shown by the table. The effect of each 
salt was quite marked and the beneficial action is greater with this 
soil than any: previously reported. This experiment was repeated, 
but with only the manganese chloride and sulphate. The plants 
grew from April 16 to April 28. Manganese sulphate in amounts of 
20 parts per million increased oxidation 33 per cent and growth 21 per 
cent; with 50 parts per million oxidation was increased 50 per cent 
and growth 20 per cent. With manganese chloride in amounts of 20 
parts per million oxidation was increased 30 per cent and growth 22 
per cent; with 50 parts per million oxidation was increased 66 per. 
cent and growth 21 percent. In this experiment, asin the preceding, 
manganese in the solution greatly increased the oxidation and con- 
sequently made the solution a much better medium for the growth of 
plants. 

The experiments with these poor soil solutions indicate that the 
manganese, by increasing oxidation, has overcome their harmful 
properties. Treating the extracts of poor soils with carbon black is 
beneficial to growth and increases oxidation. Whatever increases 
root oxidation enables the plant to offset more or less the ill effects of 
injurious substances. ‘Thus the harmfulness of dihydroxystearic acid 
is overcome by nitrate fertilizers and others which tend to increase 
root oxidation.t Dihydroxystearic acid interferes greatly with the 
normal root oxidation and nitrates stimulate this oxidation. The 
presence of other toxic organic substances in solution have been shown 
to be extremely deleterious to the oxidizing power of plants. This 
oxidizing power of the plants, especially in the presence of nitrates, 

1$chreiner, O., and Skinner, J. J., Some effects of a harmful organic soil compound. Bul. 70, Bureau of 

Soils, U.S Dept. Agr (1910). 
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was able to alleviate the toxicity of such solutions. The oxidizing 
power of plants grown in extracts of productive soils is greater than 
that of plants grown in extracts of unproductive soils. Harmful. 
organic compounds upon proper conditions suffer change in the soil. 
This change may occur under conditions of thorough aeration and 
oxidation, which is promoted by thorough tillage and good drainage 
and also by the addition of substances to increase oxidation in the soil. 
This seems to be a function of manganese. Its addition to extracts 
of soils of low fertility increases the oxidation, and by so doing may 
change the organic material of the solution and make it a better 
medium for plant growth. 

EFFECT OF MANGANESE IN EXTRACTS OF PRODUCTIVE SOILS. 

The next experiments are concerned with the action of manganese 
in good soils where harmful conditions are necessarily at their mini- 
mum or entirely wanting. One of the soils tested was the Hagers- 
town loam from a productive plot in the experimental field of the 
Pennsylvania experiment station. The soil is naturally productive 
and in the field has been subjected to a four-year rotation. When 
tested in pots, this soil did not respond to manganese. 

An extract of the soil was made in the usual way and wheat seed- 
lings grown. Manganese chloride, sulphate, and nitrate were used 
in concentrations of 10 and 25 parts per million. Two cultures were 
used in each treatment. The experiment was run from December 9 
to December 23. The results are given in Table VII. 

Tasie VII.—E fect of manganese on growth and oxidation in extracts of a productive 
loam soil. (Untreated extract = 100.) 

Relative | Relative 
Mreatmient growth. | oxidation. 

Extract untreated <2 ccs-acs dts dee cee Segte sass Saaae wae noes yaaa eee 100 100 
Extract-+-MnCls, 10 parts per million. .........-.. 2202-2. -< 222020 see ene cee eee 98 98 
Extract+MnCle, 25 parts per million... -.. 2. - joe ece ees 2 ee ee deepen eee eee 90 97 
Extract+-MnSO,, 10 parts per million...............-.---.-----2-2-2----2- eee ee 80 100 
Extract--MnS0,, 25 parts per million: 22-22-52 \. .senees: -- acces os aneeeeneee eee 90 102 
Extract+Mn(N Os)2, 10 parts per million..........-..-.--.--2--2-- 2+ eee eee eee 95 101 
Extract+Mn(NOsz)s, 25 parts per million... /....-.--.-2-5-2------20eec etn ee eee- 100 100 

As seen in the table, there was no increased oxidizing power of 
the plant roots in the manganese cultures. The oxidation in the 
untreated solution was very good, as might have been expected in 
this highly fertile soil, and the addition of manganese produced no 
additional oxidation by the plants. The growth was not increased. 
In several instances it was decreased. Only in one treatment, and 
that with the nitrate, was the growth as good as in the untreated 
solution. 

1 Schreiner, O.,and Reed, H. 8., The réle of oxidation in soil fertility. ° Bul. 56, Bureau of Soils, U. S. 
Dept. Agr. (1909). 
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The effect of manganese was also tested in the extract of Sassafras 
sandy loam taken from a productive field. In this test the manga- 
nese was used in concentrations of 20 parts per million. The chloride, 
sulphate, nitrate, carbonate, and dioxide were used. The experiment 
ran from November 12 to November 27. The results are given in 
Table VIII. 

Tasie VIII.—E fect of manganese on growth and oxidation in productive Sassafras sandy 
loam. (Untreated = 100.) 

Relative Relative 
Treatment. growth. | oxidation. 

TUS LAS DUSTRY eX 0 la Ata eee i Ne SRD 3) old ate ees BSI ES 100 100 
2B SANE OPPS HYG) byt SOS MO ie a a a ee 79 125 
LESS AVE PTI NSN Oye Asa cs ee EVO RERRITE SN ar he gp) RO ale Ses meer 90 106 
PPairsc tin CNi Oa) ose sects se nome e inc ee AC | DUR ano tS Oe Oe eee ce ose 88 120 ~- 
BSAA RD CLES EWY aT OL OR TRO Bie See NSE Ca 9 MR 11 a Oe a et 95 150 
JOSS A REVO RENN TOY Tes alo SU hae GS pc US 105 200 

The effect of the various manganese salts on this good soil was to 
increase the oxidation by the plants; the growth, however, was even 
decreased. The experiment was repeated with the same soil and 
same manganese salts. The plants grew from December 1 to Decem- 
ber 14. The results are given in Table IX. 

TasLe IX.—Efect of manganese on growth and oxidation in ie Sassafras sandy 
loam. (Untreated = 100.) 

Relative | Relative 
Treatment. growth. | oxidation. 

LESSEE OR NSU SEN HT | BEA 0 SS Ne Pee eg a Wet cy alae Sra 100 100 
Extract+MnClo..............---. eI ERM REO ee Es ea 82 106 
PEEL AC LMU Oyen wercmei a verienee eae a Sess Ngee cee o See UE Ne Rees a See 90 100 
Prac bao Naa MIN Oa) gterer a siciaie meee sree ore tk aparece 95, 116 
TDS eUESVOU EAN D0 OF OF Sites A escape nee ea ae One aa RR a Oa a aed 90 140 
LESS fT NB NO Vy fa a EEF pI Ne tg a 92 150 

Again it is shown that manganese is not beneficial to this good soil. 
In both experiments the oxidation by the plants was increased by 
addition of the salts. Other experiments were made with this soil, 
using varying amounts of several salts of manganese. The action, 
however, was similar to those recorded above. There was no stimu- 
lation of growth with any of the salts varying in amount from 5 to 
100 parts per million. In each of the tests with this soil the plants 
were affected, and after10 days’ growth the tips became yellow and the 
leaves showed indications of drying up. These effects are the result 
of excessive oxidation and probably show the cause of the harmfulness 
of manganese in this and certain other good soils. The oxidizing power 
of plants in these productive soils was already good, and they needed 
nothing to stimulate this function. When manganese was added 
the oxidation was increased and botaeue even too great, thus causing 
a harmful action. 

a 
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The experiments with the different soils recorded above were made 
at different times of the year and, as the action of the manganese and 
growth of the plants might be influenced by some climatic conditions, 
an experiment was next made in which both poor and good soils 
were simultaneously tested. Six soils of different character were 
selected. 

Three of these soils were very poor and unproductive and three 
were good productive soils. Soils Nos. 1, 2, and 3 are unproductive. 
Soil No. 1 is a sandy clay collected from a park where the lawn was 
very poor. No. 2 isasandy loam soil from a cultivated field. No.3 
is a clay loam taken from under a tree, where repeated attempts to 
grow a lawn had failed. 

Soils Nos. 4, 5, and 6 are productive soils taken from fields which 
were growing good crops. No. 4 is a loam, No. 5 a sandy loam, and 
No. 6 a silt loam. 

Extiacts were made and plants grown in each at the same time. 
Manganese in the form of chloride and sulphate were used in amounts 
of 20 and 50 parts per million of the element manganese. The 
experiment was conducted from April 5 to April 19. The results 
are given in Table X. Thegrowth and oxidation are compared with 
the untreated soil extract in each case. 

TaBLE X.—Effect of manganese on oxidation and growth in unproductive and productive 
soil extracts. Results expressed in relative oxidation and growth. (Untreated = 100.) 

Unproductive soils. Productive soils. 

1 2 3 4 5 6 

Treatment. Sandy clay. |Sandy loam.| Clay loam. Loam. /|Sandyloam.| Silt loam. 

Extract untreated.......... 100 | 100] 100; 100}; 100} 100} 100; 100} 100; 100; 100 100 
Extract+MnClh, 20 parts 

Hersmitlions oe ees 126 142} 102} 111} 112} 180 99} 180} 90] 125) 106 150 
Extract+MnCh, 50 parts 

per millions. . 22-225 24-7- 119 | 156] 101} 118; 122] 190 76) 175 93 | 156 76 132 
Extract+MnS0O,, 20 parts : 

Der millions: 79.5.3. e8 3 130 135| 114] 120} 114) 130 94] 130 96} 142] 100 100 
Extract+MnS0O,, 50 parts 
permmplon. - e's oem sence 137) awe) 2073) 1300) 108s)" 127, 98} 135 88 | 160 83 114 

The results of this test substantiate those of previous experiments. 
The effect of the manganese on the unproductive soils was to increase 
the oxidation and growth. There was an increase with both salts of 
manganese and both concentrations. This, however, is reversed in 
the case of the productive soils. The oxidation is increased with each 
of the solutions, while the growth was depressed. The effect of exces- 
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sive oxidation was noticeable; the leaves were yellow at the tips and 
appeared bleached. The natural processes of oxidation in the pro- 
ductive soils were good, and the addition of manganese caused exces- 
sive action, and thus injured the culture as a medium for growth. 
The life processes in the unproductive soils were probably bad, and 
the addition of this substance aided the needed function and therefore 
Overcame its bad qualities and made it a better medium for plant 
growth. 

In relation to the beneficial effect of manganese on poor soils by 
stimulating root oxidation where oxidation is naturally poor, and the 
harmful effect by causing additional oxidation by plant roots in good 
soils where the oxidation processes are already good, it is interesting 
to note the effect of different fertilizers, which increase or check 
oxidation on the action of organic compounds. Quinone, which has 
been shown to be toxic to wheat seedlings in a former research,! is an 
oxidizing substance. Its harmful effect is partly overcome by potash 
salts, which check oxidation processes. On the other hand, those 
harmful soil organic compounds that have reducing properties—that 
is, are themselves readily oxidized—such as vanillin and dihydroxy- 
stearic acid, have an inhibiting effect on root oxidation and on root 
growth generally, and their harmful effects are overcome by fertilizers 
such as nitrate, which increase root oxidation to the greatest extent. 

EXPERIMENTS WITH MANGANESE IN THE FIELD. 

The tests with manganese sulphate made at the department farm 
at Arlington, Va., were laid out in the spring of 1907 and are a part of 
a larger experiment, which includes the testing of a number of other 
compounds and fertilizers. Five crops are concerned in each treat- 
ment. The crops grown were wheat, rye, corn, cowpeas, and potatoes. 

Describing only the manganese plots in this series, it should be said 
that these consisted of two parallel strips of land, each 1 rod wide 
and separated by a 3-foot path. Hach strip is divided into 5 plots 
of 1 square rod, with 24-foot paths separating the plots. One strip 
or series of 5 plots is treated with manganese sulphate, the other strip 
is not treated and serves as a control or check. ‘The five different 
crops are grown on both the treated and untreated plots, which lie 
side by side in the two strips. 

The soil on which these experiments were made is a silty clay loam, 
low in organic matter. The physical condition of the soil is rather 
poor. Great care had to be practiced in cultivation to keep the soil 
in a good physical condition. The ground on which the manganese 
experiments were made is level and has surface drainage. The soil 
throughout these manganese plots and their controls is uniform, so 

1 Schreiner, O., and Skinner, J. J., Organic compounds and fertilizer action. Bul. 77, Bureau of Soils, 

U.S. Dept. Agr. (1911). 
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the results secured should not be considered as unduly influenced 
by irregularities due to nonuniformity of the soil in different plots. 
The soil is inclined to be of an acid nature. 

The manganese sulphate was applied at the rate of 50 pounds per 
acre. The untreated and treated plots received the same cultivation. 
The corn, cowpeas, and potatoes were planted in the spring of each 
year and harvested in the fall. The wheat and rye were planted in 
the fall and harvested the next July. This experiment has now run 
for six years, each crop on the same plot each year. That is, con- 
tinuous culture of one crop on the same plot was practiced. The 
manganese was applied each year after the ground was broken and 
the land was cultivated before planting. 

EFFECT OF MANGANESE SULPHATE ON WHEAT. 

Manganese sulphate was applied to the plot, 1 square rod, in 
September, 1907, at the rate of 50 pounds per acre shortly before it 
was planted to wheat. The crop was harvested in July of the follow- 
ing year and the soil was plowed and again prepared for wheat plant- 
ing in September. The manganese sulphate was applied to the same 
plot each year before planting. The results of five years are given 
in Table XI. The weight of the unthrashed straw and grain only 
was taken. The first column gives the year. The second and third 
columns give the yields of the manganese and untreated plots in 
pounds per square rod. The yields of the two plots are calculated 
to pounds per acre and given in the fourth and fifth columns. The 
last column gives the increase or decrease of the manganese plot from 
the untreated plot in pounds per acre. 

Tasie XI.—Showing the effect of manganese sulphate on wheat grown in soil treated Jive 
successive years. 

ee coal Calculated yield per acre. 

Year. a Increase or 
anganese anese ecrease 0 sulphate, | Untreated. penny Untreated. | ranganese 

A plot. 

Pounds Pounds Pounds. Pounds Pounds 
ROOK eae ee eae 4, 320 960 — 640 
TO00 Babee onc saree ao eee Soe See oes 23 26 3, 680 4,160 — 480 
1 ERS ee eee oe Sea et Seon, . <aee 22 25 3,520 , 0CO — 480 
OU Ee SS oe re oe. Section Pak Ae ee 21 25 3,360 4 — 640 
1 OS De yg aA Eee iar ae OP. aeae 15 24 2,400 3,840 —1, 440 

In each year the manganese caused a decrease in yield. As shown 
in the last column in the table, the decrease in 1908 was 640 pounds 
per acre; in 1909 and 1910 the decrease was 480 pounds; in 1911 it 
was 640 pounds; and in 1912 it was 1,440 pounds. 
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Some pot experiments were made in the greenhouse, using this 
silty clay loam soil. Wheat was grown in soil in paraffined wire pots. 
Manganese sulphate was used at the rate of 25, 50, and 100 pounds 
per acre. Five pots were used for each treatment, six plants in each 
pot. The wheat grew in the greenhouse for one month, from January 
5 to February 6, when it was cut and the green weight of the plants 
taken. The manganese caused no material difference in growth. 

The green weight was the same in the soil treated with manganese 
at the rate of 25 and 50 pounds per acre as in the check. Manganese 
at the rate of 100 pounds per acre caused a decrease; only 2 per cent, 
however. There was no stimulation of growth in any case. 

EFFECT OF MANGANESE SULPHATE ON RYE. 

The result of the five-year test of manganese sulphate on plots of 1 
square rod planted to rye are given in Table XII. Like the wheat, 
the rye was planted in September and harvested the next July. The 
manganese sulphate was applied each year at the rate of 50 pounds 
per acre, shortly before the crop was planted. Five years’ results 
have been secured. The arrangement of the table is similar to that 
of Table XI. The increase or decrease in pounds per acre due to man- 
ganese is given in the last column. The weight of the unthrashed 
straw and grain is given. 

In 1908 there was a decrease in the manganese plot of 1,120 pounds 
per acre. The next year, 1909, there was an increase of 480 pounds 
per acre; in 1910 there was a decrease of 320 pounds; in 1911 there 
was an increase of 320 pounds, and in 1912 an increase of 480 pounds 
per acre. 

TABLE XII.—Showing the effect of manganese sulphate on rye grown on soil treated five 
successive years. 

bps a Calculated yield per acre. 

Year ne oF AUCTEaSS or 
anganese anganese ecrease of 

sulphate. Untreated. sulphate. Untreated. manganese 
plot. 

Pounds. Pounds. Pounds. Pounds. Pounds. 
CHET" Ss cs Ra ae ean ales anh 26 33 4,160 5, 280 =il,il 
SOD ER es 5 15 SES ASO 29 26 , 640 4,160 + 480 
OL rete cere seta raise aise eis Sa Sai asionsieae ¢ 10 12 1, 600 1,920 — 320 
AULT US 5 eA ie ea SP a ge Cee Se 25 23 4,000 3, 680 + 320 
DOR Q Eee so ose ya aye oo Sah He cite eicea eines 17 14 2,720 2, 240 + 480 

The results are somewhat inconsistent, some years there being an 
increase from the manganese and in others a decrease. There is no 
apparent reason for this. The decrease in 1908, the first year of the 
treatment, was very large. In the following years the differences 
were more moderate. 
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EFFECT OF MANGANESE SULPHATE ON CORN. 

Six years’ results have been secured with corn. The manganese 
was applied in the spring of 1907, before the planting of corn. The 
ground, as in the other test, was thoroughly prepared, and the crop 
was cultivated throughcut the growing season. Manganese sulphate 
was applied each year at the rate of 50 pounds per acre. 

Table XIII gives the yields of stover and grain for the manganese 
and the check plots. The first column gives the year of growth, the 
second and third the yields for the manganese plot. The fourth and 
fifth columns give the yields for the untreated plot. The results have 
been calculated to pounds per acre of stover and bushels per acre of 
shelled corn. In making the calculations from pounds per square 
rod to bushels per acre, 56 pounds was taken as the weight of a bushel 
of shelled corn. These results are given in columns 6, 7, 8, and 9. 
The last two columns give the increase or decrease of stover and 
grain, per acre on the manganese plot. 

Taste XIII.—L£ fect of manganese sulphate on corn grown on sotl treated six successive 
years. 

Yield per square rod. Calculated yield per acre. 

Increase or 
Year. ana Untreated. aoe Untreated. decrease of 

manganese plot. 

Stover. | Grain. | Stover. | Grain. | Stover. | Grain. | Stover. | Grain. | Stover. | Grain. 

Pounds. | Pounds.| Pounds.| Pounds.) Pounds. | Bushels.| Pounds. | Bushels. | Pounds. | Bushels. 
65 14 57 21 10, 400 40 9, 120 60 | +1, 280 —20 

Wee cocece 21 18 26 25 3, 360 51 4,160 71 800 —20 
190 o eee 19 6 27 7 3, 040 17 4,320 20 | —1, 280 —3 
19LO ree 27 8 39 14 4,320 23 6, 240 40 | —1,920 —17 
NE Ae 25 7 30 14 4,000 20 4, 800 40 | —_ 800 —20 
BA hoe 17 3 34 16 2, 720 9 5, 440 46 | —2,720 —37 

The only increase from manganese noted was in 1907, when there 
was an increase of 1,280 pounds of stover per acre. However, there 
was a decrease in grain. The effect of the manganese sulphate was 
to decrease the yield of both stover and grain in the following five 
years. In 1907 the decrease in grain was 20 bushels per acre. In 
1908 stover was decreased 800 pounds per acre and the grain 20 
bushels per acre. In 1909 the stover was decreased 1,280 pounds 
and the grain 3 bushels per acre. In 1910 the decrease of stover was 
1,920 pounds and the grain 17 bushels. In 1911 the decrease of 
stover was 800 pounds and the grain 20 bushels. In 1912 the de- 
crease of stover was 2,720 pounds and the grain 37 bushels per acre. 

EFFECT OF MANGANESE SULPHATE ON COWPEAS. 

As with the corn plots, the manganese sulphate was applied to the 
cowpea plots beginning in the spring of 1907. Six years’ results have 
been secured. Manganese sulphate was applied each year at the 
rate of 50 pounds per acre before planting. 
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Table XIV gives the yield of cowpea hay in pounds per square rod 
and pounds per acre. Columns 2 and 3 give the yield of the man- 
ganese and untreated plots in pounds per square rod; columns 4 and 
5 the yield of the two plots calculated to pounds per acre. The last 
column gives the increase or decrease of the manganese plot in pounds 
per acre. 

TaBLE XIV.—Effect of manganese sulphate on cowpeas grown in soil treated six suc- 
cessive years. 

Yield per square rod. Calculated yield per acre. 

Year. Ne he Terese oe 
anganese anganese ecrease 0. 

sulphate, | UNtreated.) cuiphate. | Untreated.) jn anganese 
plot. 

Pounds. Pounds. Pounds. Pounds. Pounds. 
SUGIGI ss NS IC 42 52 6, 720 , 32 —1, 600 
TOO ie 3 iS Seis ORES eee) oe nr 41 55 6, 560 8, 800 —2, 240 
TOO oe ALY SS RA lea ea op a Ee 28 37 4, 480 5,920 —1, 440 
OND sas Sacks CHE SO RUE Be HUE Ba Re ee Cie 21 27 3, 360 4,320 — 960 
OT rp eee sels scree eield Sisla aga cn 35 42 5, 600 6,720 —1,120 
(IPD. S55. BA EN Ran R ese 22 21 3,520 3,360 + 160 

By an examination of the table it is seen that there was a decrease 
in the manganese-treated plots in each year except in 1912. In 1907 
there was a decrease in yield of hay of 1,600 pounds per acre, in 1908 
a decrease of 2,240 pounds, in 1909 a decrease of 1,440 pounds, in 
1910 a decrease of 960 pounds, in 1911 a decrease of 1,120 pounds, 
and in 1912 an increase of 160 pounds per acre. 

EFFECT OF MANGANESE SULPHATE ON POTATOES. 

The results of the six-year test of manganese sulphate on potatoes 
is given in Table XV. The details of the experiment and the arrange- 
ment of the table are the same as described in the test with cowpeas. 
In calculating from pounds of potatoes per square rod to bushels 
per acre the weight of a bushel of potatoes was taken as 60 pounds. 

TABLE XV.—Effect of manganese sulphate on potatoes grown on soil treated six successive 
years. 

Yield per square rod. Calculated yield per acre. 

Year. ‘ we Tncrease or 
anganese x anganese ecrease of 

sulphate. Untreated. suinnatee Wishaveeyiee, manganese 
plot. 

Pounds. Pounds. Bushels. Bushels. Bushels. 
57 83 152 221 IDO ob aby A Seo R ROUBINI SAS BeBe Woe sane —69 

GOS SSR ae ua ss eee Pe UE eR ave 30 45 80 120 —40 
EG OQ eset ct nat ta eM ate IU a AEs tt ed 83 68 221 181 +40 
TD) Boe ae ees Ala metet ra ae ae eae HE 36 55 96 147 —b1 
DO Rae tives ae) gityaiavs sig eter LA Sear ioalaic Se 57 91 152 243 —91 
TUB Ae ear a oa A GL 23 33 61 85 —24 
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There was a decrease in the yield in the manganese plot in every 
year except 1909. In 1909 there was an increase of 40 bushels. In 
1907 there was a decrease of 69 bushels, in 1908 a decrease of 40 
bushels, in 1910 a decrease of 51 bushels, in 1911 a decrease of 91 
bushels, and in 1912 a decrease of 24 bushels per acre. 

ACIDITY OF THE SOIL IN THE VARIOUS PLOTS. 

Acidity tests of the various plots used in this experiment were 
made in May, 1912, after the experiment had been in progress for 
five years. All of the plots, both treated and untreated for each 
crop, were acid. Samples were taken of each plot and lime require- 
ment determinations made. 

The sampling was done with a soil auger to a depth of 6 inches. 
Five borings were made in each plot and a composite sample made 
from the individual borings. The determinations were made on air- 
dry soil. ; 

The lime requirement determinations were made by means of the 
Veitch method.1 Table XVI shows the amount of lime required 
according to this method for each plot to produce a neutral condition 
in the soil. The soil in each plot required approximately a ton of 
lime per acre. Where wheat was grown the manganese and the 
untreated plots were equally acid. In the rye, corn, and cowpea 
plots the manganese plots had a higher lime requirement than the 
untreated plots. With rye the manganese plot required 2,492 
pounds of lime and the untreated 2,136 pounds per acre. With corn 
the manganese plot required 2,492 pounds and the untreated 1,780 
pounds. With cowpeas the manganese plot required 2,492 pounds 
and the untreated 2,136 pounds per acre. Where potatoes were grown 
the untreated plot had a greater lime requirement than the manganese 
plot. The manganese plot required 2,451 pounds of lime per acre 
and the untreated plot 2,743 pounds. 

TaBLE XVI.—Showing the pounds of lime (CaCO;) required per acre in the various plots. 

Wheat. Rye. Corn, |Cowpeas. | Potatoes. 

Pounds. | Pounds.\| Pounds. | Pounds.| Pounds. 
Manganese plot...se.. fossa ek bac ceilid ie teteee eee ‘1,780 2,492 2,492 2,492 2,451 
Untreated Dlobe: osc. ess pe tecen eee wet meen serene eee 1, 780 2,136 1, 780 2,136 2, 743 

The results of these determinations show that the soil is an acid 
one and that the manganese tests were made under acid conditions. 
The results obtained on this soil are supported by the statements of 
other investigators, that the best effects of manganese can not be 
secured under acid conditions. 

1 Jour. Amer, Chem. Soc., 24, 1120 (1902); 26, 637 (1904). 
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After the crops were harvested in 1912, lime was added in sufficient 
amounts to satisfy the lime requirements for the separate plots as 
shown in Table XVI. Lime requirement tests will be made for each 
plot after the crop is harvested each year, and should any further 
lime be required this will be added, so as to maintain the soil, as 
nearly as practicable, in a neutral condition. As manganese had 
harmful effects on the soil when acid, it will be interesting to observe 
its effect when the soil is kept neutral. 

OXIDATIVE POWER OF PLOTS WITH AND WITHOUT MANGANESE. 

Since Bertrand ‘ showed that manganese played an essential part 
in the oxidation by the so-called oxidizing enzyme, laccase, since 
manganese increased the oxidizing power of a number of soils in the 
laboratory, and since it has been found that a number of soils of 
strong oxidizing power contain considerable manganese, some of 
which was in the highly oxidizing form of MnO,, it became of interest 
to determine whether manganese had any accelerating effect on the 
oxidation in the soil of plots planted with wheat, rye, corn, cowpeas, 
and potatoes. 

In 1912 composite samples from five borings to the depth of 6 
inches were taken of the manganese plots and check plots: (a) early 
in April before the yearly application of fertilizer, when wheat and 
rye were 4 or 5 inches high and before the corn, cowpeas, and potatoes 
had been planted; (6) late in May, after the fertilizers had been 
added, when the corn and cowpeas had sprouted; (c) in August, 
after wheat and rye had been taken off, corn was in tassel, cowpeas 
in bloom, and potatoes were coming into bloom. The oxidation 
readings were made a week or two later on the air-dried samples. 
When 10 or 20 grams of soil are shaken two or three times with 

50-70 c. c. of a 0.125 per cent water solution of aloin, the aloin solu- 
tion is changed in a few minutes from bright yellow to a cherry red. 
After the soil has stood for about an hour and has settled, the some- 
what turbid solution is decanted and centrifuged, the supernatant 
liquid drawn off, and the depth of color of the different solutions 
compared by means of a Schreiner colorimeter, either with each other 
or with colored glass of a shade of red matching one of the oxidized 
solutions. In the present experiment the oxidation reading was made 
against a glass standard, which matched in tint the red color produced 
in the aloin solution by the sample of wheat soil collected in the 
spring. Ten grams of soil were employed for each test. The rela- 
tive oxidation in the manganese plots and the check plots is given 
in the table following. 

1 Compt. rend., 122, 1132 (1896); 124, 1032 (1897). 
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TaBLE XVII.—Relative oxidation in plots treated with manganese sulphate and in the 
corresponding check plots growing the same crop (wheat soil in April taken as 100). 

April. June. August. 

Crop 
; Check |Manganese}| Check | Manganese} Check | Manganese 

plots. plots. plots. plots. plots. plots. 

Wiheate ee 21: ot SA Ee 100 95 110 130 55 64 
RVC can ato ae ar eee nee 131 105 131 105 78 60 
OS nC ee ee ne Se 110 100 130 131 87 75 

OWDPESS s sos Serene cee 66 64 105 110 53 53 
POLAR DOCS ee is hao eae wee 87 60 9 78 53 55 

With the exception of the wheat plot, where there is shown a 
slight increase as an average of the three determinations, the addi- 
tion of manganese sulphate has not increased the oxidative power 
of the soil, and in a number of instances it has lessened oxidation. 
The soil in general has a tendency to be acid in character and at best 
has not a strong oxidizing power. If the first determination, made 
in April, is considered (that is, the oxidative power of the plots at a 
time when there is little or no growth) the oxidation in the manganese 
plot is less in every instance than that of the check plot. This period 
is the best one for testing the oxidation effect of manganese unmodi- 
fied by plant growth. The lessened oxidation produced by manga- 
nese sulphate agrees roughly with the lessened yields on the same 
plots under treatment with manganese. In 1912, for instance, the 
year in which the oxidation was tested, the yield, as previously 
shown, of wheat, corn, and potatoes was less on the manganese plot 
than on the untreated plot, while rye showed a slight increase and 
the yield of cowpeas was practically the same. 

In the second determination, made in June, the oxidation power 
of the manganese plot is on the average more like that of the check 
plot. 

In the third determination, made in August, shortly after wheat 
and rye had been taken off, the manganese plot was on the average 
again less than the check plot. 

As previously pointed out, the manganese plots, with the exception 
of the potato plot, showed a higher lime requirement than the check 
plots. Under acid conditions the formation of organic compounds 
capable of acting as oxygen carriers or as activators of inorganic 
oxidizing compounds such as manganese salts is much lessened 
or entirely inhibited. This is indicated from the results with the acid 
soil under investigation, for the addition of manganese did not in- 
crease the oxidizing power of the soil nor indeed of plants growing 
therein. This oxidizing power of the plants was tested in the case of 
wheat. By carefully removing the soil from the young wheat plants 
growing on the plots, the oxidizing power of the intact roots when 
placed in aloin solution was found to be no greater in the case of the 
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plants from the manganese plot than from the check plot. The 
relative oxidation, in fact, was 97 and 100, respectively. 

In neutral solution the oxidation power of the plant root is 
increased by manganese sulphate, though manganese sulphate itself 
has little oxidizing action on aloin, except in the presence of hydrogen 
peroxide or activating organic matter. Addition of 0.5 ¢. ¢. of a 3 
per cent hydrogen peroxide added to 70 c. ¢. of aloin solution shaken 
with soil greatly increased the oxidation of the soil from the plots, 
the manganese fertilized plot in particular. It is quite possible that 
the soils which normally give direct oxidation of aloin contain both 
organic and inorganic peroxide. It has been found, in fact, that 
organic matter in a state of autoxidation forms peroxide. Alkalies 
and alkaline salts favor the formation of the peroxides. 

As analyzed by Mr. W. O. Robinson, of the Bureau of Soils, the 
soil from the various parts of the experiment farm varied in manga- 
nese content, calculated as MnO, from 0.034 per cent to 0.064 per 
cent. The manganese-treated plot contained 0.060 per cent MnO, 
the check plot 0.064 per cent. Of 26 American soils analyzed by 
Robinson,” the average content of manganese was 0:071 instead of 
0.20 per cent MnO previously given. The experiment farm has, 
therefore, an average manganese content. 

Soils may have practically the same quantity of manganese and 
still vary greatly in oxidizing power, so oxidation in soils, if due to 
manganese, depends on the nature of the manganese as much as 
on the amount. In previous work * it was found that soils of strong 
oxidizing power, such as the Hagerstown loam and the Clarksville 
silt loam, contain considerable manganese, while the Takoma loam 
soil, the Elkton silt loam, and the Cecil sandy loam, which have 
very little oxidizing power, contain little manganese. When 100 
parts of manganese per million in the form of the sulphate, chloride, 
carbonate, and dioxide were added to the three soils poor in manga- 
nese, no increase in the power to oxidize aloin was noted in the case 
of the chloride, sulphate, or carbonate, and the dioxide produced 
but slight increase. When, however, dilute organic hydroxyacids, 
such as citric, malic, and tartaric, 5 c. c. n/10 acids to 100 grams 
of soil, and corresponding salts, such as sodium citrate and sodium 
tartrate, were added to the soils to which the manganese had been 
added, there was a decided increase in the power to oxidize aloin. 
The greatest increase in oxidation occurred in the soils to which 
manganese dioxide and citric acid had been added. Addition of 
citric acid and sodium citrate to the soils from manganese-treated 

1Schénbein, J. prakt. Chem., 81, 16 (1860). Manchot and Herzog., Liebig’s Ann. Chem., 316, 318, 331 

(1901). Bach, Monit. Sci. (4), 11, II, 479 (1897); Compt. rend., 126, 1066, 4159 (1898). 
2M. X. Sullivan and W. O. Robinson, Manganese as a fertilizer. Cire. 75, Bureau of Soils, U. S. Dept. 

Agr. (1913). 
8 Bul. 73, Bureau of Soils, U. S. Dept. Agr. 3 
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plots and the check plots increased their oxidizing power, the sodium 
citrate especially. Addition of organic matter, such as darkened 
pyridine, which is in a state of autoxidation, markedly increased 
the oxidizing power of the soils in laboratory tests. 

As already stated, the oxidative power of a soil depends not so 
much on the amount of manganese as on the form of the manganese 
and the nature of the organic matter. Organic matter in a state 
of autoxidation may oxidize aloin directly or act as an activator 
of inorganic oxidizers such as manganese. Organic matter in a 
state of autoxidation seems to be lacking in the plots. Addition 
of manure to various plots on the Arlington farm has greatly in- 
creased the oxidizing power and also the crop production, thus illus- 
trating, as previously pointed out,’ that the factors that favor oxida- 
tion also favor, to some degree, soil fertility. In many soils, espe- 
cially those carrying considerable organic matter and of neutral 
reaction, the addition of manganese increases the oxidation in soil 
and also the crop yield. The action of the manganese may be direct 
or indirect; direct in that it stimulates the plant to an increased 
growth, or indirect in that it increases the metabolism of microorgan- 
isms which place at the service of the plant more material, organic 

and inorganic, which is readily assimilated, or by furthering the 
oxidation of material which is injurious to crop growth. Among 
the injurious substances found in soils under study for low pro- 
ductiveness are dihydroxystearic acid,? salicylic aldehyde,’ and 
vanillin,* all which are modified by oxidation. 

As regards manganese, Bertrand has shown it to be the most 
active element in promoting oxidation changes. In soils we have 
found it capable of promoting active oxidation, especially in the 
presence of suitable organic matter. By its strong oxidizing power 
manganese would render injurious material in the soil harmless or 
even beneficial, and by the oxidation of inert or rather stable organic 
matter might cause the nitrogen and other substances contained in 
the organic matter to become more rapidly available to plants. 
According to Giglioli,> the presence of compounds which accumulate 
combined oxygen with a capacity of gradually giving it off, facilitates 
the development of the roots in the deeper strata of the soil, which 
otherwise they would not be able to penetrate. When a ditch was 
dug in a region where manganese dioxide was acting as an oxidizer, 
a deep system of roots was found. 

In various experiments abroad, as already shown, manganese salts 
have been tested as fertilizers. Where the action of the manganese 

1 Bul. 73, Bureau of Soils, U. S. Dept. Agr. 

2 Bul. 53, Bureau of Soils, U. S. Dept. Agr. 

8 Bul. 88, Bureau of Soils, U. S. Dept. Agr. 

* Jour. Agr. Research, vol. 1, p. 359 (1914). 

6 Bo). quindicinale della Soe. degli Agr. Ital., 18, 974 (1908). 
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has been beneficial it is probably due (1) to the increased oxidation 

produced in the plant roots whereby the plant is stimulated to greater 
activity and to increased absorption of the material useful for its 
growth and general metabolism; (2) to the stimulation of the activity 
of microorganisms of the soil; (3) to an increased oxidation within 

the soil. In this connection it is of interest to note that Robin and 
Bardet!. concluded that colloidal metals, especially manganese, pro- 
mote oxidation in the tissues of animals and intensify metabolism. 

Where manganese has been of little value or has given decreased 
yields, conditions were such that stimulating actions on plant and 
microorganisms did not come into play, or, on account of the acid 
reaction of the soil, the effect of the stimulation led to reduction 
processes being predominant. Large applications of manganese 
have been found injurious, undoubtedly because of excessive stim- 
ulation and excessive oxidation in microorganisms and in the plant, 
with a resulting change in the biochemical activities of plant and 
microorganisms and in the conditions of inorganic and organic soil 
constituents, the ultimate result of which change is injurious to the 
growing crop. 

Soils poor in oxidative power should be improved by the addition 
of oxidizing substances, organic or inorganic, or, better, by treat- 

“ment which favors their formation, such as the addition of lime 
and manure to acid soils, of manure and manganese to nonacid 
soils. In soils of high oxidation power much further increase in 
the oxidation power may indeed be harmful. Excess of manganese 
in soils*has been found injurious, as shown by the work of Loew 
and Sawa? on rice, peas, and cabbage; of Salomon® on wheat; 
by the investigations of Kelley * on Hawaiian soils; and of Guthrie 
and Cohen * on the failure of grass on Australian soil. When man- 
ganese is added its effect will undoubtedly vary with the nature of 
the soil, the nature of the crop, the form of the manganese added, 
and the nature of the associated organic matter. In general its effect 
is to promote oxidation. In the presence of carbohydrates it may 
cause reduction of nitrates, through the reducing compounds formed 
in the oxidation of the carbohydrates. A review of the literature on 
manganese as a fertilizer shows its effect has been variable.® 
What quantities of manganese should be used in a soil to obtain 

favorable action can be determined at present only by experimenta- 
tion. In this paper it is pointed out that, on the acid soil of the 
experiment farm, 50 pounds of manganese sulphate to the acre 
decreased crop yields and gave in general a reduced rather than an 

1 Compt. rend., 188, 783 (1904). 
3 Bul. Col. Agr. Tokyo, 5, 161 (1902-3). 
2 La Staz. per. agr. Ital., 88, 1015 (1905); 40, 97 (1907). 

4 Hawaiian Sta. Press Bul. 23; J. Ind. Eng. Chem., I, 533 (1909); Buls. 26, 28, Hawaii Agr. Sta. 
5 Agr. Gaz. New South Wales, 21, 219 (1910). 

6 Bul. 73 and Circular 75, Bureau of Soils, U. S. Dept. Agr. 
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increased oxidation. Addition of manure increased the oxidation 
power in general, but the effect of manure was not tested in con- 
junction with manganese. 

CATALYTIC POWER OF PLOTS WITH AND WITHOUT MANGANESE. 

In previous work‘ it has been shown that in soil, as in plant and 
animal tissue, there is associated with oxidation the power to decom- 
pose hydrogen peroxide. The property of tissue to decompose hydrogen 
peroxide has been attributed to an enzyme, catalase, and the process is 
known as catalysis. This process is greater in strong vital soils and 
appears to be dependent not on an enzyme, but on the nature of the 
soil constituents, especially manganese and the organic matter. 

In testing the catalytic power of soils, 5 grams of air-dried soil 
were placed in a large test tube having a capacity of 90 ¢. c., pro- 
vided with a two-holed rubber stopper through which passed a small 
dropping funnel and a glass tube connected with a gas-measuring tube. 
The peroxide used was a slightly acid and rather stable solution con- 
taining approximately 3 per cent hydrogen peroxide by weight. 
Before using, the peroxide was made faintly alkaline to phenolphtha- 
lein by means of dilute sodium hydroxide and made up to 1.5 per cent 
solution. The neutralized peroxide was dropped upon the soil by 
means of the funnel, and the oxygen evolved was collected in the gas- 
measuring tube. The criterion for the catalytic power of soils is the 
rate of evolution of oxygen or the time required to evolve a definite 
quantity, usually 50 c.c., but in soils of slight catalytic power 20, 30, 
40 c. c., as the case may be. In this way many soils, productive and 
unproductive, surface soils and subsoils, greenhouse soils and field 
soils have been tested. The catalytic power is greater in strong vital 
soils than in weak soils, in surface soils than in subsoils, and persists for 
years in air-dried Soils: It is weak in acid soils. 

Using the method just described, the catalytic power of the soils 
of the plots was taken at the same time as the oxidative power— 
(a) in April, (6) in June, (c) in August. On account of the relatively 
slow catalysis, 30 c. c. was selected as the measure for comparison. 
The results are given in Table XVIII. 

TaBLe X VIII.—Catalytic power of plots treated with manganese and or the corresponding 
check plots. 

Time required to evolve 30 c. c. of oxygen. 

Crop. April. June. August. 

Check Manganese} Check Manganese} Check Manganese 
plots. plots. plots. plots. plots. plots. 

Minutes. Minutes. Minutes. Minutes. Minutes. Minutes. 
36 16 14 13 WEA. ois ance dt eaascae pees 15 11 

RY Gae~ wane cdsccuneseseeracne 13 10 9 9 13 9 
CORI Satie ee nase aa enee sue 11 10 5 7 6 8 
COW DEAR eps ceo camcee aioe ts 28 33 26 23 19 23 

6 20 16 20 Potatoes. 32h await, Alo 24 29 

1 Bul. 86, Bureau of Soils, U. S. Dept. Agr. 
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In wheat and rye plots, the catalytic power is greater in the manga- 
nese-treated soils than in the untreated soil. In the corn and cowpea 
plots the untreated soil is on the average slightly the better cata- 
lyzer. In the case of potatoes, the check plot is slightly the better 
catalyzer. The soil of the plots is not a strong catalyzer, and the 
differences between the plots is slight, with the exception of the wheat 
plots. 

Catalysis has been shown! to stand in closer relation to the man- 
ganese content of the soil than oxidation, though even in the case 
of catalysis the nature of the associated organic matter is of great 
importance. Addition of manure leachings and of manure ash in- 
creased the catalytic power of the soil of the experiment plots, but 
their effect was not studied in connection with manganese. 
In general, soils of high productiveness previously studied have 
had strong catalytic power, while poor soils have had, as a rule, weak 
catalytic power. The catalytic power, however, does not stand in 
as close relationship to soil fertility as the oxidation power does, 
though in general the presence of a strong catalytic power in a soil can 
be taken as a priori evidence that the many factors making for soil - 
fertility, such as suitable organic matter, bacterial activity, oxidation, 
etc., would be prominent and the soil would be a productive soil. 
Factors which favor fertility and oxidation, such as liming and addi- 
tion of manure, also favor catalysis. Though crop production is 
dependent on many factors, no one or two of which can be taken 
as an absolute criterion, it is interesting to note that the soil of 
the experiment plots is a poor oxidizer and catalyzer and is also of 
mediocre productiveness. Its poor oxidation and catalysis and like- 
wise yields of the ordinary cultivated crops may be connected with 
the acid character of the soil. In a similar way the lack of favorable 
response in oxidation, in catalysis, or in crop growth to treatment 
with manganese may be connected with the acid reaction and small 
organic content or the nature of the latter. . 

SUMMARY. 

The effect of manganese on poor and good soils was studied by 
growing wheat in pots. Manganese chloride, sulphate, nitrate, car- 
bonate, and dioxide had a stimulating effect in the case of an unpro- 
ductive sandy loam soil. The best results were obtained when the 
salt was applied in amounts from 5 to 50 parts of manganese per mil- 
lion. Quantities higher than this gave no correspondingly larger 
increase and in some cases were even harmful. On a productive loam 
the various salts of manganese had no stimulating effect. 

Further work was done by growing the crop in treated aqueous 
extracts of soils and studying the oxidizing power of the plants. The 

1 Bul. 86, Bureau of Soils, U. S. Dept. Agr. 
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oxidation was tested after the plants had been growing for two weeks. 
The effect of manganese on the oxidizing power of the plant roots and 
on growth gave different results with different soils. 

With poor, unproductive soils manganese salts increased oxidation 
and growth. This was especially true in extremely poor soils and in 
a soil in which were found several harmful organic compounds. 
Some harmful soil constituents themselves check the oxidizing 

power of plant roots, and their harmfulness is overcome by fertilizers 
which stimulate oxidation. 

Oxidation was increased in productive soils; the growth, however, 
was decreased. The plants suowed indications of excessive oxida- 
tion. As the oxidation processes in these soils were already good, 
the harmful action is attributed to excessive oxidation. 

The beneficial action of manganese may be due to its function of 
aiding and increasing the oxidation processes and other vital proc- 
esses in the plant as well as in the soil, and by this means changing 
or destroying some noxious products detrimental to plant growth. 
A 5-year field test with manganese sulphate was made, growing 

wheat, rye, corn, cowpeas, and potatoes. The experiments were 
made on a silty clay loam soil which is acid in nature. 

The manganese sulphate used at the rate of 50 pounds per acre had 
a harmful effect on each of the crops grown. 

The addition of manganese sulphate to the soil decreased rather 
than increased the oxidizing power of the soil, which at best does not 
possess strong oxidizing power. 

This is in harmony with the crop yield, which was also lessened 
by the addition of manganese sulphate, for while crop production is 
not absolutely correlated with the oxidative power of a soil, yet, in 
general, soils of good productivity are good oxidizers, and the factors 
which favor oxidation favor soil productivity. 

The catalytic power of the plots was slightly if at all increased by 
the addition of manganese sulphate. 

The soil is acid in character, which condition is unfavorable to 
oxidation and catalysis. ; 

The failure of manganese to increase these factors may therefore 
be due to the acid character of the soil. 
From these tests it is concluded that manganese is not profitable as 

a soil treatment on soil of this nature in need of liming. 
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HISTORICAL INTRODUCTION. 

Although the chain of evidence is not complete, it is probable that 
the forms of red peppers going under the name of “ paprika,” like 
other forms belonging to the genus Capsicum, came originally from 
the warmer part of the American continent. The name “ paprika ” 
‘seems to have been a local name used in Hungary and in the regions 
to the eastward for an elongated, medium-sized pepper distinguished 
by a deep-red color, rather thick, sweet flesh, and a very marked 
pungency. | 
From the evidence at hand it appears that the cultivation of this 

form of red pepper was carried on at a much earlier date than can 
be definitely associated with the name now so widely used. It is 
probable that the first European occurrence of paprika was in Spain 
or Portugal at an uncertain early date, perhaps not long after the 
discovery of America. The activity of the Spanish traders in the 
Mediterranean Sea and in the Orient probably led to the introduc- 
tion of this, with other forms of the genus, into these regions. Ac- 
cording to Augustin,’ the development of pepper growing in Greece 
arose out of this commerce with the Iberian Peninsula. With Greece 
as an early starting point in southeastern Europe the cultivation and 
use of this type of pepper seems to have spread to adjacent countries, 
involving southern Russia and what is now Bulgaria. When the 
-Mohammedan invaders were expelled from the plains of central and 

southern Hungary at the end of the seventeenth century these regions 

iThis bulletin sums up the results of an experiment having for its object the cultiva- 

tion and marketing of red peppers of the type furnishing the Hungarian paprika of the 

spice market. The American demand for this condiment has increased rapidly during 

the last decade, until a large aggregate sum is now paid for this item for home consump- 

tion. This bulletin tells how to grow, cultivate, and cure the crop and discusses the 

economic as well as agricultural phases of the subject—Wm. A. Taytor, Chief of Bureau. 

2 Augustin, Béla. MHistorisch-kritische und anatomisch-entwicklungsgeschichtliche 

Untersuchungen tiber den Paprika. Németbogsan, 1907, p. 16. Inaugural-Dissertation,, 

Universitét Bern. : 

13575°—Bull. 48—13——_1 
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were occupied by Germans from farther westward and by Greeks 
and Bulgarians coming from the East. It is supposed that the Bul- 
garians were especially concerned with the introduction of paprika 
culture, and its more recent development is said by Augustin to have 
been especially connected with the people of this race. This industry 
was carried on in the central and southern parts of Hungary, the 
peppers being used chiefly in a fresh condition. The curing of the 
ripe fruit for use as a powder is supposed to have been a secondary 
development, which in time centered especially around Szegedin, 
and in less measure about Kalocsa. These cities remain at present 
the chief centers of production for Hungarian paprika. 

According to Augustin, the name “ paprika” is of South Slavic 
origin and signifies “ pungent,” coming perhaps, with the culture of 
the plant, from the Bulgarians. It first occurs in the records in the 
eighteenth century and was used in the variant forms “ piperka ” 
and “ peprika.” This plant was known at much earlier dates as 
“Austrish pepper,” “ garden pepper,” and less frequently as “ Spanish 
pepper.” It appears that the use of powdered paprika, especially 
among the lower classes, spread rapidly in Hungary, owing probably 
to its cheapness in comparison with black pepper. It has increased 
in general popularity, however, until it now largely displaces the 
oriental spice in those regions. The name “ paprika” doubtless came 
to the United States with its users, who, through their importation 
of this article, seem to have introduced it to Americans at large. It 
has appealed in an increasing degree to the taste of the people, and 
its use has now extended far beyond the members of the races which 
brought it. 

In addition to the original pungent, highly colored, and very aro- 
matic paprika of Hungarian origin there has come another highly 
colored, aromatic, nonpungent, sweet pepper of Spanish origin, going 

frequently under the name of “Spanish paprika,” or sometimes 
simply as “ paprika.” In Spain it goes under the name of “ pimen- 
ton.” It is probable that much of the popularity of this class of 
condiments has been due to ‘an appreciation of the combination of 
mildness with high color seen in this latter article. 

These two paprikas are derived from quite different forms of pep- 
per, and it is necessary to bear in mind that the discussion in this 
paper pertains to the more pungent paprika of the Hungarian type. 

LEGAL DEFINITION OF “ PAPRIKA.” 

4 9 As has just been indicated, the name “ paprika” is a class name 
used in actual commercial practice to designate at least two general 
types of product, with various grades in each. It is clear that in 
Hungary this name as a rule refers to that derived from the larger, 
sweeter, less pungent species of the genus Capsicum. It seems also 
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that the name rarely refers to the grades supposed to be prepared 

from the walls of the fruit, but rather to those which are made by 

grinding the whole pod, including the seeds and placente. The 
paprika occurring in American trade has reflected this character in 
response to the taste of the consumer and his varying ability to pay 
the price. 

Under authority of the act of Congress of May 3, 1903, providing 
for the establishment of standards of purity for food products, a 
set of definitions of foods and drugs and their products was framed 
and issued as Circular 19 from the Office of the Secretary of Agri- 
culture on June 26, 1906. In this circular (p. 11) paprika was defined 
as follows: “ Paprika is the dried ripe fruit of Capsicum annuum L. 
or some other large-fruited species of Capsicum, excluding seeds and 

stems.” This limited the applicability of the term to its narrowest 
sense and excluded from the definition all except the more expensive, 
relatively nonpungent grades. The pods when ground with the seed 
came under the definition of red pepper, given in the same circular 
(p. 11) as follows: “ Red pepper is the red, dried ripe fruit of any 
species of Capsicum.” 

Later, however, this condition of affairs seems to have been some- 
what modified, since in reply to a note of inquiry from the Chief of 
the Bureau of Plant Industry concerning the status of American- 
grown paprika Dr. H. W. Wiley, as chairman of the Board of Food 
and Drug Inspection, on November 25, 1908, said: 

The Board of Food and Drug Inspection has considered the letter addressed 
to it by you, under date of November 12, concerning the marketing of paprika 

grown in this country. The board is of the opinion that the department will 

take no action in the case of paprika made by grinding whole pods—that is, 

the shells and seeds exclusive of the stem—when the product is sold under the 

name of “ paprika,” but the paprika thus ground should not consist of a larger 

amount of seeds than are normal to the pods with which the seeds are ground. 

In view of the fact that the seeds of paprika have a nutty, oily 
flavor which influences the condimental quality of the product, this 
practical extension of the definition of paprika made it possible for 
consumers to secure under the name of paprika a greater variety of 
condiment than before. 

Since paprika has heretofore been exclusively an imported product, 
the question arose as to whether in a legal sense the name had acquired 

any geographical significance likely to interfere with the use of the 
name “ paprika ” for the American product. In answer to an inquiry 

on this point, Dr. Wiley, as Chief of the Bureau of Chemistry, on 
March 8, 1907, wrote: 

In my opinion the word “ paprika” has no geographical significance and may 

be applied to the pepper in question, no matter where grown. I can see no 

objection, therefore, to its use upon pepper which has been grown from the 

Hungarian seed in the United States. 
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The two opinions quoted seem to establish the legal status of Amer- 
ican-grown paprika. 

BOTANICAL ORIGIN OF PAPRIKA. 

The form of pepper chiefly concerned in this paper is one of the 
many forms of the almost universally distributed Capsicum annuum 

L. (Fig. 1.) In field cultures it exhibits more or less variation, but 
the most frequent and most desirable form corresponds to the follow- 

ing description : 

Plants about 2 feet high, obpyramidal in form. Stems dichotomously 

branched, angled, subsulcate, glabrous except for slight pubescence on the angles 

and at the nodes, longitu- 

dinally striate with green 

and whitish green. Leaves 

ovate, acute, tapering at 

the base to a petiole about 

half as long as the blade, 

glabrous on both sides, 

dark green above, lighter 

beneath. Flowers solitary 

in the dichotomies, flower- 

ing successively from the 

lowest upward, through- 

out the season. Fruits on 

nodding peduncles, typi- 

cally 34 to 4 inches long, 

1 to 14 inches broad at the 

truncate base, the shoul- 

der of which extends be- 

yond the persistent calyx, 

tapering gradually to the 

acute, obtusish, or mi- 

nutely retuse apex; sur- 

face smooth, slightly 

marked by longitudinal de- 

pressions, which indicate 

the position of the two 

(or more) parietal pla- 

cent. Placentze, meeting in the axis in the basal third of the fruit and at the 

extreme apex, not in contact elsewhere. Seeds compressed, broadly oval to 

suborbicular. 

20 iene oS. 

It is probable that this type is of mixed origin, since a small propor- 
tion of shorter, more rounded, and inflated fruits occur, showing three 
or four rounded protuberances at the end of the pods. Occasionally 
a fruit occurs having almost the “bullnose” form. (Fig. 2.) 

CHARACTERISTICS OF AMERICAN PAPRIKA. 

The word “ paprika,” as it has entered into commercial use in the 

United States, refers to a variety of products. It is probable that the 
name was originally applied to the Hungarian type to which the 
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pepper discussed in this bulletin belongs. This type of pepper has the 
thick-walled, deep-red conical pod, yielding, when ground either with 
or without the seeds, a bright-red powder possessing to a considerable 
degree the characteristic pungency of most capsicums and an addi- 
tional aromatic flavor much desired by its users. This pepper is much 
sweeter than the cayenne type and is used more freely. 

The second type of paprika is derived from a rounded fruit also 
having a thick, deep-red “ shell,” but is almost devoid of pungency 
and seems to have a less aromatic quality. This type of pepper is 

Fic. 2. —Range of form of fruits of American-grown paprika pepper, not dried. (Two- 

thirds natural size.) é 

very sweet and, owing to its high color and mildness, is used very 

freely, even to the point of giving a deep color to the soup, catchup, 
or other food product in which it is used. This latter type is known 
to the American trade as Spanish paprika, less often as “ pimiento ” 

“pimenton.” The paprika dealt with in this bulletin belongs to 
the Hungarian type, having been developed from seed obtained from 
the paprika district of Hungary. (Fig. 3.) 

The quality of paprika pepper is largely dependent upon the fol- 
lowing characteristics: Color, pungency, sweetness, and flavor. 



6 BULLETIN 43, U. S. DEPARTMENT OF AGRICULTURE, 

COLOR. 

The color desired in paprika is a bright red, not too pale and 

not too brownish in tinge. As the red coloring matter is found in 
the outer wall of the fruit, this part (“shell”) when ground sepa- 
rately gives the lightest red color. Since, however, the shells when 
so ground give a dry powder which tends to fly about when used, some 
prefer the pods ground with the seeds. The seeds contain a large 

amount of a fatty oil, 
in which the red col- 

oring matter is solu- 
ble, and this oil gives 
a slight stickiness to 
the powder, making 
it less dusty in use, 
brightening and 
deepening the color, 
and also aiding in 
bringing out its aro- 
matic properties. The 
seeds, with the seed 
coats and other tis- 
sues present, intro- 
duce into the powder 
a pale brownish tinge, 
which to a consider- 
able extent modifies 
the action of the oil 
present in brighten- 
ing the color of the 
powder. 

The color is influ- 
Fic. 3.—Dried American paprika peppers of desirable type. enced to a consider- 

(Two-thirds natural size. ) able degree by the 

fineness of the powder. In general, the finer the powder the brighter 
and lighter the color. 

PUNGENCY. 

The degree of pungency present is an important characteristic of 
paprika. To those accustomed to the very mild Spanish paprika 
the Hungarian article is rather strongly pungent. This quality has 
been found by chemists to be due to a crystalline substance of some- 
what doubtful chemical character, known as capsaicin (C,H,,O.). 
This substance occurs in the papery pale-reddish or yellowish tissues 
of the placente. The seeds, which are attached in a crowded ar- 
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rangement to the placente, when thoroughly dried are readily broken 
loose from their points of attachment and often carry with them 
small bits of placente, thereby acquiring a pungent taste. 

In some cases it is probable that the loose seeds in rattling about 
in the shell rub against the placentze sufficiently to get from them 
considerable pungency. In general, all parts of this pepper, exclu- 
sive of the placente, are nonpungent but may acquire pungency 
through contact with the placental structures. From what has been 
said it is clear that the sharpness of the powdered paprika is to a 
considerable degree dependent upon the material used in grinding. 
In making the milder grades of Hungarian paprika the seeds and 
placentz are largely removed before the shells are ground. The 
pungency will vary largely in proportion to the thoroughness exer- 
cised in removing the placente. .Pepper fruits ground whole give 
the maximum sharpness. 

Since the pungency of the product exerts a great influence in de- 
termining the commercial value of red peppers, it was thought nec- 
essary to determine by some approximately accurate method the 
pungency of the American-grown product in comparison with the 
pungency of that of Hungarian origin. It appears to be a common 
practice in some commercial houses to estimate this factor by means 
of the sense of taste. 

Mr. E. W. Durkee, of New York, pointed out the fact that in order 
to get a basis for commercial comparison sugars and other soluble 

materials are frequently made use of in measured quantities to dilute 
the pungent material in question. This method was adapted to the 
present purpose in the following manner: A small weighed quantity 
of the paprika powder was placed in a mortar with a small weighed 
quantity of cane sugar and triturated until the powders were com- 
pletely mixed and reduced to great fineness. If on tasting a small 
portion of the powder the sensation of pungency was noted, further 
weighed quantities of sugar were added until the pungency could no 
longer be perceived. Thus a ratio was obtained between the original 
weight of pepper used and the weight of the sugar needed to bring 

the sensation of pungency just to the point of disappearance. A 
shght error is introduced in removing small quantities for tasting, 
but these amounts are so small that it is believed that the ratio ob- 
tained is not perceptibly affected. It was found that by practice it 
was possible to reduce tastings to a relatively small number, since 
both speed and accuracy were developed by painstaking effort. As 
would be expected, the personal equation entered to influence the 
result. The work was checked up by several members of the labora- 
tory force with an almost astonishing unanimity of result. One man, 
a habitual smoker, was the only exception, his results showing far less 
sensitiveness to pungency than was found in his colleagues. 
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The disturbance to the sense organs involved in making the test 
can be reduced by making a series of triturates of known content 
covering the range within which the samples may be expected to fall, 
and begin by tasting the most dilute members of the series first. In 
this way the shock of the stronger reactions produced by the more 
concentrated triturates is avoided and the sensitiveness of the nerves 
conserved. 

After the method had been practiced until a satisfactory degree of 
uniformity of result had been obtained, a standard of comparison for 
the American-grown peppers was sought in a series of authentic 
Hungarian samples representing a wide range of market sorts. The 
results are presented in Table I. The names of the samples are given 
as they appeared on the original labels. The ratio of the weight of 
pepper to the weight of cane sugar required to just obliterate the 
sensation of pungency is given in the second column, the color im- 
pression being noted in the third column. 

TABLE I.—Pungency tests with imported samples of paprika from Hungary. 

Ratio of 
Label on sample. pepper to Color. 

sugar. 

Hof paprika Suss).2e:- < <c. .-bsseceescmce cease ccs cccnereckns sSeseeeeens <= see eee 1: 300 | Excellent. 
aIDSUSS= 2 sein Ss eege ees sets Societe oasnie we eeseisice dis, o watne es = see a eee Mee i= 3 oe ene 1: 4500 Do. 
SPeCMAlita bye osha. ede sos ees sake e a Se eS =) le 1: 600 | Good. 
Hixtrafems Royal 5s. 5. 22 Le eacce Societies mnie nc Shee ees ae Ateneo. - = =e eee eee 1:1,000 Do. 
Rosen paprika : = 24 8: soe 52s ae ses dsc Sete etiece sees sees eee eee: & <1 se eee 1:1,360 Do. 
Pick Mark-Gully0s W222 ai s fe sticwie ene ee Se crete Saleo = 5 cea s Secale Me eee = allele ts 1: 300 | Excellent. 
Pick Mark-Heledes! 2s sn2 sac beicticcs sates ccs on cbep see ee SEARED - one ER 1: 300 Do. 
Pick Mark-Paprikakul Excelsior 2. o sc ecmseec sce cebee oe nooner} ~~ en ee eee 1: 400 | Poor. 

It was thought desirable to determine the same point for com- 
mercial imported Hungarian material found in the American market. 
Table IT shows the result of the test in seven samples obtained from 
six dealers in several cities. 

TABLE II.—Pungency tests with samples of imported paprika secured through 
American dealers, 

Ratio of 
Nature of sample. pepper to Color. 

sugar. 

Powderfrom\wholepod's.. 2-525 ges ssc see bs eteee ee «od. Zeer ees «see eee 1: 950 | Very good. 
1D eae eee aka. Sea ene ci: Se ECS |. SAGES cc 250 1: 700 | Very poor. 
DO). yas itenteilc w Sad als = oe SCE dais no 36e ge eee cose a ace Some e saat eee 1:1,700 | Poor. 

Powder trom shellsit. 7&5 sso. 2 Jee See wears oe ee oe eee eee 1: 400] Very good. 
Powder from shells of Hungarian sweet peppers..........-..-..----+------------ 1: 300 Do. 
Powdertfrom shells, Hungarian: = eee. o lcs sc s se neleemenins cos ceenia coo aerate 1:1,200 | Poor. 
Pow derirom: shells): 2.250225 a; Be 22 hs ee eet been. cereeees see eee 1: 400 | Excellent. 

A comparison of samples of home production grown at Ebenezer, 
S. C., was made. An average powder was obtained by grinding 
representative pods from many plants. It was thought desirable not 
only to test the powders obtained by grinding the whole pods and the 
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- shells, but also by introducing tests on seeds and placente to ascer- 
tain something concerning the distribution of the pungency in the 
fruit. Table III presents results obtained on American-grown ma- 
terial. 

Taste III.—Pungency tests with American-grown paprika. 

Ratio of 
No. Nature of sample. | Drying heat.| pepper Color. 

| to sugar. 

Shells without placente or seed.........---.------------ 135° 1 IP. 1: 500 | Very good. 
PalmeowGertrona wholemod- 2. sens. ~< os deaeece a aocer eee 135° F. 1: 1,050 | Good. 
Dalmalacentecronl yas eas 8 2 RN. asters a cicie sae eeeleciae 135° F. 1:19,000 | Poor 
44 1 SSSR GL OLR eR a I ae mee teem ha ot oe 135° F. 1: 700 Do. 
5 | Shells with very few seeds............-...--------------- Air dried. 1: 1,200 | Very good. 
Gileses: CIC EEA SR a wa 5 2 RR BAS a Reena eae 98° F. i: 1,000 Do. 
GAsacs CO soso oc. ot Cann GRO eT rts CREEEES HeraeESaoeTGe aoe 113° F. 1: 900 | Fairly good. 
Si leesee CO SSIES ee i 5 ME EE SIL 5 RN 131° F. 1: 9800 Do. 
Ol eieise (LOR ar ae NS gue eta eR nt. Sele od) ys tale a 45a 1: 800 Do. 

LOG sae 3 GO). cco BE SHES GEE SSS Apa aan de reaeyers =r... alam 176° F. 1: 700] Poor. 

From these tables it will be seen that the home-grown product 
is in general somewhat more pungent than the imported article 
representing like structures. There are, however, imported samples 
of shells more pungent than the average of the home-grown samples, 
and imported samples of the whole pods of which the same might be 
said. 
An examination of the results obtained by testing different parts 

of the fruit shows the relatively low pungency possessed by the seeds 
and walls in comparison with the extreme pungency characteristic 

of the placental tissue. 
In connection with the discussion in a later part of this paper 

of the methods of curing ripe pods of the paprika, the temperature 
to be used in drying the fruit is mentioned. In working out this 
point of practice, pods dried at different temperatures were subjected 
to the pungency test in order to ascertain whether heat modifies this 
characteristic. The results are seen in Nos. 5 to 10, inclusive. Pods 
air dried were probably not submitted to a temperature of 100° F. 
Tt will be noted that as the temperature of the curing house was run 
higher the color of the product was impaired to a corresponding 

degree and the pungency correspondingly reduced. To what this 
latter effect is due can not be stated. That it is hardly due to the 
escape of the pungent constituent is shown by the fact that the at- 
mosphere of the curing house containing tons of drying peppers is 
not noticeably peppery, as would be the case if capsaicin were escap- 
ing even in a small degree. 

SWEETNESS. 

Paprika pepper is characteristically a sweet pepper, the sugar 
being found chiefly in the wall of the pod. Determinations made on 
ground material from South Carolina pods artifically dried showed 

13575°—Bull. 43132 | 
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15 per cent of glucose and 1:2 per cent of cane sugar in the dried - 
whole pods. The dried shells showed 24.6 per cent of glucose and 1.7 
per cent of cane sugar. Sun-dried pods grown at Pierce, Tex., 
showed a very different result, the glucose falling to 2.5 per cent and 
the cane sugar rising to 5.9 per cent. 

FLAVOR. 

The flavor of paprikas of this type, considered apart from the 
pungency, is an important property of the fruit, but one which can 

hardly be defined or meas- 
ured. Apparently infinites- 
imal quantities of aromatic 

substances are effective in 
giving flavor, as is shewn 
by the fact that in sugar 
triturations made so dilute 
as to lose all recognizable 
pungency the characteristic 
flavor of the fruit is still 
present. Dealers in pa- 
prika do not lay like em- 
phasis on the aroma of the 
paprika. 

WOOD FIBER. 

The amount of woody 
fiber present is made a fea- 
ture in determining stand- | 
ards for certain red-pepper 
products. Samples from 
South Carolina submitted 
to the Bureau of Chemistry 

Fic. 4.—Dried paprika pepper pods grown in Hun- f d 

gary. Received through the Bureau of Chemistry for test gave tor groun 
from the Royal Hungarian Ministry‘of Agricul- whole pods 20.9 per cent, 

ture. (Two-thirds natural size.) Z 
for the ground shells 17.2 

per cent, and for the ground shells and seed 20.4 per cent of wood 

fiber. 

The paprika pepper fruit as collected in Hungary and sent to the 

United States consists of the dried fruits, with the stems which bore 

them. These stems, usually bent to accommodate the drooping fruits, 

are slender, two-sixteenths to three-sixteenths of an inch in diameter, 
and are usually pierced for stringing into longer or shorter festoons. 

(Fig. 4.) The average weight of such a dried pod was found to be 

about 3.5 grams, consisting by weight of about 55 to 58 per cent of 

shells, 29 to 33 per cent of seeds, about 8 per cent of stems, and about 

4 per cent of removable placente. 
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Similar data, based on 5 pounds of dry South Carolina paprika, 
showed almost the same results: Shells, 60 per cent; seeds, 30 per 
cent; and stems, 9 per cent. 

COMMERCIAL CONSIDERATIONS. 

The use of paprika in the United States seems to have come with 
the advent of Hungarians and other Kuropean peoples accustomed 
to making use of it at home. According to those in touch with the 
development of the paprika trade, little was heard of this article 

until about 25 years ago, when a small local city trade in Hungarian 
paprika sprang up, chiefly in New York. The local demand spread 
eradually for some years, but during the last decade the appreciation 
of this condiment seems to have progressed more rapidly and to have 
involved classes of population other than those originally concerned. 

The former demand for the rather pungent Hungarian paprika 

seems to have been overshadowed by the much greater call for the 
sweeter, deeper-colored, milder Spanish paprika. Thus it has come 
about that the present paprika importation is overwhelmingly in 
favor of the Spanish type. Different dealers in touch with the 
paprika trade estimate that for 1 pound of Hungarian paprika, 3, 
12, or even 20 pounds of Spanish paprika are imported. Owing to 
the lack of official statistics on these points it is impossible to verify 
these estimates, but it is doubtless true that at present the milder 
Spanish paprika enjoys a much wider popularity than the more 
pungent Hungarian paprika. 

The dearth of official data just referred to maxes 10 impossible to 
estimate with the desired accuracy the volume of the present paprika 
trade. About two years ago the writers interviewed a number of 
the chief dealers in paprika of all kinds, and after collecting and 
comparing the statistics obtained it seemed probable at that time that 
about 4,000,000 pounds of paprika were imported annually, of which 
amount about 3,500,000 pounds were from Spain and about 500,000 
pounds were the Hungarian products. 

The price of paprika, as quoted in American trade publications, 
deals with the ground article, a fact not to be lost sight of in com- 
paring prices of paprika products. In fact, practically the entire 
importation of paprika consists of the powdered condiment. The 

chief reason for this is perhaps to be found in the cheap-power facili- 
ties available in Hungary and in Austria for grinding the pods.* 
Floating mills, anchored in the streams passing through the paprika- 
growing regions, provide facilities for milling the pods with the 

" minimum expense. 
The prices of Hungarian paprika are not obtainable from authentic 

official statistics, but must be sought in the current commercial 

1 Augustin, Béla. Op. cit. 
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literature. The files of the Oil, Paint, and Drug Reporter show that 
Hungarian paprika during the past two and a half years, during 
which this article has been given separate mention in these price lists, 

has been a rather steady item. The quotations rose in the latter half 
of the year 1910 frem 163 to 18 cents as a minimum to 25 cents as a 
maximum price. During 1911 the price seems to have been prac- 
tically stationary at 18 to 25 cents throughout the year. In 1912 a 
further advance was made to a range between 20, 30, and even 34 
cents per pound late in the year. High prices have continued to 
prevail during 1913, although November auotations show a range 
between 27 and 82 cents. 

In this connection, it is te be noted that the product of the Depart- 
ment of Agriculture’s experimental work was disposed of not in a 
ground condition but as whole pods, chiefly without the stems. The 
prices obtained for first-grade pods, as will be seen in consulting the 
details of the experiment (p. 22), have varied during the above period 
between 8.2 and 10.4 cents per pound, dry weight, on the cars at the 
point of production. 

Transportation considerations enter as an important factor into 
the growing of paprika on a commercial basis. The purchaser prefers 
to have the pods in as nearly a whole condition as possible, since in 
whole pods no question can arise concerning the introduction into 
the shipment of pepper seed in excess of the natural proportions. 
This point assumes much importance in connection with the ruling 
of the Board of Food and Drug Inspection concerning the use of 
the name “ paprika,” referred to in the discussion of the legal con- 
siderations bearing on the paprika problem (p. 3). On account of 
this requirement it is important to prevent crushing; also, in order to 
secure the benefits of the better appearance presented by the whole 
pods, it is necessary to pack the light pods rather loosely. This makes 
a shipment very bulky and materially affects the cost of transporta- 
tion. : 

CULTURAL CONSIDERATIONS. 

The paprika pepper is a herbaceous annual plant which in this 
country fruits until checked by frost. In view of this fact the length 
of the crop season is an important factor in determining the yield. 
The experiments on which this bulletin is based were carried out at 
Ebenezer, Florence County, S. C., about 7 miles from Florence, and 
the results here reported are applicable in detail only to conditions 
of soil and climate similar to those found in that general region. It 
is believed. however, that the chief features here demonstrated can 
be readily adapted to other localities where the conditions are not too 

dissimilar. 
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CLIMATIC CONDITIONS. 

The seat of these experiments is in the lower pine belt of the 
rather level Coastal Plain region. Weather observations for the 
neighborhood concerned are lacking, but conditions observed at Trial, 

Berkeley County, S. C., are believed to closely approximate those at 
Ebenezer and are here cited. Observations for about 17 years show 
an average crop-growing season (between spring and fall frosts) 
ranging from 230 to 240 days. The average date of the last killing 
frost in the spring is near March 25, and the first killing frost in 
autumn is about November 10. The latest killing spring frost ob- 
served occurred on April 20 and the earliest killing frost about Oc- 
tober 20. The summer temperature rarely reaches 100° F., the sum- 
mer mean being 78°. The winter minimum reaches zero, the winter 
mean being 48°. The mean annual rainfall is about 50 inches, the 
precipitation of the winter, spring, and fall averaging about 10 
inches each and that of the summer approaching 20 inches. The 
rain falls at frequent intervals, as is shown by the fact that precipita- 
tion of 0.01 inch or more was observed on 102 days of the year. 

Under the conditions described the paprika plants enjoy a long 
erowing season with ample and well-distributed rainfall. The plants 
are in active fruiting condition until the early half of November, and 
even after that the rather heavy stems contain sufficient material to 
ripen the larger of the uncolored fruits. In excessively rainy periods 
the flowers sometimes fail to set fruit, and when such intervals occur 
during the latter part of the summer the fruit develops an unusual 
amount of disease and the ripe pods are a little off color. Sunshine 
is very desirable during the growing season, as it adds brilliancy to 
the color and assists in bringing about a uniform ripening of the 
fruit. 

SOIL CONDITIONS. 

The prevailing soil used in this work is a rather coarse sandy 
loam used formerly for growing tobacco and other crops. Corn, 
cotton, and cowpeas are standard crops for this type of soil. Favor- 
able results on other soils, however, justify the statement that pa- 
prika peppers grow successfully on a wide variety of soil types, pro- 
vided sufficient fertility is present. They thrive best, however, on a 
good, mellow, warm soil of either the clay-loam or sand-loam type. 
The soil should be well drained and still be able to retain a good sup- 
ply of water. 

PROPAGATION. 

Paprika pepper is propagated exclusively from seed, which may be 
planted in a seed bed and later transplanted to the field, or the seeds 
may be planted directly in the field should climatic and soil conditions 
permit. 
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PREPARATION OF SEED BED. 

Should it seem desirable to take full advantage of the summer 
season, time is gained by using a seed bed. (Fig. 5.) The area of 
seed bed required for 20 acres of peppers is about 200 square yards. 
During the experiments in South Carolina various types of seed beds 
have been used. However, the arrangement herein described has 
proved the most successful and, while somewhat more expensive than 
other forms tested, is of the greatest value to the grower. It is con- 
structed as follows: An excavation 6 feet wide and 102 yards long is 
made, having a depth of 12 inches. On the edge of this excavation, 
at intervals of 10 feet around the entire bed, upright posts are erected. 
On the inside of these posts and in contact with the wall of the 

excavation are nailed 
boards 12 inches wide 
and 1 inch thick. The 
posts on the side to 
the rear are sawed off 
2 feet above the level 
of the earth,and those 
on the front side 1 
foot above. . There- 
fore, three boards are 
required for the rear 
side and two for the 
front, one board be- 
ing necessary tobring 
the weatherboarding 
to a level with the 
top of the ground. 
The ends are weath- 

erboarded with the 
same material. Slats 3 inches wide and 6 feet long are nailed across 
at intervals of about 3 feet. In the center of each of these strips and 
running parallel to the edges a strip 1 inch square is nailed. Two of 
these strips support the glass frame in position. The frames are 3 
by 6 feet. 

After the framework is constructed and before it is put on, a layer 
of stable manure about 4 inches in depth is put in. On top of this 
about 4 inches of dirt is added. This is well leveled down and the 
seed sown and raked in with a garden rake. The bed is then covered 
with the glass frames. A force pump with hose connection may be 
brought near enough to the bed to make applications of water as 
often as needed. The seed is planted about the middle of March, 
though a month earlier would be preferable. Within about three 
weeks the plants are up. During the period of growth a very light 

Fic. 5.—A cold frame in which pepper plants are grown. 
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application of nitrate of soda is made. The plants are very delicate 
and require daily attention. They are liable to “damp off” and 
should be given as much air as possible by removing the frames on 
days when the weather is pleasant. By May the plants are large 
enough to transplant to the field. Of course, not all the plants are 
ready to come off at the same time, since some are likely to be much 
more advanced than others. A period of about six weeks will elapse, 
during which time the developing plants can be pulled from the 

bed. This bed, although satisfactory in every way, is perhaps more 

expensive than some growers could afford. As a substitute for thi- 
there may be recommended a construction similar in every way, ex- 
cept that the boards forming the front side of the bed need not be 
brought more than 3 inches above the level of the ground, and on 
the rear side to a height of about 12 inches above the level. Instead! 
of expensive glass frames a medium-weight canvas or tobacco cloth 
may be used. 

In selecting a location for the plant bed the warmest possible place 
should be chosen, preferably a southern exposure, and the slant of 
the bed should be to the south. 

PLANTING TO THE FIELD DIRECT. 

A plant bed is not always necessary, since in the case of an early 
spring the seed may be planted directly in the field and receive a 

start sufficiently early to yield a good crop. It is well, however, to 
use a plant bed as a safeguard, since the main point to be sought in 
pepper growing is to give the crop an early start. This is necessary 
in order to have a longer fruit-bearing period with a consequent 
heavier yield. The main difficulty experienced in these experiments 
has been that of getting the crop started sufficiently early. 

A seed drill is the best means of planting directly in the field. 
The seed should be drilled in the rows 3 to 4 feet apart and should 
not be covered more than an inch deep. “With good weather condi- 
tions the seed should sprout in from two to three weeks. When the 

plants are from 2 to 3 inches high they should be thinned to 12 to 18 
inches apart, and plants should be set in any missing places. (Fig. 6.) 

This method is not so satisfactory as that of using the plant bed 
as a source for plants, since by the plant-bed method the plants are 
up a month earlier and secure the benefits of a longer erowing season. 

CULTIVATION. 

The cultivation of paprika pepper is in almost every respect simi- 
lar to that of other field crops of the vicinity. A deep preparation 
of the soil is essential, and frequent shallow cultivations are necessary. 
‘The crop is cultivated longer than most crops, owing to its longer 
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period of growth. In South Carolina, peppers grow until the killing 
frosts begin; therefore cultivation is continued until the harvesting 
of the crop is begun in July. 

FERTILIZERS. 

Except in very fertile soils, fertilizers should be used, for, like most 
crops, peppers thrive best in soils rich in organic matter. The addi- 
tion of stable manure is found to be very beneficial. Very satisfac- 
tory results have also been obtained by the application of 500 to 
1,000 pounds of a mixture containing two parts of cottonseed meal, 
two parts of acid phosphate (14 per cent), and one part of kainit. 
Excellent results also followed the application of about 600 pounds 
of a complete fertilizer containing 4 per cent of ammonia, 8 per cent 

Fic. 6.—A paprika pepper field, showing the arrangement of the plants. 

of phosphoric acid, and + per cent of potash, reinforced by 100 pounds 
of sodium nitrate per acre. Half of this complete fertilizer, together 
with the sodium nitrate, was used in two side applications to the crop, 
the first being made about the last of May and the second about the 
last of June. The best results were obtained by an application, pre- 
vious to transferring the plants to the field, of 500 pounds per acre of a 
mixture of two parts of cottonseed meal (17 per cent ammonia), two 
parts of acid phosphate (14 per cent), and one part of kainit (12 
per cent). In June an application was made of 500 pounds per acre 
of the same mixture, together with 100 pounds of 18 per cent sodium 
nitrate, to each side of the rows of peppers just previous to cultiva- 
tion. Side applications of available fertilizers are to be recom- 
mended for this crop on account of its long period of growth. 
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HARVESTING. 

The pods should be uniformly ripe when picked. Although they 
usually begin to ripen early in July, quantities sufficient to justify 
picking are not usually found before the middle of the month. 
After the ripening season sets in it is generally necessary to pick 

about every seven days. (Fig. 7.) By picking thus frequently the 
curing houses are not overloaded and the crop is conveniently handled. 
In Hungary the pepper fruits are picked with the stems attached, to 
give opportunity for stringing the fruits into long festoons, in which 
form they are hung up to dry. In South Carolina, where artificial 

Fic. 7.—Picking paprika peppers. The pods are piled on sheets at the end of the rows. 

heat is used in specially constructed houses, the stems are not needed 
and the fruits are picked without them. 

CURING. 

The processes of curing and picking peppers are closely related, 
in that the amount of peppers to be picked at any one time should 
not exceed the available drying facilities, and the curing barn must 
be so managed as to finish up each picking before the succeeding lot 
of pods requires the building. This means that a curing barn of 
a given capacity will serve a definite acreage of pepper field. As- 
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suming a usual yield of pods, a curing barn 20 feet square, with 
18-foot posts and a high pitched roof, can by proper management 
cure the peppers grown on a 10-acre field. This assumes such fea- 
tures of construction as are described for increasing the floor surface 
of the barn. 

The curing barn used in this work is a simple 4-walled building, 
20 feet square, with 18-foot posts and a steeply pitched roof. (Fig. 
8.) The tightly built walls rise from the ground and there is no 
floor. The barns are usually made with double walls in order better 
to retain the heat. 

In one end of the building are two brick furnaces built 12 feet 
apart. These furnaces (figs. 9 and 10, a) are semicircular in shape, 
or archlike, and are 7 feet long, 2 feet high, and 2 feet in width. 

They are built on the 
ground with about 18 
inches extending out- 
side the barn, 54 feet 
being inside (fig. 10). 
From the interior end 
of these furnaces sheet- 
iron flues (6), 10 to 12 
inches in diameter, ex- 
tend along the side of 
the house to within 2 
feet of the opposite end 
wall. Here by means 
of elbows the flues are 
carried to a point 2% 
feet short of the mid- 
dle line, at which place, 

again by means of elbows, the flues return to the first end of the barn 
and after making another turn -pass out at a point just above the 
furnace. The flues throughout their course are slightly ascending, 
and the smoke which traverses them, with the hot air, is discharged 
through a pipe (¢) above the furnace. (Figs. 9 and 10.) 

The crates to receive the peppers during the drying process con- 
sist of wire-bottomed trays 8 feet long, 30 inches wide, and 5 inches 
deep. (Fig. 11.) To construct a crate, a rectangular wooden frame 
8 feet long by 30 inches wide is made, using material 1 inch thick 
and 2 inches wide. Midway between the ends a crosspiece is nailed 
in order to strengthen the frame and support the wire. To this 
frame the wire is tacked with small staples. The best wire to use is 
the quarter-inch galvanized-iron kind, but if it is desirable to use 
a cheaper quality the 16-mesh wire gauze can be used instead, 
reducing the cost to about one-third the price of the stronger 

Fic. 8.—Curing barn used in drying paprika peppers. 
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wire. After the wire has been tacked on, a board 6 inches wide is 

nailed to the end of the four sides of the frame, thereby making a 
container 5 inches in depth. These wire crates are supported in ihe 

barn by timbers 2 by 4 inches nailed across from one side to the 
other. The crate should rest on three of these, one being at each 
end and one at the center. The first layer of these crates is about 6 

feet above the floor of the barn. An opening 4 feet wide is left the 
entire width of the barn and extends to the top. On each side of 
this opening the crates are eas four to each level and four tiers 
high. Between each 
two crates a space is 

left, and the crates on 
the next tier above 
are not placed directly 
over those below, but 
alternate with the open 
spaces. This gives 
room for 16 crates to 
each side, with an open 
space through the cen- 
ter of the barn. About 
4 bushels of the fresh- 
ly picked pods can be 

_ placed in each of these 
erates, making a total 
of 128 bushels to each 
curing. 

After the crates are 
placed in position and 
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filled the heat may be * 
y i Scale of Feer- 

started. This is done er ee & 

by building a fire in Fie. 9.—EHnd view of a paprika curing house, showing 
the furnaces outside. furnaces, smoke pipes, and the arrangement of the 

interior framework to support the crates. 
The heat is advanced 
directly to between 135° and 150° F. and held at that point for about 
72 hours, the time required to complete the process. The peppers are 
then taken out and placed in containers in some good storage house 
until through the absorption of a sight amount of water from the air 
the pods become somewhat flexible. 

STORAGE. 

After the peppers are taken from the drying barn they should be 
placed in a good dry storage house and left in the containers until 
they become flexible. They should then be worked over, taking out all 
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defective pods, which may be known as “ grade 2,” the first-class 
pods, of course, being referred to as “ grade 1.” After assorting, the 
peppers are placed in bags, preferably the 5-bushel size, which hold » 
about 50 pounds of dried pods. They are then stored away as com- 
pactly as possible until marketed. The peppers should not stand too 
long in storage, as they deteriorate in value. Rats also are very 
destructive to peppers. 

YIELD. 

The experimental cultivation of paprika on an acreage basis was 
begun in 1905, and was continued under careful observation for four 

seasons. During that 
+ period the effect of 

variation in weather 
conditions had an op- 
portunity to develop. 
The degree of com- 
pleteness of the stand 
was found to vary as 
a result of the dif- 
ferent causes. With 

_ Increasing familiar- 
_ ity with the practical 
_ handling of the crop, 
|" some. variation in 

_ yield may have been 
due to the human 
factor. It is prob- 
able that the results 
reported here may 
therefore be taken to 
represent fairly well 
the range of paprika 

yields likely to be met under usual conditions, assuming a practice 
of careful farming. 

In 1905 three acres of paprika were planted, the total yield which 
resulted being about 3,200 pounds of dried pods, the average yield 
per acre being about 1,067 pounds. In 1906 two plats were grown. 
One plat of one-half acre yielded 425 pounds, giving a rate of 850 
pounds per acre. The other plat of 4 acres yielded 3,280 pounds, an 
average of 820 pounds per acre. In 1907 a plat three-fourths of an 
acre in extent yielded 1,015 pounds, or at the rate of 1,353 pounds per 
acre. In 1908 it was deemed justifiable to undertake the experiment 
on a larger basis. Plat No. 1, comprising 10 acres of ground, yielded 
13,969 pounds, an average of 1,396.9 pounds per acre. Plat No. 2, 
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Fic. 10.—Ground-floor plan of a paprika curimg barn. 
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a 5-acre tract in which the seed was planted directly in the field, 
yielded 4,800 pounds, an average of 960 pounds per acre. Plat No. 3, 
occupying 3 acres, showed a very poor stand, the plants growing in 
the seed bed being transplanted to the field in June. As a result of 
late transplanting a large proportion of the plants succumbed. A 
yield of only 1,504 pounds was obtained, averaging 501 pounds of 
dried pods to the acre. The total yield of the whole year’s planting 
of 18 acres was 20,273 pounds of dry pods, an average of about 1,126 
pounds per acre. This land would have produced under ordinary 
circumstances about 
1 bale of cotton per 

acre. 

FINANCIAL RETURNS. 

After a small quan- 
tity needed for lab- 
oratory work at 
Washington had 
been taken out, the 
peppers grown in 

these experiments 
were put on the mar- 
ket. Samples were 
taken by one or the 
other of the writers 
‘to the chief dealers 
in dried peppers and 
placed in direct com- (Ae 

v G o Cl yr py pay oes } 

petition with red PS PIS Eos 
peppers imported Fic. 11.—Plan of floor of a paprika curing barn, show- 

' r ing on the right side the arrangement of the timber 

whole © ground for supports and on the left the crates in position. 

use in the American 

market. At first, largely on account of the novelty of the article, 
buyers were somewhat slow to purchase. Others were in the habit 
of buying peppers already powdered and did not care to buy pods. 
The first two crops were picked with the stems attached to the 
pods in imitation of the imported article. When it was found that 
the presence of the stems was an objectionable feature, the peppers 
were picked without stems, eliminating one factory process for the 
purchaser. This was found to help the sale of the pods, and although 
the weight of the crop was somewhat reduced it was deemed best to 
meet the manufacturers’ wishes. A noticeable increase in the cost of 
picking was also charged to this innovation, but it appears probable 
that the attempt to satisfy the buyer in this particular was a most 
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helpful move. An additional difficulty in introducing the American- 
grown pepper was found in the uncertainty as to the future of the 
industry. Dealers felt disinclined to give up old commercial relations 
for new ones which might not yield the desired quantities year after 
year. This difficulty was met only by continuing to offer the peppers 
in increasing quantity until at the present time the home-grown prod- 
uct is finding an increasingly ready sale in the chief American 
markets. 

The prices obtained for South Carolina paprika pods showed 
relatively little variation during the period covered by the experi- 
ment, but a slight tendency toward improvement was noted, due in 
part, perhaps, to the better quality of goods produced as the experi- 
ment progressed and in part to the general market conditions in the 
paprika trade. 

Table IV gives a summarized statement of the chief financial fea- 
tures developed by the experiment. 

TABLE IV.—Financial summary of the experiment in growing paprika. 

Average Average AVeraEe Average Average 
Year. yield price zB ne cost profit 

per acre. | per pound. per acre per acre. | per acre. 

Generallaverage:. 2. .ss-sacceceecees 1,092 9.3 102. 23 31.97 70. 26 

A review of the items of income and expense, in large part not 
given here, shows that for the period covered the paprika experiment 
gave a profit each year, but varied widely according to the weather 
and other conditions which might affect the success of the operation. 
Under the most unfavorable conditions experienced, the profits com- 
pared well with the standard crops of the vicinity, being about $35 
per acre. Under more favorable conditions the outcome was more 
satisfactory, the balance remaining after the expenses of growing the 
crop were met rising as high as $93 per acre. 

It must be borne in mind that various items properly chargeable 
against the income were not so charged. Among items excluded are 

the interest on the investment, the deterioration of machinery, and 
the salary of the Government expert who supervised the work. 

Throughout the experiment itemized expense accounts were kept, 
but since it is believed that the distribution of the expenses in 1908, 
when the largest area was handled, is fairly representative of what 
the paprika grower is likely to experience, data were compiled from 
the results of that year and grouped according to the type of process 
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involved, thus showing the percentage of the total expenditure de- 
manded for these different features of the problem. The results are 

given in Table V. 

TABLE V.—Distribution of expenditures required in producing the paprika crop. 

Percentage Item of expense. involved 

iBrBpanimMeraAnG: SoWwsN ete SCCM DEM a <. i.ia)2 ets =ialei eis = = afole ie = elsialele eels ee ioe ole is oie sees esse cie 
Erepanineyand Cultivating lamas 242 )\s 2. Sep ace mole cicietei= meen el<eeveteieinre ole ee sisarejie staiste see esleye ne 
Transplanting plants to field and resetting to stand............-.-.--.------------2---------- 
INSHMMIMCIS. coos decacsanccodsoeonear sos oss ocoscedEgeDsesqcuasecdyeouECEoENsncaaoSdeosanyaaenee 
PNG) eras HOS (OS) oy eyes Hb Sos ope cou saaoee doc seb Sneoos coe oSaesonerae arcane se nereen ee SSSeeeease 
Handling peppers, care of fires during curing, etc......-..-..-.-----.------------------------ 
[Bite Moa KG Pie NWO OG) e-toysetare 5 sas iaretnle = = etc vie te tel eter ora ofa letataters eines sniere W]e srelcineelalbiemter-ocleja/s/meeeice 
Grading, sacking, handling, etc., including the price of sacks...........-.------------------- 
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The cost of picking was calculated on the weight of the fresh pods 
picked by each individual. These pods were carefully weighed at 
the end of the picking, and the price paid was 20 cents per hundred 
pounds. This system of payment had the advantage of securing the 

picker’s best efforts and was familiar to him through his experience in 
picking cotton. 

The fuel item is likely to vary according to the supply available 
and the convenience of securing it. The other items will also show 
some departures from those here given, since practice, and therefore 
expense, will vary from year to year in the same place and between 
places differently situated. The labor item is a very important factor, 
absorbing probably half of the total expense, while of the items for 
materials the fertilizer bill is by far the most prominent. 

OUTLOOK FOR THE FUTURE. 
) 

The outlook for the future of paprika cuiture in the United States 
should be considered with reference to the possibility of its profitable 
extension. It is not yet clear to what extent the spice manufacturer 
or dealer will be able or willing to replace the paprika now imported 
with the American-grown article. It is possible, and indeed probable, 
that the home-grown article will fail to meet the taste of many 
paprika users, but it is likely, on the other hand, in time to make a 
place for itself with others. Assuming that the American article 
could command the market now supplied by imported Hungarian 
paprika, and assuming also that the rough estimate of the annual 
importation of this article is approximately correct at 500,000 pounds, 
with an average production of 1,000 pounds of dried paprika pods 
per acre, an area of 500 acres of paprika would supply the demand. 

Tt is probable, however, that owing to the marked pungency of the 
powdered pepper made by grinding the whole pod and the very 
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handsome color of the product, a considerable use of these pods under 
the label of “red pepper ” is likely to add largely to the sale of this 
product in the spice market. Time alone can tell to what extent. 
American pepper may eventually be used. This uncertainty, taken 
in connection with the very evident fact that the market can be 
easily oversupphed if considerable areas of paprika are planted, 
indicates that the growing of paprika of the type here described can 
be easily overdone. 
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THE BLIGHTS OF CONIFEROUS NURSERY STOCK. 

By CARL HARTLEY, 

Assistant Pathologist, Office of Investigations in Forest Pathology. 

INTRODUCTION. 

There has been a good deal of complaint from forest and orna- 
mental nurseries in various parts of the country of injury to conifers 

by blight. All cases in which trees in the nursery turn brown and 
die, in whole or in part, without any very definite symptom to indi- 
cate what caused death are classed as blight. 

The damping-off diseases and those caused by the rust fungi, de- 
tailed descriptions of which may be found in a bulletin by Spaulding, 

are not included under the name “ blight.” Damping-off attacks only 
very young seedlings, doing most of its damage during the first three 
weeks after germination. It is caused by several parasitic fungi 
which attack the soft tissues of the tender seedlings and rot them, 
often entirely destroying great numbers of plants in a few days. 
Unfortunately one of these fungi sometimes continues to kill seed- 
lings for a time after they have become older and tougher, so that 
they look more as if they had been killed by a blight than by 
damping-off. 

Because of the difficulty in finding a natural dividing line be- 
tween the damping-off diseases and the blights, it has become neces- 
sary to draw an arbitrary line between them. All parasitic death of 
seedlings less than 2 months old will be classed as damping-off. The 
reason for this classification will be presented under the heading 

“ Root-rots.” The present paper will consider as blights only diseases 
of stock more than 2 months old. Since the rust fungi are not com- 
mon in our nurseries and make their presence known before the 

death of the plant by swellings of the stems and by the breaking out. 
of orange-colored spore pustules, there should be no difficulty in dis- 

1 Spaulding, Perley. The blister rust of white pine. U.S. Department of Agriculture, 

Bureau of Plant Industry, Bulletin 206, 88 p., 2 pl., 5 fig., 1911. 
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tinguishing between blights on the one hand and damping-off and 
rusts on the other. 

Losses caused by blight are very considerable, nurseries not infre- 
quently losing practically their entire stock of one or more species of 
conifers by blight attacks. In many of these cases both the cause of 
the attack and methods of preventing or stopping it have been en- 
tirely unknown. No systematic investigation of these blight attacks 
had been undertaken in this country. In studying the problem the 
writer since 1909 has visited 31 nurseries which raise conifers and 
has corresponded with many others. Many different types of blight 
have been found to exist. By his own observation and experimental 
work and by bringing together the information obtained from prac- 
tical nurserymen and from the European literature on nursery dis- 
eases, the writer has succeeded in distinguishing quite clearly be- 
tween the most important types of blight and drawing conclusions as 
to the best preventive measures. In the following pages the causes, 
distinguishing characters, and preventive measures for all of the 
types of blight met with are given as fully as the present condition 
of our knowledge will permit. 

PHYSIOLOGICAL TROUBLES. 

SUN SCORCH. 

Sun scorch is the commonest and most serious trouble in most of 
the nurseries. By sun scorch is meant the death of entire seedlings 
or transplants or parts of them, due to lack of balance between the 
water absorption by the roots and water loss from the needles during 
the growing season. Stated in a somewhat simpler way, sun scorch 
is drought injury which occurs in the growing season. The term 
“ sun scorch ” has been used by Stone? and others for a similar trouble 
of conifers in New England forests. Its work in second-year seed 
beds on sandy soil has been described by Hartig.? It will be con- 
sidered in detail, because in many cases it resembles other diseases so 
closely as to go unrecognized. For example, sun scorch for several 
years caused heavy losses in both seedlings and transplants at the 
Forest Service nursery at Halsey, Nebr., where most of the writer’s 
work on this disease has been done. In a single case the records indi- 
cated a loss of 70 per cent of all the 2-year-old seedlings of jack 
pine (Pinus divaricata (Ait.) Gordon) and Scotch pine (P. sylves- 
tris L.). The damage looked so little like drought that for some 
time it was supposed to be due to parasitic fungi, and Bordeaux 
mixture was employed to control it. Losses from this disease have 

1Stone, G. BE. Sun scorch of the pine. Massachusetts Agricultural Experiment Sta- 

tion, 22d Annual Report, pt. 2 [1909], p. 65-69, 1910. 

2 Hartig, Robert. Lehrbuch der Baumkrankheiten. Aufl. 2, Berlin, 1889, p. 104. 
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occurred at nurseries in Colorado, Minnesota, Pennsylvania, and 
New York without being recognized by the nurserymen. 

HOW SUN SCORCH WORKS. 

In serious cases of sun scorch, seedlings of all ages are killed out- 
right. In less serious cases part of the plant is killed. Either the tips 
or the lower needles may be first affected. If the tips are injured, 
stem and bud may be killed as well as the needles, so that growth 
can be resumed only by lateral buds below the point of injury. In 

slight attacks only the needles, and often only the tips of the needles, 
are killed. When the lower needles are the only ones attacked, 
despite the fact that they are well protected from sun and wind in 
dense stands, it must be assumed that the younger needles at the 
tips, subjected to much more light and wind, have survived at the 
expense of the lower ones by taking more than their share of the 
available water. Affected needles first turn slightly yellowish, lose 
their green until they have become a pale straw color, and then grad- 
ually turn deeper brown until they become nearly red. In summer 
most dead needles fall within a month. 

In crowded seed beds, especially on very sandy soil, attacks may 
take place very suddenly in hot, dry weather, and patches of seed- 
lings up to a foot in diameter may be entirely killed. It is these 
definite, clean-killed patches which have most often caused the disease 
to be called parasitic. Such even death can be explained on a drought 
basis only by assuming that in such cases the root systems of all the 
seedlings involved have been equally extended in normal competition 
for water, just as the tops often grow to an exactly even height in 
competition for light, so that all the seedlings in the patch are on 
terms of equality when the competition becomes critical. When part 
of the seedlings in a crowded bed are badly suppressed the smaller 
seedlings are in some cases, when transpiration is rapid, even less 
subject to sun scorch than the larger. Since the suppressed seedlings 
presumably have less extensive root systems, their endurance in such 
cases must be explained by the fact that they are also less subject to 
water loss because of the protection afforded by the tops of the larger 
plants around them. When the beds are not crowded and the 
weather does not favor extremely rapid water loss, death does not 
occur so suddenly or in such definite patches. 

In the cases of transplants a certain number die soon after they are 
set out and before root growth starts. This has been called “ trans- 
planting loss” and is not included under the term “sun scorch.” 
“Sun scorch ” is used in transplants for death due to excessive water 
loss after the plants have become partly established and commenced 
growth. The work of sun scorch in transplant beds at Halsey differs 
from that in seed beds in that the trouble in the transplants does not 
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occur in such distinct patches; and if any part of a transplant is 
affected, either an entire branch or the entire plant dies at once. 
A feature of sun scorch in nurseries, as well as in the older trees 

described by Stone,! is that the absorbing portions of roots die at the 
same time as the tops or even before. This indicates that the leaf 
and stem tissues can stand water loss better than the vegetative 
tissues of the roots. Especially in the case of transplants the cam- 
bium of the entire root system, or at least of the outlying portions 
of it, has been found to be dead and brown. By the time the needles 
show the first signs of yellowing, a large part of the root cambium is 
already gone. This especially early death of a large proportion of 
the root systems of the scorched transplants is probably due to the 
fact that a tree in the transplant bed has a smaller root system im 
proportion to its transpiring surface than a second-year seedling 

would have. When only a part of the needles on a plant are killed 
it appears that the damage to the root is more extensive than to the 

tops. This is indicated by the fact that a plant which has lost part 
of its needles in an attack of this disease is more likely to succumb 
to later attacks of the same-nature. Evidently the reduction in 

transpiring surface caused by the first attack is more than counter- 
balanced by the reduction in absorbing surface. 

During several sun-scorch attacks at Halsey, and at two or three 
other times when the weather was hot and dry but no actual sun 
scorch had occurred, a peculiar type of injury appeared on young, 
growing shoots of second-year pine seedlings. White, shrunken, 
watery-looking patches appeared on the green stems rather suddenly, 

followed by the death of the plant beyond the point attacked. A 
very similar “ white-spot” injury, occurring near the bases of the 

stems of seedlings less than a month old at the Halsey nursery, arid 
which has often been confused with damping-off, can be controlled 
by shading and watering. While a parasite may be in some way 
concerned in causing the trouble in both ages of stock, there is little 
doubt that drought and possibly also excessive light or heat working 
independently are mainly responsible. This white-spot injury to 
second-year seedlings is included under sun scorch because it often 
occurs simultaneously and can be prevented by the measures which 

prevent scorch. It is not important. 

EVIDENCE AS TO CAUSE OF SUN SCORCH. 

The conclusion that the disease is due to disproportionate water 
loss is based on the following facts: 

(1) Spraying with fungicides has failed to control the trouble. 
While spraying experiments have not been exhaustive, Bordeaux 

‘Stone, G. E. Sun scorch of the pine. Massachusetts Agricultural Experiment Sta- 

tion, 22d Annual Report, pt. 2 [1909], p. 65-69, 1910. 
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mixture, ammoniacal copper carbonate, and copper acetate were 

tested repeatedly during several seasons. Unfortunately for the 

experiments, little trouble with the disease occurred at the times 
when the fungicides were used. In four cases, however, the disease 
attacked parts of the nursery containing experimental plats which 
had been more or less recently sprayed with copper mixtures con- 
taining soap. In these cases there was no evidence that the fungi- 
cides afforded any protection. This lessens the likelihood that needle 
parasites are concerned in causing the disease. 

(2) On sandy soil the attacks which most closely imitate parasitic 
injury by killing definite patches occur suddenly and often simul- 
taneously in many parts of the nursery. Serious damage may appear 
through thousands of square feet of seed beds inside of 48 hours 
from the time the first evidence occurs. This renders it unlikely 
that root parasites play any important part in causing the disease. 

(3) The most typical attacks of the disease observed at Halsey 
occurred on days when wind and temperature were high and humidity 
low and following nights which had been unusually warm and with- 
out dew—conditions which favor excessive transpiration. This em- 
phasizes the relation of transpiration to the disease. 

(4) In general, the most trouble occurs during dry seasons. The 
larger commercial nurseries in Minnesota and Iowa report that the 
most serious trouble they have had was during the very unusually 
dry summer of 1910. 

(5) Partial shade greatly decreases loss and entirely prevents 
trouble except in very severe attacks or during persistent drought. 
Shade was tested in five different attacks at Halsey in 1908, 1909, and 
1910, and in all cases controlled or greatly lessened the losses, as 
indicated by the results in adjacent shaded and unshaded plats. 

(6) Crowding strongly predisposes to the trouble. In the beds at 
Halsey the seedlings at the margins which have sent their roots out 
into the unoccupied paths are practically never attacked, though in 
some cases the entire interiors of beds have been killed. This im- 
munity of the edges of the beds is more marked on sandy soils than 
on heavier ones. 

(7) Attacks of the disease regularly occur when the soil is very 
dry. Very sandy soils, which are more quickly reduced to a low 
water content, are the commonest locations for the disease. In two 
different attacks at Halsey direct comparisons were made of soil 
moisture in diseased and relatively healthy areas, taking samples 
between the depths of 7 and 11 inches, where the greatest mass of 
absorbing roots lay. In one case the samples from the four points 
tested in the healthy area showed an average water content 32 per 
cent higher than that of the two points taken in the blighted stand 
adjacent. At the time of the other attack four samples were taken 
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from the blighted area and two from the healthy, and determination 
showed 30 per cent more water in the samples from the healthy area. 
Altogether, samples taken at 10 different points in diseased stands 
during three different attacks gave an average moisture content of 3.4 
per cent for the soil from 2 to 11 inches in depth. The average wilting 
coefficient of the soil at this nursery, determined from samples taken 
from the same depths at nine different points located in the same 
parts of the nursery as the moisture determinations above referred 
to, was 3.6 per cent, as determined by the indirect method of Briggs 
and Shantz from moisture-equivalent determinations made by the 
Laboratory of Biophysical Investigations. While the soil-moisture 
determinations made were too few to establish the relation of dry 
soil to the disease, they are to be viewed as contributory evidence. 

(8) High points in beds and the centers of arched beds from which 

the water runs off or which are missed in flood irrigation are espe- 
cially liable to damage from the disease. 

(9) Species which normally inhabit moist soil suffer most. Nor- 
way spruce (Picea excelsa Link) and Douglas fir (Pseudotsuga taxi- 
folia (Poir.) Britt.) seem to suffer oftener than the pines. Western 
yellow pine (Pinus ponderosa Lawson) grown from Rocky Mountain 
seed is more resistant at Halsey than other pines. 

(10) Sufficiently frequent and heavy watering will entirely pre- 
vent the disease. In three different attacks at Halsey evidence of 
the preventive effect of watering was obtained. The main practical 
fact is that for two seasons the nurserymen at Halsey and at Monu- 
ment, Colo., have practically controlled the disease by increasing the 
frequency of watering. At these nurseries during the three preced- 
ing seasons the disease had caused considerable loss. At both these 
nurseries the disease had been considered parasitic. 

It is not thought that death is usually due to the entire lack of 
available soil moisture. It is rather probable that it usually occurs 
when there is still a certain amount of available water left in some 
part of the soil reached by the root system, but so small in quantity 
that it can not be taken up by the roots fast enough to supply the 
demands of the rapid transpiration loss from the needles. This does 
not necessarily mean slowness of imbibition; it may simply mean 
that the capillary water movement from outlying soil particles to the 
particles adjoining the root surface is too slow when the soil is nearly 
dry. That this is the case is indicated by the fact that after an at- 
tack of sun scorch has started as the result of one or two days of 
rapid transpiration, when the soil is quite dry, the disease may stop 
spreading on the advent of cooler weather without the addition of 
any water to the soil from above. 

Some interesting occurrences at Halsey in connection with this 
trouble. which at first appeared to contradict the relation of the dis- 



BLIGHTS OF CONIFEROUS NURSERY STOCK. _ tl 

ease to water loss, may be mentioned. Losses have frequently been 
more serious in the nursery transplant beds than in the trees planted 
out in the sand hills, where there is little humus and no wind pro- 
tection and where no artificial watering is done. This was advanced 
as an argument against drought as a cause of the trouble. The fal- 
lacies in this argument are that the trees used in the hills had been 
previously once transplanted, so that they were stronger and better 
rooted stock, and that in the hill plantations there was not so much 
competition as in the transplant beds, where the close stands of trees 

exhaust soil moisture very rapidly. 
Another argument against drought as a cause of the disease was the 

fact that in certain cases the blight appeared at Halsey when the soil 
2 or 3 inches down seemed quite moist. However, further examina- 
tion and quantitative determinations of moisture content showed that 
at such times the soil around the mass of absorbing roots is drier 
than the soil near the surface. The dense stands of seedlings appar- 
ently exhaust the soil moisture at the lower levels more rapidly than 
evaporation takes the water nearer the surface. 
A further argument advanced against the drought theory is the 

fact that at Halsey trouble often occurs within a very few days after 
fairly heavy rains. This happens, however, only in very drying 
weather and in beds where the stand is dense. Under such conditions 
the moisture is drawn from the sandy soil very rapidly, so that in all 

such cases the soil around the roots is found to be very dry despite 
relatively recent rains. 

One case of sun scorch occurred at Halsey in 1910 which was quite 
difficult to explain, although the evidence presented by adjacent plats, 
some of which had been shaded and some especially watered, left 
little doubt as to its relation to drought. On July 25 and 26 a period 
of hot weather culminated in temperatures of 100° and 96° F., respec- 

tively. At about 7 a. m. July 27, 0.28 inch of rain fell. The sky 
cleared immediately after, the temperature rose to 102°, and the air 
became dry. July 28 was cool and cloudy. On that morning a large 
number of the smallest grade of 2-year-old jack-pine transplants had 
begun to turn yellow, and in 24 hours about one-third of all the 
stock of this class showed injury. Trees continued to turn yellow 
and die in decreasing numbers during three or four days of cool, 
partly cloudy weather following till the loss reached fully 50 per 
cent. The 0.28 inch rain of the 27th appeared to penetrate to the 
roots through the rather coarse soil. The best explanation seems to 
be that the roots were injured by the excessive demand on them dur. 
ing July 25 and 26, before the rain fell, or on July 27, before the rain 
had time to get down to the root level. The failure of the tops to 
show injury till some time after the roots are hurt is always more 
marked in transplants than in seedlings. There seems to be no rea- 
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son to think that the high temperature of July 27 injured the trees 
directly. While 102° F. is unusually high, the temperature has gone 
to 107° at this nursery without injury to the pines. 

The death of the roots, especially characteristic of sun scorch in 
transplants, has led to the belief in some quarters that root parasites 
were the immediate cause of the disease. The evidence obtained con- 
tradicts this view. The most that can be said is that in many places 
some of the common soil fungi may act as facultative parasites, kill- 
ing weakened portions of root systems and so making the plants some- 
what less able to withstand drought injury. Even this has not been 
demonstrated, and from the nature of the case it is practically im- 
possible to demonstrate it. An attempt was made to secure evidence 
on this point by carefully washing the roots of healthy 1-year-old 
jack-pine seedlings and planting part in autoclaved soil and part in 
untreated soil. All the soil used came from part of a bed at the 
Halsey nursery which had been affected with sun scorch. After the 
plants had had a few weeks to become established all the pots were 
allowed to dry out. Death occurred in a manner fairly character- 
istic of sun scorch, coming at practically the same time in both steri- 
lized and unsterilized pots. Microscopic examination indicated about 
the same fungi in the dead roots in both sterilized and unsterilized 
soil. The results were entirely negative. Because of the impossi- 
bility of securing a growth of stock large enough to exhibit typical 
blight symptoms and of keeping any of it free enough from common 
soil organisms to use as controls for inoculation tests, there is little 
chance of learning anything definite as to what part fungi may play 
in causing sun scorch. 

Taken as a whole, the evidence is believed sufficient to establish a 

lack of balance between water absorption and water loss as the chief, 
if not the only, cause of the disease. While there have at times been 
occurrences rather difficult to explain, 13 different attacks of the 
disease have been seen at Halsey, and in all of them evidence has 
been obtained of the relation of the trouble to drying weather, shade, 
crowding, or soil moisture, and in most cases to two or more of these 
factors. The Halsey nursery has been under fairly continuous ob- 
servation by the writer during the summers of 1909, 1910, 1911, and 

1912, and it can be said quite positively that all the serious losses 
which occurred in established stock over 1 year old during the 
growing seasons in this period could have been averted by maintain- 
ing sufficient soil moisture and mostly averted by shading. While 
the conditions are in many ways different from those at other nurser- 
ies, the evidence here obtained has been checked up by observations 
made at many other nurseries from the Rocky Mountains to the 
Atlantic coast. While some of the other diseases listed in this paper 
undoubtedly are concerned in the spring and summer losses at many 
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of the nurseries, the writer is confident that the largest proportion of 
the damage to pine, spruce, and fir nursery stock during the growing 
season can be classed as sun scorch. 

HOW TO RECOGNIZE SUN SCORCH. 

The best way to tell whether or not an attack of blight is due to 
sun scorch is to note the relation between the occurrence of the dis- 
ease and crowding, shading, drying weather, sandiness of soil, lack of 
soil moisture, and drought resistance of different species, as described 
in the foregoing paragraphs. The only characteristic of value shown 
by individual diseased plants is the simultaneous death of needles and 
root tissue. When the character of the trouble is still in doubt, final 
determination must rest with the nurseryman. The best method of 
doing this is to lay out small plats in the beds at different points in 
the nursery, giving some of them special shade and others regular, 
heavy watering. If at the next attack of blight these treated plats 
come out much better than the other beds near them, he can know 
that the trouble is sun scorch and treat it accordingly. 

PREVENTIVE MEASURES. 

The best and only absolutely certain way to prevent sun scorch is 
to water the nursery beds. When stock over two months old is 
watered it should be watered heavily. The great trouble with arti- 
ficial watering is that it is usually not done thoroughly. Most of 
the water appled in sprinkling with the hose, as it is often done, 
evaporates from the surface without reaching the roots at all, so that 
even frequent sprinkling is of little value. At Halsey very crowded 
beds must be heavily watered oftener than once a week in the most 
drying weather to prevent all injury from sun scorch. With one ex- 

ception there is no other nursery known to the writer where so much 
watering is necessary. The density of the stand and the character 
of the soil and climate must determine the amount of watering needed 
to prevent trouble. In some nurseries on rather heavy soil no pre- 
ventive is necessary except in most exceptional drought vears. 

Objection has been made to much watering, on the ground that 
it can be expected to make stock less hardy and less able to sur- 
vive transplanting. Observation of the work of the disease has sug- 
gested that the other extreme may also decrease hardiness. If the 
trees are allowed to become too dry, many which are not killed en- 
tirely and which may show little or no damage above ground appear 
to have enough of their root systems killed to decrease their chance 
for survival. 

At the nursery at Halsey, Nebr., the beds are flooded with water 
obtained by a lift of a few feet from « river. At Monument, Colo., 

13745°—Bull. 44132 
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the beds are watered by large portable sprinklers fed from a moun- 
tain reservoir. Even with such excellent equipment much watering 
is expensive. Most of the commercial nurseries have very crade 
watering facilities and many of them none at all. At many nurseries 
putting in a watering system simply to prevent sun scorch would not 

pay. Indirect methods of controlling the disease are therefore of 
interest. 
Shade frames of 2-inch slats, half an inch thick and spaced 2 inches 

apart, have proved a cheap and quite effective method of controlling 
the trouble at Halsey, though they do not prevent all loss. This slat 
shade was tested on July 26, 1910, at noon and at 4.20 p. m., with a 
photometer using “printing-out ” paper. An average of eight deter- 
minations indicated that the shaded beds received 42 per cent of the 

amount of light received by unshaded beds at the same times of day. 
While this proportion must vary with the angle of the sun’s rays, the 
average figure obtained is considered fairly representative for the 

period of most rapid transpiration. Therefore, the term “ half shade,” 
regularly used for this type of shade, while the best available, is not 
entirely accurate. When frames are only a foot above the ground, the 
slats should be placed north and south in order that all parts of the 
bed may get a reasonably uniform amount of shade. Shade put on 
after the attack has gone far enough to become noticeable can not pre- 
vent all injury, but may decrease it. In the cases of the successful use 
of shade seen by the writer the shades had been put on several weeks 
before the attack took place. Brush supported by rough frames 6 
feet high is much used over all ages of seedlings by western commer- 

cial nurserymen and probably explains much of their relative free- 
dom from sun scorch. Shade presumably keeps the beds from get- 
ting as dry as they otherwise would and at the same time enables the 
plants to live in drier soil than they otherwise could, by reducing the 
rate of transpiration loss from the needles. In growing stock for 
western forest planting, where it is difficult to secure survival, there 
appears the theoretical objection that shade in the nursery beds will 
make the stock more tender and harder to transplant successfully. 
Bates and Pierce? state that the half shade used at Halsey when kept 
over second-year seed beds has resulted in greater loss in the -trans- 
plant beds the following year. They suggest gradually reducing the 
amount of shade on second-year seed beds. In the case of transplant 
beds it may be best to use the method tested in 1910 by Mr. C. R. 
3echtle, formerly of the Forest Service. He erected rough temporary 

shade frames over the beds immediately after transplanting and 
removed them some weeks later when the trees had become partly 

1 Bates, C. G., and Pierce, R. G. Forestation of the sand hills of Nebraska and Kansas, 

U. S. Department of Agriculture, Forest Service, Bulletin 121, p. 32, 1913. 
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established. This method tends to protect the transplants during the 
period when they have the least absorbing root surface and exposes 
them to the sun during the larger part of the growing period, so 
that by the end of the season the trees should be thoroughly hard- 
ened and ready to stand field planting. Shade will always be a 
useful adjunct in preventing sun scorch, though the extent to which 
it should be used will vary greatly with different nurseries. 

Crowding should be avoided in order to avoid sun scorch. What 
constitutes crowding varies greatly at different. nurseries and with 
different species. At Halsey a second-year seed bed containing 75 
Scotch pine per square foot is crowded. At Monument 150 Douglas 
fir per square foot do not crowd each other seriously at the same age. 
Transplants should be given much more room than seedlings. The 
older commercial nurseries often practice thinning in their older seed 
beds and generally give their transplants a great deal of space. Be- 
cause of the extra cost of weeding and cultivating large areas and the 
limited space at some nurseries, it 1s sometimes probably cheaper to 
crowd stock in a small space and prevent scorch by increased shade 
or watering. 

Extremely sandy soils should be avoided, and any-deficiency in 

humus should be counteracted by manure and soiling crops, so as to 
increase the water-holding power of the soil. Nurseries on very sandy 
soils in the Northeastern States appear to have more trouble from 
sun scorch than western nurseries, which have drier climate but 

somewhat heavier soil. Windbreaks and surface cultivation are also 
undoubtedly helpful in preventing sun scorch. 

WINTERKILLING. 

Winterkilling is generally understood to mean death as a result 
of drying when the soil and roots are so frozen that the amount of 
water given ‘off from the leaves can not be replaced to a sufficient ex- 
tent by absorption from the soil. In this way its cause is funda- 
mentally the same as that of sun scorch, the difference being that it 
occurs while the soil is frozen. Alternate freezing and thawing is 
considered important in bringing about damage. This may be due 
simply to the increased loss of water from the needles during warm 
periods which do not last long enough to thaw out the soil materially. 
In the West, the warm winds knowa as “ chinooks” produce such 
sudden very warm periods in the midst of the coldest weather that 
not only small plants but even the largest forest trees are sometimes 
killed. 

1+ Hedgecock, G. G. Notes on some diseases of trees in our national forests. III. Phy- 

topathology, v. 3, No. 2, p. 112-113, 1913. 

Hartley, Carl. Notes on winterkilling of forest trees. Forest Club Annual [Uni- 

versity of Nebraska], v. 4, p. 41-46, 1912. 
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The formation of ice crystals in the younger tissues at the close 
of the thaws may also be concerned in causing injury. Trees affected 
by winterkilling in the nursery look much like trees affected with sun 
scorch. Winterkilling can be distinguished from other types of 
blight by paying attention to attendant circumstances. The most 
damage may be looked for during the hardest winters or winters with 
little snow. It is likely to be worst where the beds are least pro- 
tected by windbreaks or a mulch and in the least resistant species. 

Winterkilling and sun scorch work differently in that winterkilling 
is worst in open stands, while with sun scorch the case is reversed. 
This may be explained not only on the ground that the closely sown 

trees protect each other from drying winds, but also, as pointed out 
by Forest Supervisor Elers Koch, act as a mulch, protecting the soil 
from deep freezing. 

The ordinary measures for preventing winterkilling are to pro- 
tect the nursery beds as thoroughly as possible by windbreaks and 
to mulch the beds with straw. Mulching must be done cautiously. 
It is likely, especially if heavy or close, to result in mulch injury and 
do more. harm than good. Mulch injury is entirely different from 
winterkilling and will be considered later in this paper. 

Heaving is also distinct from ordinary winterkilling. The roots 
of nursery stock in heavy soil are sometimes lifted partly or entirely 
out of the ground by the action of alternate freezing and thawing. 
Both plants and surface soil are raised by the expansion of the soil 
in freezing. In thawing, the soil settles back gradually around the 
roots, which are left higher than they were previously. The process 
is entirely mechanical. Like winterkilling, heaving can be prevented 
by mulch. 

FROST INJURY. 

Frost injury differs from winterkilling in that it is due to the 
formation of ice crystals in unripened tissue, while winterkilling is 
probably due mainly to drying out, as above described. In addition 
to injury to unripened tissue above ground by early frosts, it is 
possible that early freezing of the soil injures by killing roots which 
have not yet stopped growth. According to Hartig,’ trees with in- 
jured roots are likely to start growth the following spring before 
showing any effects and then turn brown rather suddenly. Very late 
spring seed sowing and encouraging the growth of stock toward 
the end of the season should be avoided, in order to get the tissues 
properly ripened up and able to endure freezing. Covering beds with 
a mulch before the first heavy freeze should prevent injury, though 
very early mulching must be avoided. 

1 Hartig, Robert. Text-book of the Diseases of Trees. Translated by William Somer- 

ville, revised and edited by H. M. Ward. London, 1894, p. 289. 
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Death from late frosts in the spring is rather frequent. Jack pine, 
because of its tendency to start growth very early in the spring, fre- 
quently loses its terminal buds and young shoots as the result of 
severe frosts after growth has begun, although these young, tender 
shoots are capable of standing a temperature considerably below 
freezing without injury. Douglas fir nursery stock in the West also 
seems to be quite susceptible to such injury. The use of some form 
of shade to delay very early growth, placing beds of susceptible 

species on high ground, and possibly the use of smudges, heaters, or 
a temporary straw or burlap mulch on nights when frost is feared, 
are methods which might be suggested for preventing spring frost 
injury. 

EBERMAYER’S BLIGHT. 

In Germany, Ebermayer* states that death in pine nurseries re- 
sults from sudden warm weather in early spring when the soil is so 
cold that the roots are unable to absorb water normally and make 
good the transpiration loss. The process which he described differs 

from sun scorch in that it occurs oftenest on heavy soil and when the. 
soil contains excessive moisture. It differs from winterkilling in that 
it occurs after the soil thaws. He states that the best method of pre- 
vention is to decrease the transpiration loss by means of shade in the 
early spring. This blight does not occur commonly in the United 
States. 

DISEASES DUE TO PARASITIC FUNGI. 

NEEDLE-CAST. 

Lophodermium pinastri (Schrad.) Chev. causes the shedding or 
“cast” of pine needles in German nurseries and plantations. The 
disease is not known to occur in American nurseries, whatever may 
be the case as to the presence of a fungus, but it is nearly certain to 
make trouble in the future in moist localities. A brief account of 
the disease, compiled from various statements of the great number 
of European writers on the subject, will therefore be given. 

The disease has been known in Germany for more than a century 
under the name of “schiitte.” The causal relation of the parasite 
was first reported in 1852,? but was not established till some years 
later. When the parasitism of the fungus was established some 
writers apparently accepted it as the only cause of blight, while 
others, notably Ebermayer, who regarded physical factors as the com- 

_1BHbermayer, Ernst. Dic Physikalischen Hinwirkungen des Waldes auf Luft und 

Boden. Bd. 1, Berlin, 1873, p. 251-261. 

Zur Schuttekrankheit der Kiefer. Allgemeine Forst- und Jagd-Zeitung, Jahrg. 77, p. 

309-314, 1901. 

*Goppert, H. R. [Hysterium pinastri als Ursache der Schiitte.] Verhandlungen, 

Schlesischer Forst-Verein, 1852, p. 67. 
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monest or only cause of blight, criticised the parasitic theory of the 
disease. The fungus now seems to be generally accepted as the 
commonest cause of the blight of pines in German nurseries, though 
it 1s recognized that other factors may also cause blight. Because 
of the confusion arising from the controversy mentioned, the term 
“ schiitte ” has often been made to cover indiscriminately all forms of 
blight. It seems to the writer that the best policy will be to restrict 
the English equivalent term, “‘ needle-cast,” to the damage done by 
Lophodermium pinastri. 

In Germany infection is said to take place between the end of July 
and the middle of September. The first reddening of isolated needles 
occurs in late September. In a very late fall the needles may turn 
brown and mature Lophodermium fruits appear before winter. Or- 
dinarily the disease works very slowly during the fall and winter 
and rapidly in March and April. By May, in severe attacks, 

scarcely a green needle remains. Even with practically all the 
needles killed, the weakened plants are frequently able to resume 
growth at the terminal bud, though diseased trees are less able to sur- 
vive transplanting than those not attacked. In some cases the para- 
site in the infected needles is said to enter the stem and kill it also. 

The juvenile needles formed during the first year persist for a long 
time after death, while needles of the mature sheathed form are shed 
soon after death as a result of the formation of a cork separation 
layer. It is this early shedding of diseased needles which gives rise 
to the name of the disease. Spermatia are first formed on the fallen 
needles. By the end of July mature ascospores appear, capable of 
infecting healthy needles and thus completing the life cycle of the 
parasite. It is not certain that in this country the life history of the 
fungus would be the same as has been described for Germany. Some 
of the confusion concerning etiology that has increased the difficulty 

of separating needle-cast aaa other troubles can be traced to the fact 
that Ebermayer’s blight, as well as death of roots from early fall 
freezing, may presumably cause the rapid death of the plants in early 
spring. , 

In needle-cast and related needle diseases the following characters 
may be expected: 

(1) The first indication of disease in the iestlaes will be the ap- 
pearance of light brownish green spots. These will not be as likely 
as most of the physiological “diteaaee to attack the tips of the needles 
first. 

(2) Ordinarily the needles on any one part of the plant will not all 
die at the same time. 

1 }iaack. Der Schiittepilz der Kiefer. Zeitschrift fiir Forst- und Jagdwesen, Jahrg. 43, 

Heft 4, p. 329-357, pl. 4; Heft 5, p. 402-423; Heft 6, p. 481-505, 1 fig., 1911. 
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(3) Even when all of the needles die at nearly the same time, there 
will not be the simultaneous death of the roots which occurs in sun 
scorch. 

(4) There will not be the same relation of the disease to dry 
weather and dry sandy soil as in sun scorch. 

(5) Beds which have been protected by fungicidal sprays will not 
be so likely to be attacked as others. 

In Germany needle-cast is said by Stumpff* and others to be con- 
trolled by spraying’ with Bordeaux mixture in July and August. 
There is no guaranty that the same measures will be effective in this 
country. If the disease makes serious trouble in any American nur- 
series, spraying at different times of the year should be tested, using 
the 44-50 or 6-4-50 Bordeaux mixture containing 2 or 3 pounds of 

soap per barrel. 
Ebermayer has attacked the evidence supporting the parasitic 

origin of needle-cast, saying, among other things, that Bordeaux 
mixture may protect not by preventing the entrance of fungi so much 

as by decreasing transpiration. The writer’s experience with the 
44-50 soap-Bofdeaux mixture may be of interest in this connection. 
A heavy application a short time before the occurrence of an attack 
of sun scorch in seed beds of Pinus divaricata at the Halsey nur- 
sery had not the slightest effect in decreasing the loss from sun 
scorch, as shown by a comparison of parallel sprayed and unsprayed 
beds. The shade afforded by a “ half-shade” slat frame in one of 
these beds at this time gave absolute protection against the disease. 

This indicates that the effect of Bordeaux mixture in reducing trans- 
piration at critical times is negligible. 

PESTALOZZIA NEEDLE BLIGHT. 

Pestalozzia funerea Desm. is very common in dead coniferous nee- 
dles in the United States. Tubeuf? considers it the probable cause 
of a twig-blight of cypress trees. In the United States, Spaulding * 
induced needle disease on seedlings of Pinus ponderosa one month 

old by spraying with spores from a pure culture of this fungus. A 
test by the writer on 1-year-old white pine (Pinus strobus L.) under 
moist-chamber conditions, using cultures from jack and Rocky Moun- 
tain yellow pines, was without result. A further test on 1-year-old 
stock by Dr. Spaulding also gave negative results. Attempts were 
made by the writer to infect green shoots on cld trees of arbor vite 
(Thuja occidentalis L.), some of which had been injured by punc- 

1Stumpff. Die Sehiitte und ihre” Bekimpfung. Zeitschrift fiir Forst- und Jagdwesen, 

Jabrg. 32, Heft 11, p. 675-687, 1900. 
2 Tubeuf, Karl von. Diseases of Plants Induced by Cryptogamic Parasites. English 

edition by W. G. Smith. London, New York, and Bombay, 1897, p. 493-499. 

® Spaulding, Perley. A blight disease of young conifers. Science, n. s., v. 26, No. 659, 

p. 220-221, 1907. 
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turing, or heating, or both. Viable spores from pure cultures re- 
cently isolated from arbor vite were used. No results were ob- 
tained. While the fungus is presumably parasitic in nurseries under 
some conditions, the amount of damage it has caused is unknown. 
Spraying with fungicides before infection takes place should pre- 
vent damage by it. 

OTHER NEEDLE DISEASES. 

Various fungi which have been very little studied in this country 
cause needle diseases in American forests. Though none have yet 
been reported as causing disease in our nurseries, there can be little 
doubt that some of them have made, or at least will soon make, trouble 
in nurseries in this country. Much of the comparative freedom from 
needle diseases of American nurseries, even those in the more moist 
regions, has probably been due to the fact that most of our nurseries 
are not in forests. So far as needle diseases are concerned, it will be 
best to avoid forests of the same species as will be grown in the 
nursery in choosing sites for new nurseries. Of the fungi mentioned 
in the literature on needle diseases, which is mainly European, the 

following species will especially bear watching: Lophodermium 
macrosporum R. Hrtg. on spruces, Lophodermium nervisequium 
D. C. on firs, Lophodermium laricinum Duby on larches, and Lopho- 

dermium brachysporum Rostr. on white pine. Lophodermium. 
brachysporum has been reported by Spaulding’ as parasitic on 
needles of young white pines in Maine. Other species of this genus 
and species of Hypoderma and Sphaerella are also likely to prove 
more or less parasitic. It is probable that there are parasitic strains 
of needle fungi in foreign countries which if brought into this coun- 
try will damage our nursery stock more than any of the fungi we 
now have. No practicable quarantine or inspection system will be 
able to keep out these diseases entirely. Nurserymen should avoid 
bringing in foreign pests by using home-grown stock as far as pos- 
sible. So far as is now known seed may safely be imported, but 
bringing in growing stock should -be discouraged. 

The Atlantic seaboard and portions of the extreme western and 
northwestern sections of the country, where the climate is especially 
moist during parts of the year, are the most likely to suffer from 
needle diseases. In the Middle West, where atmospheric conditions 

are relatively dry, past experience indicates little trouble with needle 
parasites in unmulched beds. It is presumable that other needle para- 
sites, like the one causing needle-cast, will be found to be preventable 
by spraying before infection takes place: 

1 Spaulding, Perley. The present status of the white-pine blights. U. 8S. Department 

of Agriculture, Bureau of Plant Industry, Circular 35, p. 10, 1909. 
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ROOT-ROTS. 

Many soil-inhabiting fungi grow on dead roots of both seedlings 
and transplants. There undoubtedly are soil fungi which can kill 
living roots when conditions are favorable. A species of Fusarium * 
is said to have caused loss by killing pine roots in a Vermont nursery. 
Mycelial growth on roots, such as is there described, has been fre- 
quently observed by the writer, though in only part of the cases was 
it associated with any apparent injury to the plants. 

Rhizoctonia sp. (probably Corticitum vagum B. and C.), which 
causes damping-off of very young seedlings, sometimes continues to 
work in patches till the seedlings are 2 months old or even more. 
On sandy soil, when seedlings from 5 to 9 weeks old are killed, the 
youngest and deepest parts of the roots are usually first attacked. 
At Halsey roots of Rocky Mountain yellow-pine seedlings about 7 
weeks old have been attacked at points as much as 11 inches below 
the ground surface. In many seedlings as old as this the older parts 
of the roots resist the entrance of the fungus which has rotted the 
younger parts and throw out new root branches, so that recovery 

takes place without any evidence of the damage being shown by the 

plant above ground. While we ordinarily consider damping-off as 
the death of very young, succulent seedlings, the killing of seedlings 
from 5 weeks to 2 months old by Rhizoctonia is merely a continuation 
of the earlier and more typical damping-off and to a certain extent 1s 
influenced by the treatments which control the early damping-off. 
For practical purposes, therefore, only the relatively small number 
of cases of root-rot which occur after the plants are 2 months old 
are considered as blight; root-rot of stock less than 2 months old is 

classed as damping-off. 
Root-rot of stock more than 2 months old does not appear to have 

become a serious source of loss in this country. Until more is 
learned concerning it nothing of value can be said as to characteristic 
symptoms or control measures. 

UNCLASSIFIED DISEASES. 

STEM GIRDLE. 

In Wisconsin, Oregon, Colorado, and New Mexico the stems of 2 

and 3 year old conifers in nurseries have been found constricted or 
girdled in a peculiar manner just above the ground line, and some- 
times abnormally large just above the point of girdling. The bark 

at the point of constriction is dead and often loose. The trees may 
continue in apparently good health for some time after the girdling. 

Gifford, C. M. The damping off of coniferous seedlings. Vermont Agricultural Ex- 

periment Station, Bulletin 157, p. 149-151, 1911. 
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but at length gradually become yellow and die. Scotch pine, Rocky 
Mountain yellow pine, white fir (Abées concolor (Gord.) Parry), 
Douglas fir, and Norway spruce have been found affected, the latter 
most seriously. A very similar trouble is known in Germany under 
the name “ Kinschniirungskrankheit.” It is figured by Tubeuf.t 
Various coniferous and broad-leaved species are affected, beech, fir, 

and spruce being most prominently mentioned. In Germany Pesta- 
lozzia hartigii Tub. is found on the constrictions and is considered to 
be the cause of the disease. The causal relation has not been proved 

by inoculation, despite extensive experiments by Fischer.? Of the 
few cases of disease observed by the writer the fungus has been found 
fruiting on the lesions in a single case on Rocky Mountain yellow 
pine from New Mexico. In this case the bark had been dead so long 

that it had become loose. While the stem girdle in this country may 

be due to Pestalozzia hartigii, proof is lacking. 
The important practical facts are that the disease does not often 

do serious damage, and that the only method of combating it which 
can be suggested is to destroy all diseased material. All girdled 
trees with bark killed entirely around the stem are certain to die 
and should be pulled out and burned at once without waiting for 
them to turn yellow. 

MULCH INJURY. 

In nurseries where beds are covered with a mulch during the winter 
to prevent heaving or winterkilling, heavy losses sometimes occur 
while the mulch is on the beds or just after it is taken off. While 

mulch injury usually occurs during the winter it is an entirely differ- 
ent thing from the winterkilling in unmulched beds. The general 
experience of nurserymen has been that the disease was worst where 

the mulch was heaviest, or where it was composed of fine material 
which packed down into a close covering. While the injury is the 
result of the use of mulch, the immediate cause of death is unknown. 
While physical factors may be entirely responsible, it is quite likely 
that death is due to some needle parasite whose work is favored by the 
conditions which prevail in mulched beds. What is very likely the 
same trouble occurs occasionally under a ight mulch, or even under 
no mulch at all, when there is heavy or very late snow. 

In two cases the writer has had opportunity to examine injured 
white-pine and Douglas-fir seedlings shortly after the mulch was re- 
moved. In both bases the roots were still healthy despite the death 
of the needles and in many plants of the upper parts of the stems. 

2 Tubeuf, Karl yon. Diseases of Plants Induced by Cryptogamic Parasites. English 
edition by W. G. Smith. London, New York, and Bombay, 1897, p. 492. 

* Wischer, C. E. C. Note on the biology of Pestaloezia hartigii, Tubeuf. Journal of 

Economic Biology, v. 4, No. 3, p. 72-77, pl. 7, 1909. 
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This survival of the root after the death of the top distinctly sep- 
_arates this trouble from those of the root-rot and sun-scorch types. 
The experience of a number of nurserymen shows that the disease 
can nearly always be prevented by using only loose, ight material 
to mulch with and mulching no more than is absolutely necessary. 
Spraying with Bordeaux mixture just before the mulch is put on 1s 
worth a test at any nursery where mulch injury is frequent. 

RED-CEDAR BLIGHT. 

In western nurseries where red cedars (Juniperus virginiana L. 
and J. scopulorum Sarg.) are grown for ornamental planting there 
is a great deal of trouble with a blight of unknown origin. A num- 
ber of nurseries have nearly or entirely stopped trying to grow cedar 
on this account. The disease is described as sometimes working sud- 
denly over a considerable area of seedlings and transplants. Since 
attacks are said to occur when adjacent pines are perfectly healthy 
it is not likely that sun scorch is responsible. In large transplants 
all the needles on specific twigs and branches die at once, indicating 
a parasitic twig blight. In the cases observed by the writer there was 
no evidence of any constriction of the twigs such as Tubeuf? has 
figured for Pestalozzia funerea twig-blight on Chamaecyparis men- 
2vest. 

So little is known concerning the trouble that no recommendations 
for its control can be made. It is suggested that the nurserymen who 
have the most trouble with the disease conduct experiments separately 
with watering, moderately heavy shading, and frequent spraying 
with soap-Bordeaux mixture on numerous small-scale experimental 
plats scattered through their beds. One of these methods should 

_prevent or partly prevent the disease. A comparison of attacks on 
treated and untreated plats should give information both as to the 
nature of the disease and the best control method. 

MECHANICAL ROOT INJURY. 

It often happens that trees which die in the nursery can be pulled 
up very easily. Examination shows that the root has been either 
broken or eaten off 1 to 3 inches below the surface of the soil. This 
presumably is done by grubs. This type of loss is mentioned merely 
to keep it from being confused with any of the types of blight 
described in this paper. 

CONCLUSION. 

A number of different blights concerning which little has been 
known do considerable damage to conifers in nurseries in the United 
States. The increasing amount of forest planting and the danger 

1Tubeuf, Karl von. Loc. cit. 



20 BULLETIN 44, U. S. DEPARTMENT OF AGRICULTURE. 

that imported stock will bring in serious tree diseases make it espe- 
cially important that methods of controlling these blights be found, 
in order to encourage the growing of planting stock in this country. 
The writer has not only experimentally determined the cause and 
distinguishing features, but also the control methods for sun scorch, 
the most serious of these blights, and by following his recommenda- 
tions the disease has been controlled in nurseries where it had 
before done serious damage. Distinguishing characters and pre- 
ventive measures for the two other commonest blight types, winter- 
killing and mulch injury, have also been determined. An account 
of what the writer has been able to learn from his own work and the 
experience of others with the other types of blight is also given. 
Distinguishing characters and control methods have not been found 
for all of the types. 

It is seldom that a case of nursery blight can be diagnosed merely 
by examining a few specimens of diseased trees. It is hoped to carry 
this investigation so far that each nurseryman will be able to identify 
for himself, by general observations, all of the types of blight which 
attack his nursery beds and to take the necessary steps for preventing 
further losses. 
The writer wishes to acknowledge his indebtedness to Mr. W. H. 

Mast and Mr. R. G. Pierce for their cooperation in the work at the 
Halsey nursery, to Dr. H. L. Shantz for helpful advice, and to Dr. 
Perley Spaulding, under whose general direction the work was con- 
ducted, for advice and the use of his specimens and unpublished 
data. 

SUMMARY. 

The following are the types of blight most likely to cause losses 
of coniferous nursery stock in the United States: 

(1) Sun scorch—This is the commonest summer trouble. The 
roots die before or at the same time as the tops. Death is caused 
by excessive water loss. It usually occurs when the air is hot and 
dry and the soil around the roots is dry. The disease is worst on 
sandy soils, in crowded beds, and on raised parts of beds. On 
sandy soils it may kill suddenly and in definite patches. Successful 
preventive measures tested by the writer are watering, shading, and 
avoidance of crowding. In nurseries located on mineral soils the 
humus content should be increased. 

(2) Winterhkilling—tThe tops of the plants dry out when the soil 
is frozen so that the plants can not take up water. The preventive 
measures most used consist of a light straw mulch on the beds and 
windbreaks. 

(3) Mulch injury—The tops die in winter as a result of being 
mulched. This happens while the mulch is still on, or occasionally 
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just after it is removed. The roots do not die till some time after 
the tops. The immediate cause of death is unknown. The disease 
may be prevented by avoiding heavy, close mulches. Spraying with 
soap-Bordeaux mixture just before the beds are mulched in the fall 
may also be of value. 

(4) Needle diseases—There are a number of needle-destroying 
fungi, some of which are certain sooner or later to cause damage in 
the nurseries in the more moist parts of the United States. They 
have so far done little damage in our nurseries and have been little 
studied. Spraying with Bordeaux mixture at the proper time will 
presumably prevent damage from any of them. The proper times for 
spraying are not yet known. The importation of European stock 
should be discouraged, in order to avoid bringing in parasites which 
have not yet reached this country. 

(5) Red-cedar blight—A great deal of blight occurs in red-cedar 
seedlings and transplants. The cause and methods of prevention 
are unknown. Shading, watering, and frequent spraying should be 
tested. 

O 
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EXPERIMENTS IN THE USE OF SHEEP IN THE ERADICATION 
OF THE ROCKY MOUNTAIN SPOTTED FEVER TICK. 

By H. P. Woop, 

Bureau of Entomology. 

PLAN OF EXPERIMENTS. 

In order to test the destructive power of sheep against the spotted 
fever tick and to ascertain what importance sheep might play in the 
practical eradication of the tick, some experiments were performed 
by the Bureau of Entomology in the Bitter Root Valley in Montana 
in June and July, 1913. This work followed the announcement to 
the Montana State Board of Entomology, by Dr. L. D. Fricks of the 
Public Health Service, of observations on the death of ticks on sheep 
which have been published in the Public Health Reports of August 

8, 1913. 
Two experiments were performed, one with 20 sheep and the other 

with 2 sheep. The first experiment, with 20 sheep, which included 
1 ram, 11 other adult sheep, and 8 lambs, was performed in country 
known to be well infested with ticks. The country over which the 
sheep ranged is adjacent to the foothills and is well supplied with 
bushes of various sorts, a growth of small pines, a few fairly large 
trees, and several streams of water. There was an abundance of 
grass along the streams, but under the pines next to the foothills 
there was little grass. In the ravine between two hills there was 

a thick growth of brush. It is next to the foothills, where brush 
abounds, that the ticks were found most abundantly. Very few 
ticks were observed along the streams and where the grass was grow- 
ing in abundance. 

Previous to the time the sheep were driven onto a school section 
which was used as an experimental pasture, they had been ranging 
away from the foothills and were probably quite free of ticks. No 
ticks were seen on cattle and horses running in the range from which 
the sheep were taken during the whole tick season, and the animals 
were under close observation by the owner. It is fair, then, to sup- 
pose that there could have been few, if any, ticks on the sheep at the 
time they were driven into “ ticky ” country. 

13747°—13 
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In the evening of June 8 the sheep were driven onto the school 
section into a small corral previously prepared for them. On the 
morning of June 4, and thereafter until the evening of June 14, the 
sheep were herded twice a day for about two hours at each feeding. 

For the remainder of the time they were kept in the corral. About 
three-fourths of the time the sheep were herded, they were allowed 
to run at will, and the other one-fourth they were driven and made 
to feed in places known to be well infested with ticks. During all 
this time the development of the ticks was watched on some of the 

sheep, and when it was found that some of the ticks were nearly 
engorged the sheep were driven to the camp laboratory, about a mile 

from the sheep corral. At the camp the sheep were examined, usu- 
ally twice a day, so that the development of the attached ticks might 
be followed, and any females that were engorged, or nearly so, were 
removed. Here the sheep were allowed their freedom the greater 
part of the day, but at night were confined in a shed. It is probable 
that they picked up a tick or two about camp, but probably only a 
very few. 
Two thorough examinations were made of each sheep, to locate the 

living ticks and to remove the dead ones. The first examination be- 
gan on June 10 and was finished on June 15; the second was started 
on June 23 and ended on June 27. Besides these examinations 
numerous less thorough examinations were made, any dead ticks 
found being removed and the living ones noted. 

Near the completion of this experiment two sheep were selected 
from the adult sheep with heavy wool, and after thorough examina- 
tions were utilized in another experiment. Ticks were collected by 
dragging cloths over the ground and placed on these sheep. They 
were first put on one sheep June 20 and on the other June 25. Until 
June 28 these sheep were allowed to run with the others, but after 
that time the other sheep were driven back to the owner and the 
two were taken out to feed. They were examined twice a day. 

OBSERVATIONS AND RESULTS. 

In order to show as exactly as possible the results obtained, the 20 
sheep have been divided into three groups, namely, unsheared lambs. 
unsheared sheep, and sheared sheep. In the first group were 8 
spring lambs, Nos. 2-9, inclusive; in the second group were 7 adult 
sheep with heavy wool, Nos. 10-16, inclusive, and in the third group 
were the ram and 4 sheared adult sheep, Nos. 1 and 17-20, inclusive. 

The results have been summarized in Table I. The heading, “ total 
dead unfed ticks” includes all males and females which were thought 
to have been killed before having fed to any extent. It may also 
include, besides males which had not fed to any extent, males which 
had fed considerably, for it is usually impossible to distinguish fed 
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males from unfed males when they are dead. The headings under 
“location of dead ticks on host’s body” are self-explanatory. The 
ticks taken from the head were usually in the wool on the top of the 
head. The same statement also applies to the neck. The heading, 
“total ticks found attached at first examination,” is also self-explana- 
tory. Only a few ticks were on the sheep at this examination. It 
is likely that there were only a few ticks which had attached them- 
selves and become detached before this examination, except those 
which were found dead in the wool. The headings under “ location 
of living attached ticks” need some explanation. The “ other place ” 
referred to in the case of No. 1 was near the base of the right fore leg, 
and in the case of No. 7 the tick was attached on the breast. Ticks 
attached on the head were in all cases found attached in the wool. 
No preference was shown by the ticks on sheep with heavy wool for 
places where the wool was short. They attached both in short wool 
and in long wool which was somewhat open. On the ram the ticks 
attached in a bunch in the cavity where the horn ordinarily is located 
(this ram was hornless). 

All the ticks attached on sheared sheep, except one, were in front of 
the ears where the wool was thin; the exception was in the case of 
one tick which was attached on the shoulders. 
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On the lambs, ticks were found attached in several different places: 
Some were in front of the ears, some in the wool on top of the neck, 
others in the wool on the top and sides of the shoulders, and one was 
attached, as stated before, on the chest. In no case were the ticks on 
lambs found attached on the hind quarters or beneath the body. 

The ticks referred to as crawling were no doubt those males and 
females which had recently gotten on the sheep, or perhaps they were 
males seeking females. Besides the females referred to in Table I as 
“engorged one-half or more,” there were some other females which 
had fed slightly but had never become as much as one-half engorged. 
This division at one-half engorged is made because females less than 
about that size seldom lay eggs. Should ticks less than one-half full 
get rubbed off, it is extremely doubtful if they would ever deposit 
eggs. Just how many ticks were rubbed off or killed before complete 
engorgement it is impossible to say, but a few cases of this kind were 
observed. In all cases in which females are referred to “ with males 
beneath,” such pairs were in the correct position to effect fertilization. 
The “engorged females recovered from. sheep,” except one, were 
picked from the host when they had reached full or nearly full 
engorgement. 

Tt seems probable that the dead unfed ticks found in the wool were 
for the most: part killed by the lanolin, although the heat of the wool 
may have been a factor. It was found in a number of cases that ticks 
died after attaching. This factor was indicated by a reddish spot on 
the skin near the place where the tick was found dead. The ticks, 
however, were usually found loose in the wool. Both living (at- 
tached) and dead ticks were found at times in the same fold. 

To show the location of the ticks recovered and the relation between 
shearing and the development of the ticks, certain data in Table I 
have been rearranged in Tables IT and III. 

TABLE II.—Location of ticks recovered from sheep. 

Dead. Alive. 

TEU NG NS A elie sel oe ees eR a PE a ea eg a EP SSE ete 31 45 
Ge StS SB Gey S SAIS NOS ate SG SS Re aah a Oe cat 28 29 

WD)? TOBIAS Be lessens egeye Say 5 Cae ea oa eet Ey SNP oc aR RE ey eo 30 15 
TOES, wom case ae SEER Hes Nets st cae Sieaen El aelre  NCSIA IR <i MP De ai ly een 23 0 

MUSSGTR CR Tey T 2k LT ae a) eee eg PE a Na ae EE RI 3 23 

1 On the shoulder. 2 Two on leg. 

TABLE III.—Relation between shearing and attachment of ticks. 

Dead | Engorged 
females. | females. 

BAM DS MOSH CATO meer as ceo r ys a SRE einlarelaroies= ste PEO oi oin cicia.s Mee Malate Sos es 9 15 
Heepano Lisheareds:aey sees eee e SES Ny ene he RRR ee do OCEAN a Uk 54 2 
Sheepisheared:(ncladineyram) 23232 c20 eos oe ee eee ee 6 
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The data appertaining to sheep numbered 3, 8, and 11 have been 
omitted from the tables because these individuals were dipped on 
June 13. 

Special observations were made on sheep No. 10. On June 20, 
9 females and 3 males, collected by dragging, were scattered on the 
back, neck, and head of this sheep. Most of the ticks went beneath 
the wool immediately near where they were dropped. On the fore- 
noon of June 21 a male and a female were found dead in the wool, 
the female on the head and the male on the side. A female, nearly 
dead, was also found in the wool on top of the head. The live ticks 
attached were a male and a female on top of the head at a place 
where the wool was very short. Six males and 12 females, collected 
by dragging, were now scattered on the head, neck, and back. In 
addition 1 female (one-twelfth engorged) which was picked from 
a saddle horse was placed on the back of the sheep at the edge 
of a spot where the wool had been worn short. In the afternoon 
3 males were found dead in the wool on the back. These had never 
attached. The one-twelfth engorged female was found dead and 
shriveled about 8 inches from where it was placed, in heavy wool. 
Eight males and 5 females, collected by dragging, were scattered on 
back, neck, and head. On the morning of June 22, 3 males and 1 
female were found dead in the wool. Two males were taken on the 
shoulder and the other 2 ticks were taken from the head. None had 
attached. The live ticks found attached at this time were 4 females 
and 3 males, between the folds of heavy wool. Two of the dead ticks 
that were removed were taken from a fold where 2 females and 1 
male had attached. The attached. ticks were scattered as follows: 
2 females and 1 male in a fold near each other; 1 male and 1 female 
near each other in another place; and 1 male and 1 female, each alone, 
at still other places. All were iv long wool. <A male, barely alive, was 
crawling at the edge of the short wool spot mentioned before. On 
the forenoon of June 23, 2 females and 1 male previously found at- 
tached were dead. These ticks were still attached when found. Two 
dead males and 3 dead females were also found. These had never 
attached. They were picked, 2 from the back, 2 from the head, and 
1 from the neck. One of those on the back was a tick spoken of 
before as barely alive. At this time 1 female was found slightly en- 
gorged. A male was seen to be attached on the neck. A female loose 
in the wool appeared entangled. In the afternoon of this day 4 
females and 1 male, collected by dragging, were put on the head, 

neck, and back of the sheep, as was also a male which had fed. All 
ticks went quickly under the surface of the wool. On the morning 
of June 24 the female that appeared entangled in the wool was dead. 
Three males and a female were picked from the wool, dead. These 
had never attached. Two females and 1 male were attached. The 
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2 females were ticks put on the day before. The male was attached 
before. Two females, 1 on the head and 1 on the back, were barely 
alive. On June 25, 2 dead females were picked from the wool on 
the head. They had never attached. One dead female was picked 
from the wool on the back. This tick was spoken of as barely alive. 
There were 3 females attached in long wool, 1 of which was en- 
gorged a little. 

The following notes show the progress of the experiment: 

June 27, a. m.: The 3 females are engorging to some extent. A male is un- 

der the largest of the three. 

June 28: One of females on the head, which had begun to engorge, is now 

dead. This female was probably killed by the host. There are 3 females at- 

tached and feeding on the head. The largest is one-twentieth engorged. 

June 29, a. m.: One dead male was taken from the neck and a dead female 

from the shoulder. The female had been attached. The one-twentieth engorged 

female is now missing. 

June 30, a. m.: Two males and 2 females are attached on the head. Both 

females are feeding. 

June 30, m.: One female, collected by dragging, was put on head. 

July 1, a. m.: One female was picked from shoulder, which had never at- 

tached. The 2 males and 2 females are still attached as before. One female, 

collected by dragging, was put on the head. This female attached near one of 

the other females. 

July 2: The female put on yesterday is attached as well as the other females. 

Two females are now one-twelfth engorged. The two males are attached as 

before. 

July 3, a. m.: Three females and 2 males are now attached.. The female put 

on sheep July 1 has moved one-half inch from its former place. Two females 

are about one-tenth engorged. 

July 3, p. m.: One of the females that had become one-tenth full is now miss- 

ing. The other is one-seventh engorged. Only 1 male was noticed attached. 

July 5, a. m.: The female that was spoken of as one-seventh full is now full 

or nearly so and has a male beneath. This is the first time that a male has been 

seen near this female. The engorged female was picked. 

July 6: One dead unfed female was picked from back. One male and 1 

female are now attached. 

July 7, a. m.: The male that was seen under the engorged female is now dead. 

It is crushed as though by the host. The female put on July 1 is now one- 

fifteenth engorged. 

July 7, p. m.: A thorough examination was made at this time. Two dead 

females (unfed) and a dead male were picked from the back and sides of the 

sheep. The attached female is one-twelfth full. 

July 8: The attached female is about one-sixth full. No males are near. 

July 9: The attached female is about one-fifth full. No males are near. 

July 10: The attached female is about one-fourth full. No males are near. 

July 11: The attached female is about one-fourth full. No males are near. 

July 12: The female is not attached, but is loose in the wool near its former 

place of attachment. It has begun to shrivel. 

July 13: The female is dead in the wool at same place. It is shriveled and 

discolored, 
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The following notes record the observations on sheep No. 11: 
June 23. The sheep thoroughly examined and no ticks found. 

June 25, a m.: Four males and 11 females, collected by dragging, were put 

on the head, neck, and shoulders of the sheep. A male and a female of the 

foregoing were put in a fold close to the skin. The ticks put on the surface 

were out of sight in a few minutes. 

June 25, p. m.: A dead male and a dead female were picked from the wool. 

The male had his head near the skin but had apparently never attached. Two 

females and one male were alive loose in the wool. The female that was placed 

in wool next to the skin is attached. The male is not where it was placed. 

June 26, a. m.: A male and a female were picked from the head, both dead. 

These ticks had been attached. Tbe female that attached in the fold where it 

was put is no longer there. No ticks are now attached. 

June 27: Two females, collected by dragging, were put on the base of the 

sheep’s ear; also 1 female (one-fourth engorged), picked from saddle horse, 

was put on the sheep’s back. One dead unfed female was picked from the side. 

The tick had never attached. 

June 28, p. m.: Two partly fed males were put on the head of the sheep. 

One of the 2 females put on the ear was found dead at the base of the ear. 

It had never attached. One female was loose on the head, crawling. The one- 

fourth engorged female was still alive, but has not attached. 

June 29: Two males and an unfed female found dead in woo! on the head. 

The partly fed female is now dead. 

June 30, a. m.: One dead male was picked from wool on the head. 

July 1: One female about one-twelfth engorged was picked from a saddle 

horse and placed in wool on the sheep’s head next to the skin. 

July 2: The partly engorged female is now dead. 

July 9: No ticks were found after a thorough examination. 

Table IV gives a summary of the experiments with sheep Nos. 10 
and 11. 

TABLE [V.—Summary of experiments with individual sheep. 

Sheep No. 10. Sheep No. 11. 

Details. 
Male Female Male Female. 
ticks. ticks. ticks. ticks. 

_ 

CoOrrocoon DANO NRW 

Total number ticks put on sheep..-..-.....-----------s0ss0. --- 
Total dead unfed ticks which never attached.......--.----.---- 
Total ticks which attached but died quickly........-..-..-..-- 
Total ticks which fed some but died or were Killed before attain- 
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Partly engorged females which died quickly when put on sheep. . 
Motal dead tiCKS TECOVELOW.\> sesctee eels cinim s+ ~ <teyn ieletelsi= © Siete ict 
Dead unfed ticks: 

Brom head)... 05-26. c see emebies cliefas ce see eee 
lniiiiG d Cee eA Saag peace nacre -cspeecdesodas jcisnoe see 
Bronvpack. js - 866 od ogee = ae os abe = Score eer “epee see 
Front sidO@is. Jeetece ae face olen = = sre ia ete eter tan = 

Total ticks known to have attached..............---.-....------ 
Total female seen with males beneath............-...-.-------- 
Total engorged females recovered..........-----.-----+---+----- 

- ed 

more 

= w 

aoe Cm 

COorOomNnw Nor oooooocw 

It is a fact generally recognized that animals in confinement will 
fight ticks more than animals running free. This fact will probably 
account for the small number of ticks which were successful in en- 
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gorging. The last female on sheep No. 10 would probably have 
become engorged had it been fertilized, for fertilized females engorge 
rapidly, whereas with infertile females engorgement is slow. 

THE APPLICATION OF THE INFORMATION OBTAINED TO PRACTICAL 
ERADICATION. 

The main point to be considered in the last experiment is the fact 
that of 33 females put on sheep No. 10, only 1 fed sufficiently to lay 
eggs. There were in all, however, 6 females which stood a fair 
chance of engorging, so that it is difficult to say what percentage of 
females that get on a sheep in nature will engorge to repletion. If 
we assume that 6 females would have fed to repletion in nature, we 
find that 5.5 per cent of those females which got on the sheep became 
engorged. In the experiment with 2 sheep, at the end of 6 days these 
animals had picked up at least 19 females, of which 13 females at- 
tached. At the same rate in 30 days sheep No. 10 would have had at- 
tached 80 females and would have picked up 94 females. If we take 
5.5 per cent of 94 we have 5.17 females which would engorge to reple- 
tion ina month. We would have to assume this many to be:'the maxi- 
mum for the sheep with heavy wool in the experiment. The mini- 
mum would be 0, since there were 2 sheep which had ng females at- 
tached at the examination. It would be impossible to strike an aver- 
age, but let us assume that each sheep would breed, on an average, 2 
ticks per month. We would then have, for a herd of 1,000 sheep, 
2,000 ticks per month during the tick season. Each female means 
about 4,000 larve. This would make 8,000,000 larvee, which is a 

rather large number, though-it is of course impossible to estimate 
what percentage of these would ever reach maturity. It might, how- 
ever, be possible to eliminate the sheep which are likely to breed the 
majority of the ticks. Could this be done, it would be possible to 
use sheep in the destruction of ticks without dipping them. Until 
that fact is demonstrated, however, it would seem necessary to dip 
sheep along with other live stock in case they were allowed to run in 
“ticky ” country. Even ifit were not necessary to dip sheep with heavy 
wool, it would certainly be necessary to dip lambs or sheared sheep. 
A mere glance at the table will show that lambs or sheared sheep will 
breed a considerable number of ticks and kill but few. The only pos- 
sibility, therefore, of employing sheep in the work of tick eradication 
would be the using of wethers of other sheep with heavy wool. It 
does not appear practicable to attempt to use wethers alone, under 
any circumstances, as a means of ridding the Bitter Root Valley of 
spotted fever ticks. Nevertheless it would appear to be possible to 
use sheep as one means of reducing the numbers of the ticks, although 
in this connection several considerations must be mentioned. 
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There would be some very serious objections to using sheep ex- 
clusively in the destruction of ticks, even though they should be found 
to lall practically all the ticks which get on them. In the first place, 
it would be. necessary to eliminate all live stock except this on which 
the ticks could be destroyed at weekly intervals by dipping or other- 
wise. Secondly, it is impracticable to stock heavily a given area with 
sheep and attempt to carry the usual number of other live stock on 
the same pastures. It would thus be necessary to reduce greatly the 
number of live stock other than sheep in order to graze a sufficient 
number of sheep to have any appreciable value as collectors of ticks. 
Moreover, it would be necessary to cut down all vegetation higher 
than a sheep’s back, for there are many ticks that await a host higher 
than 2 feet from the ground. It would also be necessary to drive the 
sheep where the ticks were known to be located, for the sheep nat- 
urally go where the, feed is best. In the locality where the experi- 
ment with 20 sheep was carried on it was found that there were few 
ticks where the feed was abundant, but many next to the foothills 
and in the ravines where the feed was scarce. The character of the 
country on the western side of the valley in many places is also such 
that it would not admit of herding sheep. Should sheep run con- 
tinuously in the wooded and brushy country on the western side of 
the valley they would wear off the wool, which would make them 
increasingly more susceptible to tick attack and less profitable to the 
owners. 

The tendency of the tick to attach in bunches would indicate that 
in case ticks obtained a start on any animal they would breed on that 
animal with increasing facility; for it would be more easy, as the fe- 
males enlarged, for the males to find them. Since most of the en- 

gorged females picked from the sheep in the experiment had males 
beneath them, and all of the females which were removed when well 
engorged deposited eggs which hatched normally, there appears to be 
little likelihood that there would be many females to drop which 
would not be fertile. 

The possibility that sheep may serve as a reservoir for the virus of 
spotted fever is a point that should be tested before sheep are used 
at all in the destruction of ticks. ; 

It appears, however, that sheep are very good collectors of ticks. 
Six sheep with heavy wool picked up in 11 days about 72 females 
and 47 males. Although no comparative experiment has been per- 
formed, it is the writer’s opinion that 6 horses or 6 cattle under the 
same conditions would not have picked up and retained nearly that 
number. Therefore in “ticky” country which is favorable to the 
herding of sheep it would be advantageous to use sheep as collectors 

of ticks. By dipping the sheep once in 7 days it would seem that 
much good could be accomplished. To bring about the greatest good 
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it would be necessary to herd the sheep with a knowledge of the loca- 
tion of the ticks. It is extremely doubtful if sheep would be of much 
importance as collectors of ticks if they were allowed to run free. 

The several limitations to the practicability of using sheep in the 
eradication of the spotted fever ticks that have been mentioned em- 
phasize the great importance of following the plan of dipping do- 
mestic animals which is successfully under way. Sheep may be used 
under some conditions in the work, but the main reliance must be 
upon the dipping of horses and cattle. The extent to which sheep 
may be used will depend upon future experiments and observations. 

O 

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1913 
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No. 46 

Contribution from the Bureau of Soils, Milton Whitney, Chief. 

December 15, 1913. 

A DESCRIPTIVE CATALOGUE OF THE SOILS OF VIRGINIA SO 

FAR IDENTIFIED IN THE SOIL SURVEY. 

AREAS SURVEYED.' 

The Bureau of Soils has surveyed 12 widely separated areas in 
Virginia, covering parts or all of 31 counties and aggregating 
4,138,022 acres, or about one-sixth of the State. For purposes of soil 
classification the State has been divided into five soil provinces, the 
areas of which are approximately as follows: 

Per cent.| Acres. 

iedmontpblareau Province ec c -eaee eae ee las eee ince = 9 ee 37 | 9,501, 600 
Appalachian Mountain and Plateau Province..............--.--.----------------- 25 | 6,420,000 
CHpsun! IA Ela Jaron oe Sapa ees ogee oUNe Snes orp odes Soe uUoeerEigabn soe coocoeHaE | 20 | 5,136,000 
Limestone Valley and Upland Province...........--.-.-.------+----+---+---+---+---- 12} 3,081, 600 
Tema oor! BROS IKoyaness Sos co 5 2h cee eb eee Ro pesosaudnotoree sees seebEscoce oes 6 | 1,540,800 

MotallarearOU stale yo eee aa © sects fs) - 1. ea Senne Seer on eo Sse ee |e nia ini errs = 25, 680, 000 

1 HXPLANATION OF TERMS.—FKor purposes of soil classification the United States east 

of the Great Plains region has been divided into seven great soil provinces, based 

upon the mode of origin of the soil material. In the Piedmont Plateau Province the 

soils have been derived directly from the disintegration of the old crystalline and meta- 

morphic rocks in place. In the River Flood Plains Province the soils are composed of 

material, more or less mixed, which has been carried by the rivers, particularly in flood, 

and deposited on more or less well defined terraces. In the Coastal Plains Province the 

material thus carried by the rivers has been subjected to wave and current action of 

the ocean, with considerable separation and segregation of material, based upon the 

size of grain and depth and movement of the ocean water. The Appalachian Mountain 

and Plateau Province is in effect an old coastal plain, when the material, after segrega- 

tion into sand beds and clay beds, with the deposition of lime in places, has subse- 

quently been consolidated into sandstone shale and limestone rocks and greatly elevated 

above present sea level. The present soils are derived from the disintegration of these 

Secondary rocks in place. In the Limestone Valley and Upland Province the soils are 

derived from the solution of the lime carbonate, leaving the impurities of the old lime- 

stone rocks as present soil material. In the Glacial and Loessial Province the soils 

have resulted from the grinding and transportation of rocks and unconsolidated mate- 

rial by ice and from deposits formed by wind and rushing glacial waters. In the Glacial 

Lake and River Terrace Province the soils are derived from glacial material reworked and 

sorted out by wave and current action of the old glacial lakes and rivers, which have 

now largely disappeared. 

The names given to soil types, such as Norfolk sandy loam or Portsmouth sandy loam, 

are usually names of towns in the areas where the types are first encountered and are 

used for purposes of identification and as being more distinctive and easier to remember 

than numbers. They have no further significance. All types having the same name, such 

as the Norfolk sand, Norfolk fine sand, and Norfolk sandy loam, together constitute a 

soil series. 

14272°—Bull. 4613-1 
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DESCRIPTION AND USE OF THE SOILS OF THE PIEDMONT PLATEAU 
PROVINCE. 

Cecil series —The Cecil series includes the most important and 
widely distributed soils of the Piedmont Plateau. The heavier mem- 
bers are known as the “ red-clay lands.” These soils are characterized 
by their red-clay subsoils and gray to red soils, ranging in texture 
from sand to clay, the lighter colors prevailing in the sandy members. 
A characteristic of the subsoil is the content of sharp quartz sand 
and the frequent occurrence of veins of quartz. Mica flakes are also 
usually present.in the subsoil. The soils are of residual origin and 
derived principally from granite and gneiss, weathered to great 

depths, so that rock outcrops are rare. Fragments and bowlders of 
the parent rock are, however, found in places on the surface. The 
topography is rolling to hilly, with level to undulating areas in 

‘ 
Wig. 2.—Relative area of soil provinces. Fie. 3.—Relative area of Piedmont soils. 

APPALACHIAN 

situations where stream erosion has not been too active. The soils 
of the Cecil series are adapted to the general farm crops. 

The sandy loam is best suited to the lightest type of general farm- 
ing, with light teams, tools, and farm buildings. It is an important 
corn soil and is fairly well adapted to wheat, oats, clover, grasses, 
and cowpeas. This type ranks with the Durham sandy loam as one 
of the two most important tobacco soils in the Danville region. It 
is used for bright cigarette and smoking tobacco where the red-clay 
subsoil is 8 inches or more below the surface and for manufacturing 
types of tobacco where it is nearer the surface. It is adapted to 
sweet and Irish potatoes, tomatoes, rye, berries, and garden vegetables, 
but requires considerable organic matter and intelligent rotation of 

crops to attain its best development. The clay is adapted to and can 
only be maintained at its highest efficiency by the heaviest types of 
general farming, with heavy teams and tools and commodious build- 
ings for the storage of bulky and heavy products. This type of farm- 
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ing is represented by intensive dairying, where the cattle are kept 
inclosed most of the time and fed. It is a fine grain soil, but is better 
for red clover, orchard grass, and other hay grasses than for pasture 
grasses. It is also well adapted to cowpeas and to fall and winter 
apples of the general class of the Winesap, and produces a heavy leaf 
tobacco for plug fillers and for the export trade. 

Louisa series —The soils of this series are gray to light gray and 
the subsoils red. The material is derived from talcose and mica- 
ceous schists and imperfectly crystalline slates. The structure is un- 
favorable to the maintenance of good tilth, and the soils have a 
tendency to bake and check on drying. The members of this series 
are less productive than the corresponding types of the Cecil series. 
They can, however, be improved, especially by fall plowing, the 
growing of legumes and winter cover crops, liming, and the incor- 
poration of organic matter. They are best suited to general farm 
crops, such as corn, grain, forage crops, and cotton. 

The loam is best suited to wheat, corn, oats, and tobacco. The 

yields of these crops are much smaller than upon the Cecil soils. - 
The tobacco is a heavy type. Clover catches poorly, but by liming 
and drainage a good stand may be secured. The fine sandy loam 
produces a fine-textured tobacco on the light and deeper phases, 
while the heavier-bodied tobacco is secured from the areas where 
the clay subsoil comes near the surface. Wheat, corn, and hay under 
ordinary conditions give low yields, but these can be improved. 
Clover may be grown on this type. 

Chester series —The Chester series occurs in the northern part of 
the Piedmont Plateau, having been mapped only in Pennsylvania, 
Maryland, and Virginia. The types in this series. differ from those 
of the Cecil series in having yellow or only slightly reddish-yellow 
subsoils and gray or brown: surface soils, the latter being, on the 
whole, lighter and more friable than the Cecil. The members of this 
series are prevailingly more micaceous than the Cecil soils. Locally 
they are known as “ gray lands” to distinguish them from the “red 
lands” of the Cecil series. The topography in general is not so rough 
as over Cecil areas, being rolling to moderately hilly. The soils, 
which are of residual origin, are derived from igneous and metamor- 
phic rocks, principally gneiss, schist, and granite. Weathering has 
not reached to such great depths as in the case of the Cecil series, the 
underlying rock often being encountered within 2 feet of the surface 
on eroded slopes. The soils are adapted to general farm crops, es- 
pecially corn, and also to fruit and canning crops. Of the latter; 
tomatoes and sugar corn are the most important. 

The loam is well suited to corn, oats, wheat, grass, clover, apples, 
and pears. It is one of the best corn soils in the Leesburg section. 
Grass and clover yield well and furnish good grazing during a con- 

ae 



DESCRIPTIVE CATALOGUE OF THE SOILS OF VIRGINIA. 5 

siderable part of the year. In some sections apples and pears, usually 
in small orchards, are grown successfully. Bluegrass makes a last- 
ing pasture and dairying is one of the features of agriculture on 
this type. This soil is well adapted to canning crops, especially 
tomatoes and sweet corn. 

The sandy loam occupies a comparatively small area. It is best 
adapted to corn, vegetables, and small fruits. Good yields of corn 
are secured, and occasionally wheat gives good returns, especially on 
the heavier phase of the type. Grass and clover do fairly well. 

Iredell series—The soils of the Iredell series vary from light- 
brown to almost black in color and frequently carry small iron con- 
cretions. The subsoils consist of extremely plastic, sticky, or waxy 
clay of a yellowish-brown to greenish-yellow color. Disintegrated 
rock is very often encountered within the 3-foot section. The topog- 
raphy varies from nearly flat to gently rolling. The parent rock 
consists mainly of diorite, hornblende schist or hornblende gneiss, 
and chloritic rocks. The intractable subsoil in places lies near the 
surface, making cultivation difficult, but over the deeper areas hav- 
ing a soil lighter than a clay a very fair seed bed can be maintained. 
The soils of this series are best suited to small grains and grass. 
Under certain conditions corn does fairly well. 

The clay loam, owing to the impervious character and close texture 
of its subsoil, is restricted as to its crop adaptation. However, corn 
wheat, and grasses are grown with a fair degree of success. A con- 
siderable part of the type is used for hay and pasturage. The fine 
sandy loam is of very limited extent. It is used principally for 
corn, oats, wheat, and grasses, while the hghter and deeper areas 
are used to some extent for the production of tobacco. The sandy 
loam, the only type so far mapped in the State, is one of the im- 
vortant soils of the Piedmont Plateau. It is admirably adapted 
t. the production of bright tobacco, but is usually too light for the 
p-c ‘table growing of grasses and small grains. It is used advanta- 
geously for the production of corn, sweet potatoes, melons, garden 

veget ibles, and fruits. 
Penn series—The Penn series includes Indian-red soils derived 

from red sandstone and shales of Triassic age. Detached areas of 

these rocks occur in shallow basins in the Piedmont Plateau from 
the vicinity of New York City to South Carolina. In productive- 
ness and crop adaptation the Penn series may be considered as 
intermediate between the Hagerstown and Cecil soils. Corn, wheat, 
oats, potatoes, grass, apples, and peaches are produced on different 
types of the series in Virginia and the more northern States and 

tobacco in Virginia. 
The clay, although occupying small areas, is an important soil in 

restricted sections of the State. It is well suited to the production 
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of corn, wheat, clover, and grasses. Of these crops corn, clover, 
and grasses give the best returns. Apples do well on this soil and 
there are many small orchards on it. It is a soil which has to be 
handled with considerable care. The loam is used for the produc- 
tion of corn, wheat, grass, clover, apples, and small fruits. Grazing, 
stock raising, and dairying are practiced on a small scale. With 
judicious management good yields of corn, wheat, and grasses can 
be secured. The sandy loam is a small and unimportant agricultural 
soil. The greater part of it is in forest. This soil was formerly 
used for wheat and tobacco, but now corn and wheat are the principal 
crops grown. 

The Penn stony loam is of very limited extent and of little agri- 
cultural importance. When the stones are removed corn, wheat, and 
a few apples and small fruits are grown. The gravelly loam has a 
very small representation in the State. It will produce corn and 
wheat, but cultivation is difficult where the gravel is plentiful. 

York series —The types included in the York series are gray to 
light gray at the surface and have yellow subsoils. They are derived 
from talcose and micaceous schists and imperfectly crystalline slates. 
The texture and structure of the soil are unfavorable to the mainte- 
nance of good tilth, as the surface bakes and checks readily, making 
cultivation difficult. Crop yields are generally low, and the soils are 
exceedingly difficult to improve. 

The York fine sandy loam is considered a thin soil, and small 
yields of tobacco, corn, wheat, and oats are secured. ‘This soil is 
slightly less productive than the Louisa fine sandy loam. Heavy 
fertilization is necessary to produce profitable crops. The York 
loam is held in low esteem as an agricultural soil and practically 
none of it is under cultivation. 

Worsham series—The soils of the Worsham series are composed 
of light-gray surface soils and yellowish or mottled yellow, gr=:’. 
and red plastic clay subsoils. They occur throughout the Piedr orc 
region in comparatively small areas, in which, owing to the imper- 
viousness of the subsoils, the drainage is poorly established. The 
parent rocks consist principally of granite, gneiss, and associated 
formations. The agricultural value of these soils is low and they 

should be left in forest. 
The sandy loam, the only type so far mapped in the State, is of 

very small extent. This soil is suited to the production of orchard 
grass, herd’s-grass, and timothy. On some small areas a heavy ship- 
ping tobaco is grown. 

Conowingo series—The Conowingo series is characterized by the 
erayish-yellow to brownish color of the soils and the yellowish color 
of the subsoils. Some areas mapped have a red subsoil and represent 
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possibly soils that should be separated from those having a yellow 
subsoil. The Conowingo soils are derived from talcose material 
having a decidedly greasy subsoil and are locally known as “soap- 
stone lands.” The topography is rolling to hilly, although there 
are occasionally poorly drained flat areas which are locally known as 
* olades.” 
A considerable proportion of the clay member, the only type so 

far mapped in this series, is fairly well suited to the production of 
general farm crops, but is better left in forest. The “barrens” 
phase, which in places is very stony, and the topography of which is 
hilly to broken, is generally quite unproductive and probably worth- 
less for agricultural purposes. 

Lansdale series—The Lansdale series is characterized by the gray, 
drab, or brownish color of the soils and the gray, slaty to pale- 
yellowish color of the subsoils. These soils occur in close association 
with the Penn series, and are derived from metamorphosed Triassic 
sandstone and shale, prevailingly of a grayish color. The meta- 
morphism has resulted chiefly from the heat of the intrusive rocks 
with which the typical Lansdale areas are associated. The topog- 
raphy ranges from rolling to hilly and the drainage is good. The 
agricultural value of these soils is somewhat lower than that of the 
corresponding: members of the Penn series. Moderate yields of corn, 
oats, wheat, Irish potatoes, and hay are secured. 

The silt loam, the only type so far mapped in the State, is only 
fairly productive. It is best suited to corn, wheat, clover, timothy, 
small fruits, and vegetables. It is better adapted to wheat than to 
corn. 
Manor series—The Manor soils are characterized by their yellow- 

ish-brown to brown surface color and the yellow to yellowish-red or 
dull-red color of the subsoils. Both soil and subsoil have a high 
content of mica, which gives a greasy feel, particularly to the subsoil 
material. The soils of this series are derived from phyllites, includ- 
ing mica schist and chlorite schist. Fragments of these rocks are 
of common occurrence throughout the soil section, some areas being 
very stony. The members of this series are confined to the Northern 
Piedmont, where they occupy gently rolling to hilly areas. When 
properly handled the better-lying areas give good yields of oats, 
corn, wheat, Irish potatoes, and hay. These soils are locally known 
as “slate lands,” “dark slate lands,” and ‘“ white slate lands,” the 
last two designations originating from local variations in the color 
of the surface soils. 

The only type of the Manor series so far encountered in Virginia 
is a small area of the loam, which is of minor importance and should 
be used for forestry, chestnut orchards, and grapes. 
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DESCRIPTION AND USE OF THE SOILS OF THE APPALACHIAN 
MOUNTAIN AND PLATEAU PROVINCE. 

Dekalb series —The surface soils of the Dekalb series are gray to 
brown, while the subsoils are yellow. The soils are derived from 
the disintegration of sandstone and shales, from Silurian to Carbonif- 
erous in age. The surface features consist of gently rolling table- 
lands, hills, and mountains. These soils are generally not very pro- 
ductive. The stony and sandy members of the series are adapted 
to orchard fruits, while the heavier soils make good hay and pasture 
land. 

The stony loam covers about one-half of the total area included in 
this series. The rough and broken character of the surface and the 
large quantity of stones render this soil a typical forest type, un- 
suited for agricultural purposes. It is only upon the more level 
places after the stones have been removed that corn and wheat can 

be grown, but the yields are too 
small for profitable farming. Ap- 

z& ples and peaches may be grown 
eR in local areas. Much of the type 
= should always be in forest or used 
By, for grazing and range. The shale 

\\ DEKALB loam ranks next in extent to the 
stony loam. It is also a forest 

FTES, type. When cultivated it is best 
adapted to wheat and grass or 
those crops which can be harvested 
before dry weather comes or which 
can withstand the drought. Occa- 

Fic. 4.—Relative area of Appalachian sionally fair yields of corn can be 

a5 secured. The silt loam has a com- 
paratively small representation in the series. The lower-lying areas 
are best suited to the growing of corn, wheat, and timothy. Much of | 
the type is too hilly and broken for cultivation, but can be used for 
forestry and pasturage, as it supports a fairly good growth of native 
grasses. The fine sandy loam occupies a small area and has a low 
agricultural value. Small yields of wheat and corn are secured. 
Small fruits and vegetables are best suited to this soil. 

Porters series —The Porters series includes the residual soils of 
the Appalachian Mountains derived from igneous and metamorphic 
rocks. The soils are analogous to those of the Cecil series, but are 
classed separately, on account of the difference in topographic posi- 
tion, They occur at high elevations and are therefore influenced 
more or less by different climatic and drainage conditions. The 
mountainous character of the country in which the Porters soils are 
found renders them difficult of cultivation, and they are generally 
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best adapted to forestry. On the more level and less elevated areas 
wheat, corn, rye, barley, and fruits, especially apples, are produced. 
The soils are particularly adapted to fruit culture, and this industry 
is rapidly extending. At a medium elevation and under suitable 
conditions of slope and exposure fruit is the principal crop. Cattle 
raising is one of the most important industries. 

The sand, which occupies a large area, possesses a high agricul- 
tural value aside from forestry. It is best adapted to the production 
of peaches, grapes, berries, and to light farming, including garden 
vegetables. The black loam is a productive soil, but its isolated 
situation and steep surface do not admit of extensive cultivation. 
Tt is especially adapted to apples, the Albemarle pippin in particular, 
which finds its best development in the coves on the east side of the 
mountains. The clay is best adapted, aside from forestry, to wheat, 
corn, clover, and timothy. Bluegrass and timothy make a good 
pasture. This type is one of the most important apple soils of the 
mountains, particularly for the Winesap and similar varieties. Much 
of the type is too rough and steep for farming purposes and must be 
used for forestry and grazing. ‘The sandy loam is the best general- 
purpose soil in the Porters series. It is well adapted to corn, Irish 
potatoes, rye, apples, peaches, berries, and garden vegetables. Wheat, 
oats, and clover are suitable crops for the heavier phases of the type. 

Talladega series—The soils of the Talladega series are grayish 
brown to light brown. The subsoils are red and have a greasy feel. 
The series is typically developed in the southern Appalachian Moun- 
tains, generally occupying strongly rolling to mountainous country. 
The soils are derived from metamorphic rocks, principally micaceous 
schists. Large areas of the Talladega soils are best suited to forestry 
and pasturage. The smoother areas give moderate results with corn, 
forage crops, and in the South with cotton. The soils are probably 
stronger than those of the Chandler series, from which they differ 
physically chiefly in the red color of their subsoils. 

The loam occupies a small area and is best suited to corn and 
wheat, although fair yields of oats and grasses may be obtained. The 
gravelly loam is of very small extent. It is too gravelly in some 
places to be cultivated and possesses no special adaptations. 

Upshur series—In the Upshur series both soils and subsoils are 
Indian red. Some types have a grayish to grayish-red color in the 

surface soils. These soils are closely associated in occurrence with 
the Dekalb. They are derived from Indian-red sandstone and shales. 
frequently of a calcareous nature. They occupy strongly rolling to 
mountainous country, and drainage is well established. The soils of 
this series are generally more productive than the corresponding 
members of the Dekalb series. The silt loam is the only type which 

14272°—Bull. 46—183—2 
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has been encountered in the State, and this only to a very small 
extent. 

Paris series—The soils of the Paris series are dark gray to dark 
brown and are usually rich in organic matter. The clay subsoils are 
brownish to reddish brown. Drainage is well established. These 
soils are developed on nearly flat table-land areas in coves. They 
are well suited to general farm crops, such as corn and grain. The 
loam is the only type which has been encountered in the- State, and 
this only to a very small extent. 

Chandler series——The Chandler series consists of grayish-brown 
to light-brown soils and yellow to reddish-yellow subsoils, the latter 
having a greasy feel. The types of this series are developed typically 
in the southern Appalachian Mountains and have been encountered 
to only a small extent in Virginia. They are derived from meta- 
morphic rocks, chiefly micaceous schists. Large areas of the series are 
rough in topography and stony. These soils are best suited to pastur- 
age and forestry. They are similar in many respects to the Talladega 
soils, differing principally in the yellow color of their subsoils. 

The loam is the only type that has been mapped, and this is of no 
importance for agriculture, 

DESCRIPTION AND USE OF THE SOILS OF THE COASTAL PLAINS 

PROVINCE. 

Norfotk sertes—The Norfolk soils are characterized by the light- 
gray to grayish-yellow color of the surface soils and the yellow color 
and friable structure of the subsoils. They occupy nearly level to 
rolling uplands throughout the Atlantic and Gulf Coastal Plains, and 
have been derived mainly from. Piedmont-Appalachian material. 
The sandy members predominate. These soils are usually deficient 
in organic matter, which should be added in liberal quantities in an 
intensive system of agriculture in order to maintain them in their 
best condition. The members .of this series are variously adapted to 
early, medium, and late truck crops, and, together with the Ports- 
mouth series, constitute the great truck soils of the coast country. It 
is estimated that on about 30,000 acres, or considerably less than 2 
per cent of the Norfolk series, there are produced, under intensive 
methods, early truck crops to the value of $10,000,000; on about 3 
per cent, sweet and Irish potatoes to the value of $8,500,000; and on 
5 per cent, principally in ten of the southeast counties of the State, 
peanuts to the value of $4,500,000. The remaining 90 per cent of the 
area of these soils is lying idle or is used for general farming, to which 
they are not adapted. 

Under similar conditions of climate and exposure the sand is the 
earliest soil in maturing crops of light yield and is used particularly 
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for extra-early asparagus, Irish potatoes, peas, beans, tomatoes, egg 
plant, melons, cantaloupes, and small fruits. The fine sand is better 
adapted to these crops, giving larger yields, but the crops mature from 
ten days to two weeks later. This is the main truck soil of the Nor- 
folk district. The sandy loam and the fine sandy loam are best 
adapted to sweet and Irish potatoes, early sweet corn, melons, the 
heavier truck crops, like kale, spinach, and cabbage, and to peanuts. 
The fine sandy loam gives better yields than the sandy loam. The 
silt loam, which occurs to a small extent, is the only soil of the Nor- 
folk series found in the State which is well adapted to general farm 
crops, such as corn, wheat, and oats. The remaining types, coarse 
sandy loam, gravelly loam, and clay loam, are of comparatively rare 
occurrence and have no particular value. 

Portsmouth series—The soils are dark gray to black and are high 
in organic matter. The subsoils are light gray to mottled gray 

and yellow, and the heavier mem- 
bers are always plastic, though 
usually carrying a noticeable per- 

centage of sand. These soils are 
most extensively developed in the 

flatwoods or the low seaward por- 
tion of the Atlantic Coastal Plains 
and that portion of the Gulf 
Coastal Plains lying east of the 
Mississippi River. They are poorly 
drained and require ditching before 
they can be used for agriculture. 
Scattered areas are frequently 
found in the poorly drained de- Fic. 5.—Relative area of Coastal Plains 
pressions of the higher Coastal ce 
Plains country. When drained these soils are variously adapted to 
corn, strawberries, and truck crops, such as cabbage, onions, and 

celery. Applications of lime are usually decidedly beneficial. 
The silt loam is one of the extensive and important types in the 

series. It is devoted principally to general farming, including corn, 
hay,and oats. Itis also well suited to the production of cabbage, kale, 
collards, and certain varieties of strawberries. The sandy loam and 
fine sandy loam are the important truck soils of the series and are 
well adapted to late and heavy truck crops, especially cabbage, kale, 
spinach, celery, onions, lettuce, and strawberries. Larger yields are 
secured from these soils than from the corresponding types of the 
Norfolk series. The fine sandy loam is probably the best strawberry 
soil of the Coastal Plains. The clay loam occupies only small spots. 
It is a splendid soil for corn, oats, and grasses, and good pasture can 
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be maintained. The sand has not been drained and reclaimed to any 
extent for agricultural purposes. 

Chesterfield series——The soils are generally gray in color, with 
friable yellow subsoils. The series represents soils having a thin 
layer of Coastal Plains material (Norfolk) overlying residual Pied- 
mont material (mainly Durham). The members are developed near 
the junction of the Coastal Plain and Piedmont, or where there is an 
overlapping of sedimentary upon residual material. They are 
adapted to the general farm crops of the region, principally corn, 
oats, forage crops, and cotton. 

The sandy loam occupies a fairly large area along the borders of 
the Coastal and Piedmont boundary, and is used principally for the 
production of corn, wheat, oats, and tobacco. It is also adapted to 
truck crops, peaches, and small fruits for local markets. The grav- 
elly sandy loam is used to a very limited extent for farming pur- 
poses. It should be devoted to pasture and orchard fruits. 

Bradley series—The surface soils are grayish and sandy. The 
subsoils are predominantly red, in places slightly mottled with yel- 

low or gray, of clay texture. The series represents soils having a 
thin surface mantle of Coastal Plains material (Norfolk) and residual 
Piedmont material (mainly Cecil). These soils are developed most 
extensively near the junction of the Coastal Plains and Piedmont, 
or in that region where there is an overlapping of sedimentary mate- 
rial made up of reworked Piedmont-Appalachian upon residual 
Piedmont material. They are adapted to the general farm crops of 
that region, principally corn, oats, forage crops, and, in the southern 
part of the State, cotton. Only the sandy loam has been encountered 
so far in the State, and this is not so productive as the Cecil sandy 
loam. 

Leonardtown series—The soils of this series are gray to pale- 
yellow in color. The subsoils are mottled gray, yellow, and red and 
ordinarily carry clay lenses and pockets of sand. ‘These soils occupy 
gently rolling to rolling country in the Chesapeake Bay region of 
the Coastal Plains, where the Glacial-Piedmont-Appalachian material 
has been deposited. They are best suited to the general farm crops. 

The loam, which is the only type so far encountered in the State, 
has only in a few instances been handled to show its capabilities. 
The poor natural drainage of this type has retarded its development. 
When properly prepared it is suited for pasturage, corn, grass, and 

late truck. 
Sassafras series —These soils are distinguished by their yellowish- 

brown to brown color and mellow structure. The subsoils are red- 
dish-yellow and friable in structure, resting upon coarser material or 
beds of gravel and sand at depths varying from 24 to 5 feet. The 
series is of sedimentary origin, the material from which it has been 
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derived containing some sediments transported from the area of 
glaciation and added to deposits of Piedmont-Appalachian origin. 
This series is developed along flat marine or estuarine terraces stand- 
ing from 10 to about 250 feet above sea level. The substratum of 
gravel makes drainage good. These soils are confined to the northern 
part of the Atlantic Coastal Plains and include some of the most 
productive soils of the Atlantic seaboard. Under good management 
excellent crops of wheat, corn, clover, potatoes, melons, berries, and a 
number of vegetables are secured. They are particularly adapted to 
canning crops. 

The sandy loam is the only type of the series which has been encoun- 

tered in the State, and this only to a small extent. 
Elkton series.—The soils are light gray to white and the subsoils 

are mottled whitish gray and yellow. Gravel or coarse sand, usually 
saturated with water, is found at a depth of 24 to 3 feet. These soils 
are closely associated with the Sassafras, the difference being caused 
by the intermittent wetting and drying to which the Elkton soils have 
been subjected, rendering them much lighter in color and lower in 
agricultural value. They are encountered in that part of the Coastal 
Plains which has been supphed with Glacial-Piedmont-A ppalachian 
material. 

The fine sandy loam, owing to its poor drainage conditions, has not 
been developed to any extent. Under good drainage ordinary yields 
of general farm crops can be secured, but the soil is not as produc- 
tive as the Sassafras sandy loam. 

Tidal Marsh varies from dark, oozy sediments, interspersed with 
coarse marsh-grass roots, to a dark-colored clay. This material is 
extensively developed along the seacoast and along streams subject to 
tidal overflow. The vegetation consists of salt grass. Reclamation 
would be difficult and expensive, as it would require diking and 
pumping. 

Coastal Beach.—This is a light-gray or white, loose, and incoherent 

sand, 8 feet or more in depth, containing varying quantities of shell 
fragments. It occurs as beaches, narrow ridges, and islands along 
the seacoast. It is not adapted to agriculture. 

DESCRIPTION AND USE OF THE SOILS OF THE LIMESTONE VALLEY 

AND UPLAND PROVINCE. ; 

Hagerstown series—The soils of the Hagerstown series are pre- 
vailingly brown in color, with light-brown to reddish-brown subsoils. 
In some areas the subsoil is red or dull red, but never so pronounced 
in color as that of the Decatur series. These soils are most typically 
developed in the limestone valleys of the Appalachian Mountain re- 
gion and in the central basins of Kentucky and Tennessee, with out- 
lying areas in the adjoining Piedmont Plateau region. Fragments 
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and outcrops of limestone are of common occurrence. The topography 
is undulating to gently rolling, well suited to cultivation. The soils 
are very productive and admirably adapted to corn, small grain, 
clover, bluegrass, timothy, apples, and in the Southern States to 
cotton. 

The stony loam, owing to its rough topography, is best adapted to 
forestry, and, in favored localities, to peaches and winter apples. 
In local areas corn and wheat may be produced. The loam 
has long been recognized as one of the most valuable soils for 
general farming in the Eastern States. It is a natural bluegrass soil, 
and therefore makes the finest of pastures, while clover and timothy 
do almost equally as well for hay. It is admirably adapted to corn 
and well adapted to wheat and apples. The York Imperial, Wine- 
sap, Smokehouse, and Ben Davis varieties of apples do particularly 
well. The sandy loam in the lower lying areas and valleys is well 

adapted to corn, grass, and clover, 
and locally to wheat. The ridges 
and slopes are suited to peaches 
and apples, and several large or- 
chards have proved successful 
financially. Medium to late truck 

and canning crops give fair re- 
turns. The clay is a strong soil 
and well adapted to clover, grasses, 
wheat, and corn. Clover and tim- 
othy mixed give large yields of 
hay. Bluegrass is the natural pas- 
turage. The soil is heavy and re- 

Fic. pig bik NS eras of Limestone quires the heaviest farm equip- 

Tap ment. It is adapted to intensive 
dairying, where the cows are confined and a minimum of pasturing 
practiced. The silt loam is an excellent heavy general farming soil, 
being well adapted to corn, wheat, and hay, and also to late fruits and 
vegetables. The clay loam is practically similar in crop adaptation 
and yields to the Hagerstown clay. It occupies a very small area. 

Conestoga series.—The soils of this series are yellowish brown to 
brown, with yellow and gray mottled subsoils, having a greasy feel 
and often showing a reddish cast. They are derived from calcareous 
shale modified by associated thin sandstone and shaly limestone and 
often contain enough finely divided mica to impart a greasy feel to 
the subsoil. Shaly limestone, fragments of the parent rock, are of 
common occurrence in the subsoil and throughout the soil section. 
The soils are not quite so productive as the corresponding members 
of the associated Hagerstown series, but are suited to the production 
of general farm crops, such as wheat, oats, corn, clover, and grass. 
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The clay, the only type so far encountered in Virginia, is not quite 
as desirable a soil as the Hagerstown clay. It is best adapted to 
wheat and grass, producing wheat of a superior quality. Large 
yields of timothy and clover are secured. The soil naturally runs to 
bluegrass and much of the area is well suited to pasturage. 

Murrill series—The soils of the Murrill series are brown, with 

yellowish-brown to reddish subsoils. They occupy undulating to 
gently sloping areas near the foot of mountains and ridges and are 
derived from limestone, shale, and sandstone material. The sub- 
soils usually consist of residual material from limestone modified 
somewhat by shale in certain areas. The surface soils consist prin- 
cipally of colluvial material from the adjoining slopes and are com- 
posed chiefly of sandstone and shale, though some limestone enters 
into this colluvial wash. The members are less productive than the 
well-drained associated limestone soils, but are well suited to corn, 
wheat, oats, grass, and clover. The sandy members produce good 
yields of vegetables. 

The clay loam, the only type so far mapped in Virginia, is well 
adapted to wheat, corn, grass, dark manufacturing tobacco, and 
apples. Large yields of tobacco are secured, the chief use of which 
is for black plug wrapper or export cigar wrapper, and which sells 
at a higher price than tobacco grown on other soils in its locality. 

Decatur series—The soils and subsoils are characteristically of a 

reddish-brown to deep-red color and are derived mainly from pure 
limestone, although some areas show traces of chert. These soils are 
developed as nearly level to gently rolling valley lands and are ad- 
mirably adapted to corn, small grains, and forage crops. Under 
proper climatic conditions cotton can also be grown. The clay loam, 
the only type so far encountered in the State, occurs in a very small 
area. 

DESCRIPTION AND USE OF THE SOILS OF THE RIVER FLOOD PLAINS 

PROVINCE. 

Wickham series —The surface soils are reddish or reddish brown 

and contain a higher percentage of organic matter than the Norfolk 
series. They usually overlie reddish, micaceous heavy sandy loam or 
loam subsoils, which become coarser, looser, and more incoherent at 

about 30 inches. These soils occupy river terraces in the higher part 
of the Coastal Plain near the Piedmont Plateau boundary. They 
generally have a level or gently undulating surface, are fairly well 
drained, and have a relatively high agricultural value. 

The loam is well adapted to corn, wheat, oats, and timothy. It is 
considered more desirable for wheat and oats than the Congaree loam, 
but, in some localities, not so good for corn. The sandy loam is a fair 

soil for corn and oats and well adapted to potatoes, truck crops, and 
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light farming. The sand is essentially an early truck soil. It is 
especially adapted to watermelons, beans, and rye, but is too light 
for the profitable production of heavy farm crops. The clay loam has 
the smallest representation of any of the Wickham soils, but is the 

strongest soil of the series and is especially suited to corn, grasses, 
wheat, and oats. 

Congaree series.—The soils and subsoils of the Congaree series are 
brown to reddish brown, there being comparatively little change in 
texture, structure, and color from the surface downward. Occasion- 
ally grayish and yellowish mottling 1s encountered in the subsoil of 
the poorly drained areas. These soils are developed in the over- 
flowed first bottoms of the streams of the Piedmont region and in 
similar positions in the Coastal Plains along streams issuing from the 
Piedmont. The material is derived from the soils of the Piedmont 
region, with some admixture of Appalachian material, and in the 

Coastal Plains a slight mingling of 
Coastal Plains material. The soils 
are very productive, but are usually 

poorly drained, and crops are 
sometimes damaged by overflows. 
Extensive areas are under cultiva- 

| tion to corn, oats, and forage crops; 
MEADOW | in the southern part of the State to 
Bay 5 / cotton, and still farther south to 

sugar cane. 
The loam is well adapted to corn 

and grasses, and, where drainage 
is adequate, to wheat and oats. It 

Fic. Bo Se area of River Flood produces an excellent natural pas- 

nates turage for summer grazing of cat- 
tle, and large yields of corn are secured without fertilizer. The fine 
sandy loam usually lies at slightly higher elevations than the Con- 
garee loam. It is adapted to corn, oats, and watermelons. 

Cumberland series—The surface soils are brown to yellowish 
brown in color, while the subsoils are yellow to reddish yellow. The 
series comprises high terrace soils in the Limestone region of the 
South. Many of the larger streams traversing the Limestone region 
formerly flowed at considerably higher levels, and this resulted in 
the formation of more or less distinct erosion terraces. Upon these 
terraces was deposited a thin stratum of alluvial material. The 

surface soils of this series are therefore partly alluvial, while the 
subsoils are residual from the underlying limestones. 

The gravelly loam is of limited extent. It is used to some ex- 
tent for corn, oats, and grasses. The loam also has a small acreage. 
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It is used mainly for corn and wheat and to some extent for fruits. 
The clay loam is adapted to the production of corn and pasture 
grasses. 
Huntington series —The Huntington soils are light brown to brown 

and the subsoils yellow to light brown. In many cases there is little 
change in the color or character of the material from the surface 
downward. The soils are developed in the Limestone and Appalach- 
ian Mountain regions in the first bottoms of streams, where they 
are subject to overflow. They consist of material derived from 
limestone, sandstone, and shale soils. They represent the best- 
drained soils of the first bottoms of the region, and are admirably 
adapted to corn, oats, grass, forage crops, and, under proper climatic 
conditions, to cotton. 

The loam, when well drained and lying above high water, is wall 
suited to corn, tomatoes, and other canning crops. The silt loam 
occupies a very small acreage. It is well adapted to corn, potatoes, 
and hay. Sorghum does well in some localities, 
Toxaway series—The Toxaway soils are light brown to dark 

brown. The subsoils are yellowish brown to dark brown. This 
series occupies the first bottoms of streams in the southern Ap- 
palachian Mountains and consists of material derived from the 
soils of this region, principally from granitic, gneissic, and schistose 
rocks. They are largely subject to overflow. Along the outer mar- 
gins there is more or less influence from colluvial material from ad- 
joining slopes. The soils are especially adapted to corn, grass, oats, 
rye, cabbage, pumpkins, cucumbers, potatoes, and other vegetables. 
The fine sandy loam, the only type so far mapped in the State, is of 
very small extent. 

Altavista series—The surface soils are gray, the subsoils yellow, 
mottled yellow and gray, or mottled yellow, gray, and red. The 
series is developed as well-defined to rather indistinct terraces along 
streams and lies above normal overflow. The soils are encountered 
in the Piedmont region and in the near-by Coastal Plains along 
streams issuing from the Piedmont. Typically the material is 
alluvial in origin, but in places near foot slopes some colluvial ma- 
terial has modified the alluvial deposits. In places also the subsoil 
appears to be at least partly residual in origin. The flatter areas 
need surface drainage. ‘Tobacco, corn, wheat, oats, and grass do well. 

The fine sandy loam, the only type of this series which has been 
found in Virginia, is of very small extent. Upon the better-drained 
areas good yields of corn and hay are secured, and in some localities 
melons and vegetables are successfully produced. 

Holston series—The Holston series consists of yellowish-brown to 
brown surface soils and yellow subsoils. It is developed on old ailu- 



18 BULLETIN 46, U. S. DEPARTMENT OF AGRICULTURE. 

vial terraces, sometimes standing 200 feet or more above the first 
bottoms of present streams. The soils consist principally of material 
washed from sandstone and shale soils, and on this account are some- 
what less productive than the Elk soils, which they closely resemble, 
but which contain more limestone material. The Holston soils are 
generally underlain by sandstone or shale, and in places the lower 
subsoil seems to be partly residual from these rocks. The soils give 
fair to good yields of corn, wheat, oats, grass, clover, and forage 
crops. The silt loam is the only type so far encountered in the State, 
and this to a very small extent. 
Meadow and Swamp constitute by far the larger part of the 

River Flood Plains which has been mapped so far in the State. Both 
are classed under miscellaneous material, as the material is too 
immature to classify with the soils. The meadow is subject to fre- 
quent overfiow and is liable to change its character with the extent, 

volume, and velocity of the overflow. It, therefore, has not acquired 
a definite and persistent texture, which is one of the requisites of 
classified soil types. Furthermore, drainage is usually not yet well 
established and the material lacks that circulation of water and of 
air which is generally associated with classified soils. The Meadow 
is usually adapted to certain grasses, which often give valuable pas- 
turage or hay crops. The reclamation of many meadow areas may 
easily be accomplished by drainage, but in the case of others it may 
be necessary to protect them from overfiow. 

The Swamp is still more immature than the Meadow, in that it 
rarely has any circulation of water or air, as do agricultural lands, but 
is under water much or all of the time and is unfit, in its natural 
condition, for farm crops. However, this may also be reclaimed and 
converted usually into very productive material, so that Meadow and 
Swamp may be considered valuable undeveloped resources of the 
State. ; 

Table showing the extent and location of each soil type encountered in the 
survey. 

seed F Key number | Area of Area of 
Province and soil type. to report. type. series. 

Faun Pee soils: a SRRet a Brie Acres. 
a STIG YuOaIn FPP te. eee as oe See eee. ae eee 

gig nace Sey ene, oe eee 1,2,3 4'6,7,8,11 | 354,992 \ 945, 274 
ROOUIISES OAT cone Pec neem ay ae eae ae age oye eet 4,8 | 256,704 404, 096 

Be BABA OON Urges ae tc TS Ae ae Sea ea tae : 
Chester loan 2. 23-- - cies eee ene + eee 8 2 eee cele eee 1 17 
ein eandy Foi: 1 a a . Sees See ee See oe eee , ‘ u 2 a 198, 528 
FEMERLICAAY CORAM etre ee = ee oo a een eet eer 4,7, 

Ririe SANG MOAT Sooo os. esis) oats ei aan ae Se fine Sayy 3, 840 AAD, 200 
Dra santyoan. oo ose > ee Pe SS eee ee 2,6, 8,11 59, 558 59, 558 
Pent Clayse ute 62 17, 25, 664 

loam Se. 22s: 22: 4,7 23, 232 
sandy loam 1,4 6,976 57, 664 
BEOULYAGAaMe LE one eee, came ee eee enters a ae 7 |= 1,280 
PEO MOAT fos oe Nace LEY oes ne Peon es aaaee 7 512 

LORS Sandy ldam..* 5. Se teste. ce eee eee 4 14, 464 } 18. 496 
RIN eet 2 ech J es eee Salen aa is Mae eee eat oye 2,4 4,032 t 

RV CRSUSI SAT Y OAT ooo eee eh cnc eet coe 11 8, 520 8, 520 
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Table showing the extent and location of each soil type, etc.—Continued. 

: , Key number | Area of Area of 
Province and soil type. to report. type. series, 

Piedmont Plateau soils—Continued. Acres. Acres. 
(Cemourimno @ bhack Saodeqqedeceneaas deeseoesenerceacbooouessce 1 6, 272 6, 272 
LaTsCile Gill oping kau cae anneeanoe SsonaneeGeeseer ane oesa cc 7 4, 928 4,928 
INTaNa OPAL OMIM se eta sole ais sere Sescin nici eta iemisiais ies <a) eee eta 7 3, 200 3, 200 
BeOS D bop asueboaseu SE seeeeosene de ccecdnseedtonbesccrasnan 1 6, 976 6, 976 

A UALS VG VE GeTI TOL OVATLCC ams esterases ta ast va neta feted absdelatatey lalla eletelalal-)=)<12\=e2)=telnl|()=aia/sl2/=/== = 1, 859, 782 

Appalachian soils: ea at 
Melalostomy Woamse tile cies <eoste e a falslera cle oe ernie ayaa 1,7,9 | 177,408 

Sirale loam ese LCE ONS ee aes 1,3 | 100,698 311. 450 
GUE IORI So banonoceanencoes UL aU CEI 9 | 25,792 y 
fineysandy loam seer. ee ee ene see lie ee apse a reece 9 7, 552 

Porters sand EEO rece Soha ens ce ; i ee ie 
ACK Oats ye eee SNS Ee Jee ee ae 2 : 7 

Clay Ge CLC eee at NC RRR Leh | ee B01, 604 
SeinOhy Ieee Sanat oseonneosHaouuempoeEe ses cde sdonads 3 46, 150 

‘alleyclejea, Ieeiat\ = nsennoesscocsueonasduceecosernunoocsesdcunce 9 8, 960 \ 11.712 
py Olby IORWN. 53 As oenonoceesetaccsomcccseosescods 9 2, 752 9 

Wrosinairisiltloamles Sus ES yon 2) toe Oe ME ea ee eens 9 2, 624 2, 624 
Tears WOMAN Sn eb oen eb an condos baeae aos aboeaEeaoopeataoobeRce 9 1,536 1, 536 
Candler ee SRR GS Te A ISGARR Nc MHD OBL 3 wt aa 384 

CHEN Siwy Ii oH bes oooseosseriaodec seacecorssemucaemoc z 
TRIE GOULET nse ie eat Bae Nae 3 | 17,140 \ 94, 964 

INOUENL SbbmyeyEGl ba JOON ALCS | Stee eotesencsSoE peas Secoauoslenceoeuoss a5 eacoc|boseenssoe 724, 274 

Coastal Plains soils: Sa eee 
Norfolk fine sandy loam..........-.-..--.-..----.----------- 5,6,10,12 | 230,272 

Sam chy slosime sa see es iso See ect Nap sey ate ysg a ei hags 5,6,12 | 214, 976 
gucwand BABS EUs CEU eRESBe SO ee sc cneanpenccqnosacoads oe 20, 864 
SEH Ase oelosboosoocoseaseeecacooussecosaeneosud 11, 200 
SHIP NOSNTeTe CM aN NNR We nL RAE Nn ah. 46 5 | 5,952 eons 
Coarse sandy loam.) 222 ee eee ee eee eel 12 4, 288 
Glay AOA ese 52 ole Balai ae So 2a epe yeas eee 12 1, 856 
eTaviellivwloams. 5 Sao 52 clea 2 pepe pee ee eR yah 6 1,344 

Portsmouth sililoam. = 2252-222. 22. 2 es sees 10 55, 488 
sandy; loam 2 ese ho hor eet eee a aense 10,12 50, 048 
fine sandy loam.....--.....-..- Jet see seeere ee 12 29, 760 139, 520 
Claycloamit cso isk Ree cane Aes etry 12 2,176 

5 | 95,680 Dy 
5 | 34,304 \ 129, 984 
5 | 59,072 59, 072 

6,12 | 43,584 43, 584 
Sassairas|samdy loaned 22. se os A ee eh tae ea eee 10 23, 872 23, 872 
Elkton fine sandy loam.................-.....---+-------+-- 5 14, 656 14, 656 
Midalimarshe ase 28 oe 5 8 sok eset alaeis'apscioelse Sees 12 21, 568 \ 34. 304 
Woastalibeach ao ece cee eh A eee ar me He ere eee 10,12 12,736 2 

AMOUR L SIA EhrGl mol jorONAwNOo). Boe docnoecocennoke o=ee csancorel|s sosenenssGecccss|lbuassoance 935, 744 

Limestone soils: is aa ean 
Hagerstown stony loam 1,3,9 | 100,974 

an matey 1,3, oe ae 568 
sandy loam . 57, 414 
Glave Las att 13] 45,130 324, 038 
SUG MO amas SH Beg FS ASS ey UE Get 9 20, 160 

; Clayelo amass fei te f yen Ee 9 1, 792 
Wonesto ralclayee eee oe gS he) eee 1 16, 960 16, 960 
Mirrrilisclay loamle 52 sss ss ss eee ae eee ee 3 15, 720 15, 720 
Decatur clayzloams 2A was sass Fehon 9 448 448 

Motalisunveyed iniwprovineessen s+ ee oo ee eels eae nee ese cee pesciemecay 357, 166 

River Flood Plains soils: ? DRSGaT RGR 
Wickham mee Sa pega te ROR < em 5 5, 952 

Samdyeloame sneak he eee ao tele 6 5,120 
sand.......-. 6 4, 416 (abe 
clay loam . 6 2,176 

Conganeeloams jo j.e eemeesa-s-ceoneeeeeeee cee 5 9, 984 \ 13. 888 
fine sandy loam 4 3, 904 , 

Cumberland gravelly loam...:......-..--...-.------+-------- 9 3, 840 
SURO ATI ioe SN oven ae Ls Ve Conon. ah Saag tev 9 3,072 7, 104 

Clayalodml eee Soa aee Bee 2) RR ea 9 192 
bunting tonploamess 226.2 22 5o5. koe se oes le eee te eh 9 2,560 \ 3.136 

SUNG MOI D> TARVER aes sce een 2 See per 9 576 d 
Toxaway fine sandy loam..............-..222-222++22-22+--- 9 2,176 2,176 
EA tanvAStai ser diya Gayiaee ye) ne eee ac) = oe ve 4 1,088 1,088 
ETOlston' silt loamy ee. Ne ONE DS ee ae 9 576 576 

1,2,3, 4,5, 6, 7 
MUGEN ce oe soccscnt soda Deseo eeceeecseeceeeceeetenwccecee {2031 2° Ty [t 167,488 |L 945, aoa 
SSW AINE ave cps mys ee ees Se re cete i crs Sok ras eect a PR et 5, 6, 10,12 47, 936 

MRotalisurveyedimiprovineec. - ... 24-1 - Sa ee sal sae soe sweeiecmclneeeacce se 261, 056 
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Reference list and key to the numbers given in second column of the foregoing 
table, showing the areas surveyed, the soils mapped in each area, and the 
changes made in classification since the publication of the reports. 

Name of area. 

1. Albemarle area, 1902 ........-...-.. 

2. Appomattox County, 1904........-- 

3. Bedford area, 1901..........- eae, 

4, Campbell County, 1909......--..--- 

5. Chesterfield County, 

6. Hanover County, 1905.........-..-- 

2. WSESDUre Area TGF ool ae 

Soil name as published. Changed to— 

Cociliclayis .\. fees soho es See eee eee 
Cecil loam >. 22522885. Sr eer eee Chester loam. 
Cecilisand yloameet? ts sae sceee eee see 
Conestogayclayene. aes ccen. sa-2 eee 
Conowingo barrens. ..............-.-.- Barrens (Conowingo ma- 

: terial). 
Conowingoiclay~-pcse- st -a- ssooeeeeeee 
Edgemont stony loam................ Dekalb stony loam. 
Bagerstowm claiy-2 sence s+ scenes ceeeen 
Hapgerstownloaml: (ei tesasean enna oe 
Hagerstown sandy loam.............. 
Hagerstown shale loam 
Hagerstown stony loam : 
Meadow ta ocecereteeeeeeren oe eee 
Penn: Clay ie 3. eine eee wee ee ee 
Pennisandysloam ee see een 
iRorters black oamieno se sa eee 
‘Porters claysccushe essere eee ne 
Porters/sand:. Seas. csacer ape ea eee 
Cecil clays 5. Fi eee 
Cecil loam se * koe nae ec ae eo peere 
@ecilisand 2028 4a oh ae ee 
Cecilisand yjloamie eee eee 
iredelliclay loamtstes eps een oe eee eee 
Meadow,: 0.) -cu hee ae 
Cecil’ Clays: 2.42 S2gers see tele eee 
Cecilisandyiloamiie= 2212 See See eee 
Hagerstowniclayess2s¢5)s-ssoeeeaeeeee 
Hagerstown loam..................--- 
Hagerstown shale loam.....-......... 
Meadow <2. 222 ::25-252 = see aescooeeee 
Murriliclayloamisss*22seos.eeeeeeenes 
Murrillsandy loam................... 
Murrillstony loam.................... 
Porters) black loampeeoe2eseee ee ee eee 
Porters red:clay:. 222-2277 = 25 oss cee 
Porters sandy loam....-......-..-..-- 
Rock outcrop asses seen eee eee eeee 
Altavista fine sandy loam..-......---. 
Cecil clay 
Congaree fine sandy loam..........-.. 
Tredell clay loam.-.........---..----.- . 
Tredell fine sandy loam.........--.--.- 
Louisa loam )29222 ee cee ee 
Louisa fine sandy loam.........-...--- 
Meadow (Congaree material).......... 
Penn loam .cecs.. oak e eee eee 
Pennisandydoants. =255552--8--7 222m 
York fine sandy loam..-.-........------ 
Mork loge esas jeaseen. eset eee 
Bradley sandy loam..............----- 
Chesterfield gravelly sandy loam...... 
Chesterfield sandy loam....-....--..-- 
Congaree loam so ss2e nse eee nee 
Elkton fine sandy loam..........-...- 
Meadow... :s5 ese eicaccctocsscececree 
Norfolk fine sandy loam 
Norfolk sandieh oo! pe ericee nectar eee 
Norfolk sandy loam........-.--.------ 
Norfolk silt loa@mii:-ece-ee-o-- eee 
Swam 

Dekalb snale loam. 

York loam. 
Durham sandy loam. 

Dekalb shale loam. 

Hagerstown sandy loam. 
Hagerstown stony loam. 

Porters clay. 

Ceciliclay's= 28) .tiee eee eee 
Cecilisand:« 225. 252 0ie eke eee eee 
Cecil: sandy loam).22-) soe ee eee 
Leonardtown loam.........-.-.------- 
NIGAM OW: seer. || eC ee eee eer ees 
Norfolk fine sandy loam......-.--.-.--. 
Norfolk gravelly loam.......--.-.-.--- 
Norfolk sandy loam..........-..--.--- 
Swamp 
Wickham clay loam..:2- 7-22 - tems 
Wickham:sandees 2/3. .n-2 ee = ee 
Wickham sandy loam........-.-.-.--- 
Weciliclay 2): leper t= sac eee 
Cecil loam 222. e tees rh. wi stouteemeee ieee 

Durham sandy loam. 

Chester loam. 
Manor loam. 

Cecisilt lOani sate setkieo- a) unseen. soe Lansdale silt loam. 
Dekalb stonywlosme. estes tee este loetere 
Hagerstown loam... 
[redeliclay loads eusees ee eee eee 
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Reference list and key to the numbers given in second column of the foregoing 
table, showing the areas surveyed, the soils mapped in each area, and the 
changes made in classification since the publication of the reports—Continued. 

Name of area. 

10. Norfolk area, 1903.........-------- 

11. Prince Edward area, 1901........- 

12. Yorktown area, 1905........-..--- 

U 

Soil name as-published. Changed to— 

Chester sandy loam. 

en Clay see eee ay oe es oe ee aa 
Penn gravelly loam.......-.--.------- 
Renm loam: 52: eee en A 
Penn stony loam...............-.---- 
POrters. Clay seen some tea Nee 
Cecil cla 
Cecil fine sandy loam...............-. 
Cecib loam Aenea ee 
Cecil said ESAS eon snes ale Ria 
Cecil sandy loam...................... 
Tredell clay loam................---.-. 
IMiGad O Wetec nee oe eee 
Cumberland clay loam....._....-..... 
Cumberland gravelly loam..........-. 
Cumberland loam.............-...--.- 
Decatunjelay, loam sae eeeene ne 
Dekalb fine sandy loam...._.......... 
Dekalb silt loam...............-..--.- 
Dekalb stony loam................--- 
Hagerstown clay loam.............--. 
Hagerstown loam.................---- 
Hagerstown silt loam................. 
Hagerstown stony loam._............. 
Holston silt loam.............._...-.. 
Huntington loam..................... 
Huntington silt loam 
Indian loam............. 
Meadow......-.....- 

Louisa fine sandy loam. 
Louisa loam. 
Durham sandy loam. 

Chandler loam. 

Pilot gravelly loam............-..---. Talladega gravelly loam. 
Rilo t loam aware soe yn ee oe oe Talladega loam. 

Cumberland loam. 
Rough stony land............-.--.--. 
Toxaway fine sandy loam............- 
Upshur silt loam..................--.. 
Galveston sand................-..-..- Coastal beach. 
Leonardtown gravelly loam........... Portsmouth silt loam. 
Leonardtown loam............-..--.. Do. 
Norfolk fine sandy loam.............. 
INorfolkjloamespeeeeee ee eee eee eee 
Norfolk sandsi22 22502 e ee 
Portsmouth fine sandy loam.........: 
Portsmouth sand.................--.- 

Sasafras sandy loam. 
Norfolk fine sand. 

Cecil sandy loam...................-.. 
Durham sandy loam...........-.....- 
Tredell clay loam...................... 
Meadow scc.ce nese ne sean Carne 
Worsham sandy loam_..............-. 
Galveston clay...........-- 
Galveston sand........ 

Tidal marsh. 
.| Coastal beach. 

Norfolk clay loam................-...- 
Norfolk coarse sandy loam..........-.. 
Norfolk fine sandy loam........-....- 
Norfolk sandy loam...............-.-- 
Portsmouth clay loam..............-. 
Portsmouth fine sandy loam........-. 
Portsmouth sandy loam............-- 
SW TIU Ae <p ARES i kel ta 
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LESSONS FOR AMERICAN POTATO GROWERS 

FROM GERMAN EXPERIENCES. 

By W. A. Orton, Pathologist in Charge of Cotton and Truck Disease and Sugar- 

Plant Investigations, Bureau of Plant Industry. 

INTRODUCTION. 

In seeking the improvement of our agriculture we may advan- 
tageously take notice of the progress made by other countries and 
the methods that have resulted in their success, to the end that by a 
comparison and study of the relative conditions here we may gain 
a wider viewpoint and new ideas. 

Those working for the betterment of our potato industry can find 
no country that will more richly reward study than Germany, where 
potato culture and the utilization of this crop have attained a high 
development. 

RELATIVE IMPORTANCE OF THE POTATO IN GERMAN AND AMERICAN 
AGRICULTURE. 

The potato in Germany takes a more important place than with 
us. Though the country is much smaller than the United States, the 
area planted is 8,165,000 acres, as compared with 3,566,000 acres in 
the United States.1 The average total yield is 1,653,403,000 bushels, 
or 202.5 bushels per acre, as compared with our average of 343,587,000 
bushels,’ or 96.2 bushels per acre. If the States of Maine, New York, 
Michigan, Wisconsin, and Minnesota alone were to plant 12.5 per 
eent of their arable land in potatoes, as Germany does, and secure an 
equivalent yield, the product would amount to 1,558,944,000 bushels, 
44 times our present production from the entire country. At the 
present rate of consumption of potatoes in the United States, which 
is considerably less than 3 bushels per capita, the needs of the entire 
country could be supplied from any one of the States of New York, 
Michigan, Wisconsin, or Minnesota and leave a surplus unused, 
whereas all the States combined have several times failed to produce 

1 Wive-year average, 1908 to 1912. 

14572°—138 
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enough potatoes to supply the domestic consumption, and in such 
years large quantities of potatoes have been imported from foreign 
countries. 

INDUSTRIAL USES FOR GERMAN POTATOES. 

Such an immense production of potatoes as we find in Germany is 
manifestly not required to feed the people. As a matter of fact, 
only 28 per cent of the crop is used for human food, while 40 per 
cent is fed direct to farm animals and 12 per cent is set aside for seed 
purposes. The Germans plant over twice as many seed potatoes per 
acre as is the custom here, or more than 24 bushels. An additional 
portion of the surplus, in round numbers 100,000,000 bushels, a little 
less than 6 per cent of the total crop, is made into alcohol and used 
for industrial purposes and to replace petroleum products. Over 
50,000,000 bushels, or about 4 per cent, are made each year into starch, 
dextrose, and related products. This accounts for all except 10 per 
cent of the German crop, which it is estimated is lost through decay. 

It is difficult to secure American figures on which to base a com- 
parison with the statistics quoted. It is probable that we plant on 
the average 11 bushels per acre for seed, or about 11 per cent of our 
total crop. Although exact data on disease injuries are very scarce, a 
recent survey indicates that as much as 15 per cent may be lost from 
decay, without taking into consideration the reduction of the crop 
from foliage diseases, which is even greater. Probably not more than 
3,000,000 bushels are used annually for starch purposes, or less-than 

1 per cent, while the practice of feeding to stock is very limited, 
indeed, possibly 5 per cent being used in this way. No potatoes are 
made into alcohol and none are dried. It is evident, therefore, that 
approximately 68 per cent or more of our potatoes are used for table 
purposes. 

TABLE I.—Acreage, production, value, prices, exports, and imports of potatoes in 
the United States, 1900 to 1912, inclusive. 
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THE ROLE OF POTATOES IN THE NATIONAL DIETARY. 

The potato stands next to the cereals as the most important food 
of northern nations. In Germany this is particularly true, for the 
per capita consumption is 7.3 bushels, while ours is estimated at 2.6 
bushels. An interesting study by Behrend’ shows that the con- 
sumption of potatoes in Germany stands in inverse ratio to the 
wealth and social status of the people. The well-to-do people there 
use 3.6 bushels each per annum, the peasantry 8.8 bushels, and the 
laborers in western Germany 12.3 bushels, while in the eastern 
Provinces the per capita consumption of the poorer laborers is 17 

bushels each per year. 
The average wholesale price for table potatoes in Berlin, from 

1908 to 1912, inclusive, was 30 cents per bushel; that in Chicago 
during the same 5-year period was 56 cents per bushel. A compari- 
son with the prices of wheat and corn will show that the American 
people could often purchase a unit of food value more cheaply in 
the form of cereals than as potatoes, but the inherited taste for this 
vegetable is strong in us and will be satisfied, whatever the price. 
In the Southern States this is less true. Rice, corn, and sweet 
potatoes afford very satisfactory substitutes there. 

INDIRECT BENEFITS OF POTATO GROWING. 

The farm profits from the potato in Germany are not large, but 
they are reasonably sure, and, as in all business enterprises where 

_ the speculative element is eliminated, it is possible to run on a closer 
margin and to take account of small economies. Certain indirect 
benefits resulting from potato culture are influential in maintaining 
the acreage. 

IMPROVEMENT IN SOIL PRODUCTIVITY. 

One of the great problems in German agricultural economy is to 
increase the nation’s harvests and at the same time to maintain the 
productivity of the soil. Particularly on the light, infertile soils of 
parts of eastern Germany was this an urgent necessity, and it is 
surprising to find what has been accomplished there by modern 
methods of crop rotation, green manuring, and fertilizing. It is 
the testimony of the German specialists that the potato has played 
the greatest role in this agricultural development, as the sugar beet 
has done in their heavier soils. These hoed root crops are beneficial 
to any soil, through the deep and thorough culture that is given them, 
with its resultant improvement in the physical condition and aera- 
‘tion. The profits from the crop justify the liberal use of commer- 

1 Behrend, W. Deutschlands Kartoffelerzeugung und Verbrauch in Gegenwart und 

Zukunft, Berlin, 1905. ‘ 
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cial fertilizers, from which there are important residual effects on ~ 
other crops in the rotation. The clean culture practiced also brings 
all weeds into thorough subjection. The yields per acre of all farm 
crops have been greatly increased since the extension of potato 
growing. 

BY-PRODUCTS FOR FEEDING AND MANURE. 

That. 40 per cent of the entire crop is fed to live stock has already 
been pointed out. This is important for a diversified and profitable 
system of farming, since it not only gives a large return in meat from 
the 19,000,000 swine thus supported, but contributes an indispensable 
supply of stable manure to the upbuilding of the soil. The nearly 
100,000,000 bushels that are made into alcohol are mostly worked up 
in farm distilleries, and the resulting by-product, or mash, possesses 
considerable value for feeding cattle, and thus returns the greater 
part of the fertilizing elements in the crop to the land. The more 
than 50,000,000 bushels that are converted into starch, dextrin, and 
related products enter quite largely into Germany’s export trade. It 
should also be mentioned that potato tops are now dried and used for 
stock food on many estates. ' 

A MAXIMUM ACREAGE THE POLICY. 

For all these reasons the German farmers seek to plant a maximum 
acreage of potatoes, and when, through the abundance of their har- 
vests, their various markets are oversupplied there is not so much 
talk of reducing production as of finding some new outlet for the 
surplus. This is illustrated by the development of the potato-drying 
industry. Previous to 1894 there had been an overproduction of 
potatoes and low prices, to relieve which the Government united with 
the organizations of the distillers and starch makers and with sev- 
eral agricultural societies to offer prizes, aggregating 30,000 marks, 
for the most practical and economical method of drying potatoes. 
After thorough tests of the apparatus designed by the competitors 
these prizes were awarded to several firms. That the method was 
successful has been demonstrated by the rapid increase in the num- 
ber of factories for drying potatoes, which now number 371. In 1910 
more than 12,200,000 bushels of potatoes were dried in these factories. 

COMPARISON WITH AMERICAN CONDITIONS. 

SOIL FERTILITY. 

The disparity in the average yields of Germany and the United 
States is not due so much to the superior quality of the German soils 

1The average expenditure for potato manures on 140 German estates was $10.68 per 

acre, less than is frequently used in Maine or in the trucking districts of other States. 

See Howard, W. H., Produktionskosten der wichtigsten Feldfriichte, Aufl. 3, Berlin, 1908, 
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as to other reasons. We have, in fact, better soils than Europe in 
almost unlimited area, including types especially adapted for pota- 
toes, and we actually produce, in a few sections where potato growing 

“is made a specialty, as large crops as the Germans. 

CLIMATE. 

It must be recognized that northern Europe, with its cool and 
equable summer, has a climate better adapted to the potato than any 
except possibly the most northern part of the United States. The 
average mean temperature for July in Posen, in north Germany, is 
64° F. Practically all of our potato districts, with the exception of 
Aroostook County, Me., lie south of the isotherm of 65° F., and the 
average summer heat in most of our potato States is not far from 10° 
higher than in Germany. Most of our varieties of potatoes are unable 
to withstand high temperatures and in the southern two-thirds’of our 
country are subject to tip-burn, sun scald, and other troubles, which 
result in abnormal maturity. Farther south, as is well known, only 
early spring or fall crops can be grown. Much of the area of the 

United States i& not in the potato belt. 
On the other hand, the rainfall of Germany is often less than is 

needed for maximum production, and if we had a heat-resistant potato 
cour more liberal precipitation would give us a decided advantage. 
The average annual rainfall in Posen is less than 19 inches, of which 
nearly 13 inches fall in the growing season, from April to October, 
inclusive. Northern Maine has, however, 20 inches during the same 

summer period, western New York about 24 inches, and Michigan 
20:inches. In the irrigated districts of the Western States the pota- 
toes receive perhaps even more water than they require. The cool 
nights of these regions and their midday heat subject the potatoes 
to temperature changes greater than are found in Germany. 

COMPETITION WITH MAIZE AND PETROLEUM. 

There is a fundamental economic condition in the United States 
that will always influence the extension of potato culture. The hot 
summers which are so injurious to the potato plant are ideal for the 
development of Indian corn, so that in the corn belt there can be no 
profit in growing potatoes in excess of those needed locally for table 
use. Corn can be produced more economically, is better for stock 
feeding, and is a cheaper source of starch, glucose, and alcohol. The 
scarcity and high cost of farm labor in the United States are other 
economic factors that influence the result. Farther north, however, 
and in the elevated districts of the West where corn can not so well be 
grown, the potato has a larger place. 
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The vast deposits of petroleum in the United States, which Ger- 
many lacks, also provide us with fuel oil and gasoline at prices which 
at present nearly eliminate alcoho] as a competitor. Consequently, . 
we do not have this stimulus to develop potato growing for distilling. 

SOME REASONS FOR OUR LOWER YIELDS. 

LACK OF ADAPTED VARIETIES. 

As compared with the leading European countries, we have made 
unsatisfactory progress in the development of improved varieties of 
potatoes. On the other side of the Atlantic many skilled breeders 
have for years been engaged in this work. Findlay and Searlett in 
Great Britain; Cimbal, Paulsen, Richter, and Béhm in Germany; 
and Dolkowski in Austria have each introduced a large number of 
promising sorts, and have made notable achievements toward greater 
productivity and better quality. It is to be hoped that many private 
breeders will engage in this fascinating work. Our needs for better 
varieties are much greater, for our climatic conditions are so diverse 
that potatoes adapted to special localities are required. Particularly 

do we need a heat-resistant strain that can more successfully with- 
stand the high summer temperature of the Central and Southern 
States. Disease resistance 1s another quality that has been bred into 
many foreign sorts but is notably lacking in ours. Not only should 
we breed resistance to late-blight, but to wilt, scab, and other troubles 
prevalent here. It appears probable that leaf-roll and other new dis- 
eases, which many associate with varietal degeneration, are to be over- 
come only by selection and breeding. 
We have already learned by experience that it is unprofitable to 

introduce European varieties, for they do not maintain their quali- 
ties here. We must breed American potatoes suitable for every need. 
We have much to accomplish in increasing the starch content of our 
potatoes, which is now lower than that 6f the German sorts by 4 to 8 
per cent. Table quality is another requisite. The best European 
table varieties possess a superior flavor, color, and texture, particu- 

jarly for boiling or frying. In this connection we may not overlook 
the need for several types—one for baking, another for frying, while 
a still more close-textured tuber is in some demand for salads. The 
percentage of waste in preparation for the table is so much greater 
in irregular, deep-eyed sorts that the shape of the tuber is a vital 

point. 
NUMBER OF PLANTS TO THE ACRE. 

A prominent reason for the low average yield per acre in this 
country is that we have, as a rule, fewer plants on an equal area. 
Not only are wider rows and more space between hills the common 
rule, but various other avoidable causes result in a poor stand. When 
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one travels through the country seeking the causes of low yields they 
are not hard to find. Imperfect preparation of the ground leaves a 
poor seed bed. The seed potatoes may be unselected, more or less 
diseased, cut too small, and carelessly planted. All these factors 

combine to produce a broken stand. Many of our fields outside of 
the leading potato districts. have only half the number of plants that 
would be found in a Scotch or German field. 

Carelessness is inexcusable, but the cheapness of our land and the 
dearness of our labor may justify wider spacing in many localities, 
if the use of implements is thereby favored. 

FERTILIZATION AND CULTURE. 

The use of commercial fertilizers is universal in Germany, but is 
unknown in the western potato districts and is only in an experi- 
mental stage in the Central States. We shall doubtless find it to our 
profit to use more fertilizers, following the example set by those dis- 
tricts in Maine, New York, and the Atlantic trucking belt where 
potato growing is now most ‘prosperous. 
Rotation of crops is of fundamental importance to all permanent 

agriculture, but especially for the potato crop, for the control of 
diseases and the maintenance of production. Germany has a long 
rotation, three to seven years between potato crops, the United States 
having only the beginning of an ordered system. The importance of 
green manuring is not yet fully appreciated here. 

Thorough preparation of the land and frequent thorough cultiva- 
tions are essential. Those farmers who have mastered these points 
of manuring, rotation, and culture are producing crops which ap- 
proach European standards. The cost of production is, however, 
higher than it should be. 

CONTROL OF DISEASES AND INSECTS. 

American potato growers have more pests to contend with than 
European farmers. One, the late-blight, we have in common. In 
this field they have done more to produce resistant varieties, while 
we have excelled in spraying technique. The Colorado potato beetle 

and the potato flea beetle do not occur in Europe. Scab is not of 
importance there. Very much more has to be done here before we 
can feel that we are applying to the fullest extent our present knowl- 
edge relative to the control of insects and diseases. The advantages 

of spraying with Bordeaux mixture for the control of late-blight have 
been demonstrated annually for 10 years by the New York Agricul- 
tural Experiment Station at Geneva, yet last year millions of bushels 
of New York potatoes decayed because farmers failed to spray or 
did not spray thoroughly. | 
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The problem of securing a supply of disease-free seed has been 
met and solved in Germany in a manner that could profitably be 
adopted in the United States, since we now have to deal with the 
same type of disease, the leaf-roll. This can not be detected by an 
examination of the seed, and an inspection of the growing crop 
becomes necessary. 

In Germany this inspection is made upon request by expert repre- 
sentatives of the chamber of agriculture or of the German Agricul- 
tural Society, and certificates are issued to owners of disease-free 
crops. ; 

Such a plan for the United States would be better if carried out 
by the cooperation of potato growers’ associations, the State experi- 
ment stations, and the United States Department of Agriculture, 
rather than through legal enactment. It would be especially valuable 
to the growers in western districts where leaf-roll is prevalent and 
to southern truckers who require seed free from blackleg, scab, and 
dry-rot. The benefit would not be confined to the purchaser, who is 
in this way assured of the quality of his seed stock, for the producer 
would profit equally by the certification of his improved stock. 

SHOULD WE INCREASE OUR PRODUCTION? 

Under present conditions there are seasons of favorable weather, 
when the potato production of the country fully meets existing de- 
mands, and in some years the demand is, indeed, exceeded and the 
price falls below the cost of production. Too frequently, also, 
through drought or heat the crop is cut short and the price rises 
beyond what the consumer can afford to pay. 

This situation is very bad from an economic standpoint. Both 
producer and consumer suffer in the long run. The farmer runs too 
great a risk, and the retail price of potatoes frequently exceeds their 
food value. 

A commodity like the potato, which can not be preserved from one 
year to another, like grain, and which is too bulky to transport long 
distances, must be produced near the markets in ample quantities if 
stability of price is to be secured. 

FOREIGN SUPPLY NO LONGER AVAILABLE. 

In previous years of scarcity, potatoes have been imported from 
Europe in large quantities—7,000,000 bushels in 1901, 8,000,000 in 
1908, and 13,000,000 in 1911. With them, however, came diseases 
hitherto unknown in America, like the blackleg and scurf and 
powdery scab; and the danger of importing the still more dreaded 
wart disease led the Secretary of Agriculture in September, 1912, 
to prohibit the importation of potatoes from Great Britain, Ger- 
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many, and Austria-Hungary, and from Newfoundland and near-by 
islands where the wart disease had already gained a foothold. The 
first-named countries have been the principal sources of foreign 
supply. 
With our great resources, it should be entirely unnecessary for us 

to import potatoes, but unless the production is increased and 
maintained, years of shortage may recur and a serious condition 
arise. 

AN OUTLET FOR SURPLUS PRODUCTION NEEDED. 

The problem of supplying a nation with this important foodstuff 
at a reasonable price regardless of annual variations in yield has 
-been solved by Germany. 

There should be produced here, as in Germany, more potatoes 
than are required for table use and a profitable outlet developed 
for the surplus. The half of the German crop destined for stock 
food, alcohol, and starch constitutes an inexhaustible reserve, from 
which deficiencies in the supply of table potatoes may be filled. 
That this is effective is shown by the fact that the difference between 
the highest and lowest average monthly prices for potatoes in 
Berlin during five years was only 27 cents per bushel, while the 
fluctuation in Chicago during the same five years was $1.34. Until 
a surplus above the needs for table purposes 1s produced and means 

are provided for disposing of it at a profit to the grower the present 
succession of fat and lean years must be expected, and just so long 
potato growing for market will be a speculative enterprise. 
We are not prepared to answer the question, In what way can 

surplus potatoes best be disposed of? This problem should receive 
the fullest investigation, and hand in hand with it should go meas- 
ures for an increased potato production and for the lessening of the 
cost of production per bushel. 

POSSIBLE USES FOR SURPLUS POTATOES. 

INCREASED DOMESTIC CONSUMPTION. 

Under the present system the retail prices for vegetables, especially 
when purchased in small quantities, are not very responsive to lower 
farm prices; consequently, consumption does not increase in seasons 
of plentiful harvests as much as would be the case if through better 
methods of distribution the price to the consumer were lowered. 
It is conceivable that changes along these lines would make it pos- 
sible to market a great many more potatoes. 

STOCK FEEDING. 

It is quite likely that the utilization of potatoes in the United 
States may follow the same course of development as in Europe. We 
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‘have already noted that the principal uses made of the potato, aside 
from home consumption, are as stock food, for starch making, for 
the manufacture of alcohol, and for drying. That potatoes may be 

profitably used for feeding to swine is indicated by the fact that 
nearly 40 per cent of the entire German production is now so used. 

Observation of the German feeding practices shows that the potato 
is, however, merely one component of a carefully planned ration. 
The potatoes are cooked and mixed with various farm by-products, 

such as skim milk, barley waste, linseed meal, peanut meal, etc. The 
quantity of potatoes recommended to be fed daily to each hog does 
not exceed 10 pounds. It is estimated that potatoes have a value of 
25 cents per bushel for direct feeding. The difficulty in American 
potato districts is that the agriculture is not yet sufficiently diversi- 
fied; the swine are not there to be fed. This will, however, be over- 
come as time passes and farm practices become better organized; 
then very large quantities of potatoes could be so utilized. 

STARCH. 

A certain quantity of potato starch is used in this country for 
sizing in cotton mills, for which purpose it is preferred to corn- 
starch. We have produced an average of 20,000,000 pounds of potato 
starch annually and have made large annual importations from 
Germany in addition. In 1910 there were imported 10,606,200 pounds 
of starch and 4,424,200 pounds of potato dextrin. 

The manufacture of starch from potatoes in this country is at 
present confined to the utilization of culls and of potatoes unfit for 
storage or shipment because of partial infection with tuber rot. The 
margin of profit is not large, in spite of a protective tariff of one 
cent per pound. The factories are able to run only six weeks in -the 
year, and the interest and other overhead charges are therefore high. 
It seems possible to make some economic improvements in this 
system by introducing new factory methods, and the quantity of po- 
tatoes used could be increased, especially in districts remote from the 
markets, where a more rigid sorting should be practiced before ship- 
ment and-all inferior potatoes kept at home. This would not only 
tend to reduce freight charges, but would give the consumer in a 
distant market a grade of potatoes which would waste much less in 
preparation for the table and for which a relatively higher price 
could be paid than for the present unsorted shipments. There is a 
possibility also that a method may be worked out for drying culled 
and surplus potatoes on the farm and the dried product later used 
for starch making. The total quantity required would, nevertheless, 
not make a large impression on a surplus potato crop. 
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ALCOHOL. 

That the manufacture of alcohol from potatoes has not yet become 
established in the United States is due to various reasons. The 
price of potatoes marketable for other purposes has been too high, 
and no sufficient supply of culls and surplus potatoes has been avail- 
able. The average price for distilling potatoes in Germany for the 
five years 1906-1910 was 18.3 cents per bushel. It is probable that 
the farmers there would be less disposed to grow the crop if it were 
not for its indirect benefits, including the feeding value of the mash 
left after the distillation of the alcohol. 

Tt is quite conceivable, however, that the rapid increase in the 
use of direct-combustion engines for automobiles and other purposes 
may within a few years so deplete the supply of gasoline that alcohol 
can be made here at a profit. 

DRYING POTATOES. 

The potato-drying industry in Germany, as has already been noted, 
is the last development in the utilization of surplus potatoes, and 
came about only through the absolute necessity of finding an outlet 
for the surplus production that could not be consumed by the starch 
and alcohol factories. The rapid increase in the number of potato- 

drying factories in Germany shows great promise for this young 
industry, and should merit the careful consideration of our people as 
to whether the time has not already arrived for the introduction of 

this method into the United States, at least on an experimental basis. 
The problems to be met relate mainly to the present. cost of the labor 
in picking up and delivering to the factory the potatoes not market- 
able for table purposes. In many cases, however, it is necessary to 
remove these culls from the field to prevent the spread of potato 
diseases, and it would seem that the drier would pay for the labor 
involved. The dried product is adapted for many purposes. Not 
only cattle but horses have been fed the dried potatoes as a substitute 
for grain with perfect satisfaction. 

SUMMARY. 

The potato occupies a leading place in agriculture in Germany. 
The acreage is more than double that of the United States and the 
crop harvested more than four times our total. 

Of these potatoes 40 per cent are fed to stock, 28 per cent are used 
for table purposes, 12 per cent for seed, 6 per cent for alcohol, 4 per 
cent for starch and related products, and 10 per cent decay. 

The per capita consumption for food is 7.3 bushels per year in 
Germany, as compared with an estimate of 2.6 bushels in the United 
States. 
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A maximum acreage of potatoes is sought to secure the indirect 

benefits from the increased productivity of the soil, the control of 
weeds, and the use of by-products for feeding and manure. 
Much of the United States is too hot in summer to compete with 

Germany in potato growing. Here corn fills the place very effectively. 
The most northern States may effect great improvements through 
‘better varieties, more liberal fertilizing, more thorough culture, and 
better control of insects and diseases. 
We must hereafter produce enough potatoes to supply all our 

needs, as most sources of foreign imports have been closed by a plant- 
disease quarantine. 

To do this economically we should find a profitable outlet for a 
surplus production, so that the producer may always receive a return 
for his crop and the consumer always purchase at a reasonable price. 

The most promising use for culls and surplus potatoes appears to 
be in feeding hogs. There are possibilities in starch and alcohol and 
some hope of adapting the method of drying now used in Germany. 
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THE SHRINKAGE OF SHELLED CORN WHILE IN 
CARS IN TRANSIT. 

By J. W. T. Duvet, Crop Technologist in Charge of Grain Standardization 

Investigations, and LAuREL DuvaL, formerly in Charge of the Grain Stand- 

ardization Laboratecry at Baltimore, Md. 

INTRODUCTION. 

In January, 1910, special investigations were begun at Baltimore, 
Md., to determine the amount of natural shrinkage or loss in weight 

of shelled corn containing various percentages of moisture during 
transit in cars and while in storage in elevators.’ 

The data on’ shrinkage contained in these pages comprise the results 
of four special shipments of corn from Baltimore, Md., to Chicago, 
Til., and return. The first experiment, made April 15, 1910, was in 
cooperation with the Baltimore & Ohio Railroad Co. The second, 
third, and fourth experiments were made in cooperation with the 
Pennsylvania Railroad Co. The second shipment was made on 
December 24, 1910; the third, March 2, 1911; and the fourth, May 

11, 1911. The losses in weight shown for the various shipments de 
not include the losses in loading or unloading, but simply the natural 

shrinkage in the weight of the corn while in the cars. 

METHODS USED IN DETERMINING SHRINKAGE IN CORN. 

Lhe freight cars used in these experiments were especially selected, 
uniform in design and condition, and specially coopered to make them 

grain tight. The cars were held together on the track for several 
days prior to loading, so that there would be no variation in their 
weight due to differences in the condition of the wood. An empty 
box car of the same series and condition was moved in the same train 
with the loaded cars, as a check in determining the variation in 
weight due to the absorption or evaporation of moisture by the cars 

1The results of the first experiment of the series on the shrinkage of shelled corn in 

Storage were published as Circular 81, Bureau of Plant Industry, U. S. Department of 

Agriculture. 
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under varying weather conditions. A standard scale test car was 
also attached to each shipment, and all scales were carefully tested 
prior to weighing the cars. Each shipment was accompanied by a 
representative of the United States Department of Agriculture, for 
the purpose of making weighings en route at certain division points 
and of keeping a complete record of the changes in the temperature 
of the corn. The temperature records were taken by means of elec- 
trical resistance thermometers, which were placed in the corn at the 
time of loading, as shown in figure 1. In all of the shipments, with 
the exception of the first, two cars were loaded from each lot of corn. 
In the second, third, and fourth shipments one car from each lot of 

¥} . 
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Fic, 1.—Sectional view through the center of a freight car, showing the position of the 

; six electrical resistance thermometers in the stored corn. 

corn was shipped from Baltimore to Chicago and return, while the 
duplicate cars of corn from each lot, together with an empty box car 
of the same type, were held on the track in the yards at Baltimore. 

FIRST EXPERIMENT, APRIL 14 TO MAY 11, 19160. 

CORN LOADED INTO CARS. 

On April 14, 1910, five cars were loaded with shelled corn from 
the Locust Point elevators of the Baltimore & Ohio Railroad Co., 
Baltimore, Md. The amount of corn contained in each car varied 
from 65,920 to 67,160 pounds, with an average of 66,832 pounds, or 
slightly more than 1,193 bushels. The different lots of corn used in 
this experiment were taken from the regular stock in the elevators 
and were selected primarily with the view to having corn with a 
relatively wide range in moisture content. Before loading, each lot 
was thoroughly mixed by handling in the elevator, so that the quality 
and condition of the corn would be uniform throughout the car. At 
the time of loading, each car was equipped with six electrical resist- 
ance thermometers, as shown in figure 1. These thermometers were 
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placed in the corn in different parts of the car, in order that the tem- 
perature of the corn at those points could be ascertained at any time 
during the experiment without opening the car, the thermometers 
being connected with wire leads which extended s the outside of the 
car. The average condition and quality of the corn in each car at 
the beginning of the experiment, as represented by the analyses of 
samples taken when the corn was loaded into the cars, is shown in 
Table TI. 

TABLE L—Condition end peuarias of the corn when loaded into each car on April 
14, 1910, for the first experiment. “ 

. Weight Badl 
Car No. Peswue poe per coe dirt, Beeeee 

< i bushel. eur kernels. 

Per cent. | Per cent. | Pounds. | Per cent. | Per cent. 
Lee peeiciGDOO> ROBE CSS SE Ere Rae ee te 19.8 93.2 §3.1 1.1 5.0 
Bc Gehan Ree GRRE CEERI he EET ae eRe ANSE Unc neer rss 18.6 95.9 53.6 ao Sol 
Jc cece poo SSO RTOS EEO BEE Ecos hte Biel eae eee ne 17.8 96. 0 54.1 oi 4.9 
be bb 3.352 Re RC RED EE FORO O CE SEINE IO eEIe Sere en 17.4 97.4 55.0 oth 4.2 
cack et ys tyes a pe eRe eevee ae ee A) RR 16.7 94,1 54.0 1.3 5% 

As will be seen by Table I, the average moisture content of the 

corn when loaded into car No. 1 was 19.8 per cent. The corn in 
car No. 2 contained an average of 18.6 per cent of moisture. ‘The 
corn in car No. 3 was a mixture of the same kind of corn as that 
contained in cars No. 2 and No. 5, the average moisture of the mix- 
ture being 17.8 per cent. The average moisture content of the corn 
in car No. 4 was 17.4 per cent, and the corn in car No. 5, which had 
been artificially dried, contained an average of 16.7 per cent of 
moisture. 

SHRINKAGE IN THE WEIGHT OF THE CORN. 

The amount of corn placed in each car and the shrinkage in weight 
while the corn was in the cars from April 14 to May 11, 1910, to- 

gether with the average temperature of the corn in each car at the 
time of loading and unloading, are shown in Table IT. 

TasiE II. reg EU or loss in weight, and temperature changes on each of 
5 cars of corn used in the first experiment. 

Caran wintsn Londieal: Shrinkage, or loss } Average tempera- 
in weight. ture of corn when— 

Car No. 

; Moisture| Net Es Unload- 
content. | weight. Pounds. | Per cent.| Loaded. AGL. 

Pe cent. | Pounds. O70! °F. 
8 | 67,120 2,450 3.65 58 1394 
6| 67,120 320 .48 52 84 

17.8 | 65,920 290 As 54 82% 
4) 67,160 180 OY 54 58h 
7| 66,940 120 .18 58 62 
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It will be seen by Table II that the loss in weight of the corn 
from the time the cars were loaded on April 14 until they were un- 
loaded May 11, 1910, varied according to the moisture content. The 
corn in car No. 1, which contained an average moisture content of 19.8 
per cent, showed a total shrinkage in weight of 2,450 pounds, or 3.65 
per cent. The natural shrinkage in the weight of the corn in car No, 
3, which contained an average moisture content of 17.8 per cent, 
showed 4 loss of 290 pounds, or 0.44 of 1 per cent. The corn in car 
No, 4, with 17.4 per cent of moisture, lost 0.27 of 1 per cent, while the 
corn in car No. 5, which was artificially dried corn and contained 16.7 
per cent of moisture, showed a shrinkage of 120 pounds, or 0.18 of 1 
per cent. 

The heavy loss occurring in car No. 1 was due to the fact that this 
corn showed a marked deterioration during the experiment. It was 
hot, sour, and discolored at the time of unloading, the average tem- 
perature of the corn being 139.5° F. These same factors, with the 
addition of the records of the mean daily air temperature through 
which the cars passed while en route from Baltimore to Chicago and 
return, and also the average temperature of the corn during the 

period covered by the experiment, are graphically presented in fig- 
ure 2. By examining the data shown in this diagram it will be seen 
that the natural shrinkage increased with the increase in the moisture 
content of the different lots of corn; likewise, there is a close corre- 
lation between the moisture content of the corn and the increase in 
temperature resulting from the deterioration of the high-moisture 
corn. 

The average temperature of the corn in the five cars immediately 
after loading varied from 52° to 58° F., or practically the same as the 
air temperature when the corn was loaded. The corn in car No. 1 
showed an increase in temperature of 15 degrees from April 15 to 
April 20, while the temperature of the corn in the other four cars 
during this time remained practically the same as when loaded. The 
increase in temperature in car No. 1 was undoubtedly caused by the 
fact that the corn in that car contained the highest percentage of 
moisture, 19.8 per cent. The relatively warm air temperature which 
prevailed at that time, together with the high moisture content of 
the corn, afforded favorable conditions for fermentation and the de- 
velopment of molds, resulting in a corresponding deterioration of 
the corn. On April 21 there was an increase of 6 degrees in the 
temperature of the corn in car No, 1 over the previous day. At this 
time the cars were passing through a much colder atmosphere, the 
mean daily air temperature decreasing from 52° on April 20 to 36° F. 
on April 21. During the same period the temperature of the corn in 
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the other four cars did not show an increase; in fact, the tempera- 
ture of the corn in two of the cars decreased slightly. 

Figure 2 also shows that the mean daily air temperature from . 
April 21 to April 27 was much lower than the average temperature 
of the corn in any of the cars, varying from 36 to 40 degrees. As a 
result of this low air temperature the temperature of the corn in all 

of the cars decreased slightly, except that in car No. 1, which 

AECNEEL PPE| CAR 
N CORN = 

(gaz [7] 
SHRINKAGE /N WEIGHT 

MAPA i Ge! Simppay 
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erty eet tek a all a = TEMP. OF CORN 
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Behera Paes SSS = a 

Sse ttt 
ee et Sle FA Leerol - unlbiilinal 

Fic. 2.—Diagram showing the shrinkage in weight of the corn in each of five cars in 

transit from Baltimore to Chicago and return, the average temperature of the corn in 

each ear, and the mean daily air temperature through which the cars passed from 

April 14 to May 11, 1910. 

“TEMPERATURE °FAHR. 

showed an increase form 79° on April 21 to 135.5° F. on April 27, 
the deterioration being so rapid as to overcome or conceal any in- 

fluence of the air temperature. The highest temperature of the corn 
in car No. 1 was 142° F., which was reached on May 3. On May 7 the 

-average temperature was 139° F. This temperature prevailed until 
May 11, at which time the corn was unloaded and found to be very 
badly damaged. 
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The corn in car No. 2 did net show any appreciable increase in 

temperature until May 4, at which time the temperature of the corn 
was 61° F., an increase of 7 degrees over the record of the previous 
day. This increase in temperature was probably influenced to some 
extent by the air temperature, the mean daily air temperature having 

increased from 52° on May 2 to 62° F. on May 3. The tempera- 
ture of the corn in this car at the end of the experiment on May 11 
was 84° F. Ina few more days it would undoubtedly have been hot 
and sour. 

The corn in car No. 3 did not show any great variation in tempera- 
ture until May 6, at which time the average temperature of the 
corn was 60°, as compared with 54° .F. at the beginning of the 
experiment. At the termination of the experiment, when car No. 3 
was unloaded the average temperature of the corn in that car was 
82.5°, as compared with an average of 84° F. for the corn in car 
No. 2. The corn containing 17.4 per cent of moisture in car No. 4 
and the artificially dried corn in car No. 5, containing 16.7 per cent 
of moisture, did not show any marked increase in temperature 

throughout this experiment. 
Tt will be noticed that the temperature of the corn in the cars was 

influenced to a limited extent by the temperature of the atmosphere; 
that is, when there was a sudden drop in the temperature of the 

air, as on May 5, the corn also decreased slightly in temperature, 
except the cars of corn that had begun to deteriorate. The heat 
generated during the process of deterioration of the corn concealed 

any influence exerted by the temperature of the air. 

SECOND EXPERIMENT, DECEMBER 24, 1910, TO JANUARY 20, 1911. 

CORN LOADED INTO CARS. 

On December 24, 1910, four lots of corn, each lot consisting of 
approximately 2,400 bushels, were selected at the elevators of the 
Pennsylvania Hated Co., at Baltimore, Md. The corn was 

selected according to thane content, va each of the four lots 
was first thoroughly mixed in the elevator before loading into 
cars. Two cars were loaded from each lot, one being forwarded 
from Baltimore to Chicago and return, over the Pennsylvania lines 
via the Fort Wayne route, while the duplicate car of each lot was 

held on the track in the Canton yards at Baltimore. Eight cars 
consequently were included in the experiment, in order to study 

the effect of atmospheric conditions on the shrinkage in weight and 
rate of deterioration. The cars held on the track at Baltimore were | 
weighed, and temperature records were taken on the same days that 
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weighings and temperature readings were made on the cars in transit. 
These eight cars were each equipped with six electrical resistance 
thermometers, the relative position of which is shown in figure 1. 

The average condition and quality of the four lots of corn at the 
beginning of the experiment, as represented by the results of the 

analyses of samples taken when the corn was being loaded into cars, 
are shown in Table III. 

TABLE II].—Factors showing the condition and quality of each lot of corn in 
the second experiment when loaded into cars on December 24, 1910. 

Weight -.| Badly 
Lot eee er Moisture | Sound Cob, dirt,) 

Car designation and movement. er 4. ”, broken No. 8 content. corn. ear ete. | kernels. 

ce | 

i Per cent. | Per cent.| Pounds. | Per cent. | Per cent. 
Car 1-C, transit, Baltimore to Chicago and |] 

es TOUTING DS AA Ae Ha Ss 22.0 94.3 50.9 0.2 2.5 
Car 1-B, held on track in Baltimore yards...- 
Car 2-C, transit, Baltimore to Chicago and 

Piel ieGlngciigital Co, Sain J i AS NLC le i 19.0 96.9 54.1 ub 3.5 
Car 2-B, held on track in Baltimore yards. - 
Car 3- e transit, Baltimore to Chicago and ||] 

eSddce SRECRCUR as ae See Ge ahh ed Aen aa i 17.0 98. 2 55. 4 3 3.1 
Car 3-B, held on track in Baltimore yards. . 
Car 4C, transit, Baltimore to Chicago and 

Bint. (POUT dae liek ee UR OR 9 emo, Se 13.3 97.9 56. 2 4 12.1 
Car 4-B, held on track in Baltimore yards.... 

Tt will be seen by reference to Table III that the average moisture 
content of the corn in lot No. 1 was 22 per cent; lot No. 2, 19 per 
cent; lot No. 3, 17 per cent; and lot No. 4, 13.3 per cent—a range of 
8.7 per cent. Special attention is also called to the low weight per 
bushel of the corn from lot No. 1, containing 22 per cent of moisture, 
and the high percentage of the badly broken corn in lot No. 4. Much 
of this broken corn was of the consistency of coarse flour or meal. 

SHRINKAGE IN THE WEIGHT GF THE CORN. 

The quantity of corn placed in each car, the shrinkage in weight 
while in the cars from December 24, 1910, to January 20, 1911, to- 

gether with the average temperature of the corn in each car at the time 
of loading and unloading, are shown in Table TV. These same data 
are presented diagrammatically in figure 3. In addition to the natural 
shrinkage in weight and the other data given in Table IV, figure 3 
also shows the mean daily temperature of the air through which the 
cars passed while en route from Baltimore to Chicago and return, 
together with the average temperature of the corn in each car, as 
compared with hke observations made on the corresponding lots of 
corn held on the track in the railroad yards at Baltimore. 
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TABLE 1V.—Weight of corn in each car immediately after loading on December 
24, 1910, and the shrinkage, or loss in weight, together with the moisture con- 
tent at time of loading and the average temperature of the corn at time of 
loading and unloading. 

; Shrinkage, or loss | Average tempera- 
Moisture | wot corn in weight. ture of corn when— 

Lot | content 
No, | Car designation and movement. | of corn lich 
| when | loaded. Un- 

loaded. | Pounds. | Per cent. | Loaded. loaded. 

\(Car 1-C, transit, Baltimore to Chi- |) Per cent.| Pounds. es ase 
1 cago and return........--.-.:..-- 22.0 67,140 180 0.27 31.0 33.0 
Bee ')Car 1-B, held on track in Baltimore mG 

[ee yards. Ee eos sare sec eae 67,140 230 34 31.0 38.2 

sclompanireie a tacesc tau Waitt ee ecla et 
ss ei ti ! 

[eae sore domect t aliine cro] seo] at} ano]. 
Ce een eee bei cy lees Sia ae ets 7 

eo ee ee so,s00| 20] 08] 0.0] aaa 
Ue Gee ee Gere et Me 

(Pues oem ta peed ez aa 2 Bec 2 eg 

As shown in Table IV and figure 3, the car containing corn of 22 
per cent moisture which was shipped from Baltimore to Chicago and 
return lost 0.27 of 1 per cent, while the car containing the same kind 
of corn but which was held on the track at Baltimore lost 0.34 of 1 
per cent. The corn from lot No. 2, containing 19 per cent of moisture, 
showed a loss in weight of 0.21 of 1 per cent for the car en route from 
Baltimore to Chicago and return, as compared with a loss of 0.24 of 
1 per cent for the cup eale car held on the track at Baltimore. The 
reverse is true, however, of the corn containing 17 per cent of moist- 
ure. In this lot the ene was 0.09 of 1 per cent in the corn in 
transit and only 0.04 of 1 per cent in the car of corn that remained on 
the track at Baltimore. It should also be noted in this connection 
that this lot of corn was of exceptional quality, showing the highest 
percentage of sound corn at the beginning of the experiment. The 
corn with 13.3 per cent of moisture lost 0.13 of 1 per cent in transit 
and 0.16 of 1 per cent on the track at Baltimore. Avs in the first ex- 
periment, the losses in weight of the four lots of corn used varied 
according to the moisture content of the corn, with the exception of 
lot No. 4. The fact that this lot of corn, which had an average 
moisture content of 13.3 per cent, lost more in weight than the corn 
that contained 17 per cent of moisture was probably due to the excep- 
tionally good quality of the corn in lot No. 3, or possibly to the ad- 
mixture of a larger percentage of finely broken corn in lot No. 4, 
although no leakage, even of the finely broken corn, could be de- 
tected in any part of the cars. 

As shown in Table IV and figure 3, the temperature of the corn at 
the time of loading it into the cars which were shipped from Balti- 
more to Chicago and return ranged from 30° to 34°, with an average 
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of 31.5° I’. for the corn in all of the cars. At the time of unloading 
the range in temperature was from 29° to 33°, with an average of 

30° F., or an average decrease of 1.5 degrees. The average tempera- 
ture of the corn at the time of loading it into the cars which were 
held on the track in Baltimore ranged from 30° to 35°, with an av- 
erage of 31.5° F. for the corn in all the cars. At the time of unload- 
ing the temperature ranged from 31.7° to 38.2°, with an average of 
33.9° F. This is an average increase of 2.4 degrees, as compared with 
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hie, 3.—Diagram showing the loss in the weight of the corn, the average temperature of 

the corn in each of four cars in transit from Baltimore to Chicago and return, and 

also the mean daily air temperature through which the cars passed, as compared with 

the same factors on the four duplicate cars of corn held on the track at Baltimore in 

the second experiment. 

an average decrease of 1.5 degrees for the cars moved from Baltimore 
to Chicago and return. This variation in the temperature of the 
corn was due to the wide difference in air temperature between 
Baltimore and the western points, as shown in figure 3, page 9. 

The condition of the corn in the second experiment was practically 
the same at the end as at the beginning of the test. This is shown in 
figure 3 by the fact that the average temperature of the corn in the 
ears did not increase to any great extent from the time they were 
loaded until they were unloaded. 

14901°—Bull. 48—13-__2 
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THIRD EXPERIMENT, MARCH 2 TO MARCH 29, 1911. 

CORN LOADED INTO CARS. 

On March 2, 1911, four lots of corn were selected and two cars 
were loaded from each of the four lots. This corn was selected and 
handled in the same manner as that in the second and fourth experi- 
ments, one car from each lot of corn being held on the track at Balti- 
more, while the duplicate car from each lot was forwarded to Chi- 
cago and returned to Baltimore via the Pennsylvania Railroad. The 
eight cars were equipped with electrical resistance thermometers as 
in the two preceding experiments. 

The average condition and quality of the corn in each lot at the be- 
ginning of the experiment, as represented by the results of the analy- 
ses of samples taken when the corn was being loaded after it had 
been thoroughly mixed in the elevator, are shown in Table V. 

TaBLe V.—Factors showing the condition and quality of each lot of corn in the 
third experiment when loaded into cars on March 2, 1911. 

: Weight : Badly 
rat Car designation and moyement. Moisture Sound per oe broken 

_ | bushel. kernels. 

Per cent. | Per cent.| Pounds. | Per cent. | Per cent. 
Car 1-C, transit, Baltimore to Chicago and re- 

5 aeeee | GRBs sie Pees rath oe cet hk ee Deane le 21.6 94.8 51.9 0.2 4.0 
Car 1-B, held on track in Baltimore yards. . | 
Car 2-C, transit, Baltimore to Chicago and re- 

ee [pit a gen Te es SERED Se ee rere | eae oa 19.9 95.1 58.3 2 3.6 
Car 2-B, held on track in Baltimore yards....- ; 

| (Car 3-C, transit, Baltimore to Chicago and re- 
5 ies GUT. oe ee ee ne PR acl tape 17.4 97.0 55.9 2 4.2 

Car 3-B, held on track in Baltimore yards.. 
Car 4-C, "transit, Baltimore to Chicago and re- 

4.1... ARLTER oc om Rai Seah NE pete hs 14.1 98.0 56.5 1.0 17.2 
Car 4-B, held on track in Baitimore yards.... > 

From Table V it will be seen that the average moisture content of 
the corn in lot No. 1 was 21.6 per cent; lot No. 2, 19.9 per cent; lot 
No. 3, 17.4 per cent; and lot No. 4, 14.1 per cent. The percentage 

of sound corn ranged from 94.8 per cent in lot No. 1 to 98 per cent 
in lot No. 4. 

SHRINKAGE IN THE WEIGHT OF THE CORN. 

The quantity of corn placed in each car, the shrinkage in weight 
while in the cars from March 2 to March 29, 1911, and the average 

temperature of the corn in each car at the time of loading and 
unloading are given in Table VI. These same factors, together with 
the daily mean temperature of the air through which the cars passed 
in transit from Baltimore to Chicago and return, and the daily 

average temperature of the corn in each of these cars, as compared 
with like records made in connection with the cars held on the track 
in the Pennsylvania Railroad yards, at Baltimore, are shown in 

figure 4. 
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TABLE VI.—Weight of corn in each car immediaiely after loading on March 
2, 1911, and the shrinkage, or loss in weight, together with the moisture con- 
tent at time of loading and the average temperature of the corn at time of 
loading and unloading. 

: Shrinkage or loss | Average tempera- 
, seaibeate NBhcort in weight. ture of corn when— 

ie Car designation and movement. of corn Bcd 

: when | toaded | Un- 
loaded. Pounds. | Per cent.| Loaded. andere 

Per cent.| Pounds. oR. 2 oe 
Car 1-C, transit, Baltimore to Chi- 

1 CASO/ANG TeWUInM = -hee 2c see 21.6 67,170 390 0.58 40.8 | 112.0 
en Car 1-B, held on trackin Baltimore 2 

WEG RS ye o sean ecaoeerer oe sense 67, 200 400 -o9 40.0 109.7 
Car 2-C, transit, Baltimore to Chi- 

2 CALMANGMEbIEM- 52. cee yee 19.9 66, 970 160 .24 40.0 41.5 
paigoty Car 2-B, held on trackin Baltimore 

WEG Res seasons oe ee ee aes 66, 740 175 . 26 40.0 41.5 
Car 3-C, transit, Baltimore to Chi- 

3 e2zomndirenurnm.- 2 222 ee ee 17.4 56, 600 130 23 40.0 | 40.7 
oe Car 3-B, held on trackin Baltimore 

VEO 6 peeobeasoteeaee eee ees 56, 350 130 -23 40.0 40.5 
Car 4-C, transit, Baltimore to Chi- | 

4 eaeorand neti: - 225.22 eae 14,1 66, 580 100 3 115) 40.0 | 41.3 
eae Car 4-B, held on trackin Baltimore | 

VAT OSE. tacts toes see bse nie cee ane 66, 250 70 ela 40.0 | 41.3 
1 | | | 

As shown in Table VI and figure 4, the shrinkage, or loss in weight, 
of the corn varied according to the moisture content. The cern 
containing 21.6 per cent of moisture lost 0.58 of 1 per cent when en 
route from Baltimore to Chicago and return, while the duplicate car 
of corn held on the track at Baltimore showed a shrinkage in weight 
of 0.59 of 1 per cent. The car of corn which contained 19.9 per cent 
of moisture lost 0.24 of 1 per cent in transit, while the duplicate lot 
in the car which was held on the track at Baltimore showed a loss of 
0.26 of 1 per cent. The corn from lot No. 3, containing 17.4 per cent 
of moisture, showed the same shrinkage in transit as the car of corn 
which remained on the track at Baltimore—0.23 of 1 per cent. The 
corn from lot No. 4, containing 14.1 per cent of moisture, showed 0.15 
of 1 per cent loss in weight while on the car in transit, as against 0.11 
of 1 per cent loss on the corn in the duplicate car at Baltimore. 

In this experiment the losses in weight were practically the same 
on the cars of corn in transit as on the cars held at Baltimore. By 
consulting the temperature records shown in figure 4 it will be seen 
that there was not such a marked difference in the air temperatures 
at Baltimore and at western points during the third experiment as 
occurred in. the second experiment, which is illustrated in figure 3, 
page 9. The air temperature through which the cars passed en 
route from Baltimore to Chicago and return was lower on several 
days than the air temperature at Baltimore, but this difference oc- 
curred only for three or four days at most, and on several days the 
air temperature surrounding the cars in transit was higher than the 
air temperature at Baltimore. The difference between the air tem- 
perature at Baltimore and at western points during this experiment 
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was so slight that it did not affect the temperature of the corn ap- 
preciably, ‘and consequently the losses in weight were pr actically the 
same on the cern in transit as on the corn at Baltimore. 

The corn in the two cars loaded from lot No. 1 of the third ex- 
periment showed a marked deterioration at the end of the test. This 
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Fic, 4.—Diagram showing the loss in the weight of the corn, the average temperature of 

the corn in each of four cars in transit from Baltimore to Chicago and return, and 

also the mean daily air temperature through which the cars passed, aS compared 

with the same factors on the four duplicate cars of corn held on the track at Balti- 

more in the third experiment. 

deterioration was due almost entirely to the high moisture content of 
the corn, which became hot in the cars as a result of fermentation 
and the development of molds. On March 22 the average tempera- 
ture of the corn in each of the two cars was approximately 55° F. 
At the end of the experiment the average temperature of the corn in 
the car that remained on the track at Baltimore had increased to 
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109.7°, while that of the corn in transit had increased to 112° F. The 
high temperature accompanying the deterioration accounts for the 
very large natural shrinkage occurring in these cars. 

The corn in the other six cars remained at practically the same 

temperature throughout the experiment, showing only a shght in- 

erease from the time of loading until the time of unloading. This 
slight increase in temperature was probably due to the fact that the 
atmosphere was generally warmer during the latter part of the ex- 
periment rather than to any increase in temperature resulting from 
fermentation, as the corn was in good condition when unloaded. 

FOURTH EXPERIMENT, MAY il TO JUNE 1-3, 1911. 

CORN LOADED INTO CARS. 

On May 11, 1911, eight cars were loaded with corn, two cars each 
from four special lots which had been selected according to moisture 
eontent. Prior to loading into the cars, each lot was thoroughly 
mixed in the elevator. One car of corn from each lot was held on the 
track at Baltimore, while the duplicate car of each lot was forwarded 
to Chicago and returned to Baltimore via the Pennsylvania Railroad. 
The cars were equipped with electrical resistance thermometers, 
which were located in the grain in the same manner as in the three 
former experiments. 

The average condition and quality of the corn in each lot at the 
beginning of the experiment, as represented by the results of the 
analyses of samples taken when the corn was being loaded, are shown 
in Table VII. 

TasLe VII.—faclors showing the condition and quality of each lot of corn in 
the fourth experiment when loaded into cars on diay 11, 1911. 

cari Weight Badly 
pot Car designation and movement. Proistuze Bound per els dirt, broken 
No. : - | bushel. ue. kernels. 

Per cent. | Per cent.| Pounds. | Per cent. | Per cent. 

WO ce beosbsonsoussonocemoeacecngeegsBnDls 18.2 89.9 54. 0 0.2 3.0 
|{Car 1-C, transit, Baltimore to Chicago and re- 

||Car 1-B, held on track in Baltimore yards.... 
Car 2-C, ’ transit, Baltimore to Chicago and re- | 

Dp rssal WUT. Sones enouroocosade oan bee eOUD oe peEuer = 17.8 91.1 54.1 2 3.2 
Car 2-B, held on track in Baltimore yards... if 
Car 3-C, transit, Baltimore to Chicago and re- 

Ri rte, i ULTIMA Ce IO EINe MEN ot 5! SNS Spepeyeta =: o/otaeees 16.9 95.7 50. 5 3 4.4 
Car 3b, held on track in Baltimore yards... - 
fat Halls transit, Baltimore to Chicago and re- “tf } 

ae UIT eo dena c cae COas S TREES eS ARSE RSI er 13.9 96. 2 56. 2 a Pade MI 
Car 4-B, held on track in Baltimore yards... 

It will be seen by referring to Table VII that the average moisture 

content of the corn in lot No. 1 was 18.2 per cent. The corn in this 
lot was considerably lower in moisture than the corn in lot No. 1 
of the second and third experiments. This was made necessary be- 

cause it was almost impossible to obtain corn having a moisture con- 
tent of more than 18 or 19 per cent that was sound and sweet at that 
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season of the year. The average moisture content of the corn in lot 
No. 2 was 17.8 per cent. In lot No. 3 the average moisture content 
was 16.9 per cent, while in lot No. + the average moisture content 
was 13.9 per cent. The average proportion of sound corn in each lot 

ranged from 88.9 per cent in lot No. 1 to 96.2 per cent in lot No. 4. 
Jt will be noted that the average percentage of badly broken corn was 
very high in lot No. 4, being 22.1 per cent. 

SHRINKAGE IN THE WEIGHT OF THE CORN. 

The quantity of corn placed in each car, the shrinkage in weight 
while the corn was contained in the cars, from May 11 to June 1 and 

(WOISTURECONTENT| CORN IN TRANSIT | __ Sa ee I aan ee 
(GAP IC -/N TRANSIT & Be /. 23 % 

DAR /B- ON TRACK 
LOT /~/8.2 % 

AR 26-IN TRANSIT 
if 2B-ON TRACK 

LOT2-/7.8% 

CAR 30- LOT 3- /6.9% i gaia Relea ICAR 3B -ON TRACK 

MAY 

7 19. 21 3 15 | 

LEGEND 

—CORM IN TRAN S/T, BALTIMOAE 
—~O— AJR [TO CHICAGO & RETURN 

& Mol sen fencrnane va 
ty 
s 
x ‘ 
= 
= 

Fic, 5.—Diagram showing the loss in the weight of the corn, the average temperature 

of the corn in each of four cars in transit from Baltimore to Chicago and return, and 

also the mean daily air temperature through which the cars passed, as compared with 

the same factors on the four duplicate cars of corn held on the track at Baltimore in 

the fourth experiment. 

» 3, 1911, and the average temperature of the corn in each ear at the 
time of loading and unloading are given in Table VIII. These same 
factors, together with the mean daily air temperatures to which the cars 
were exposed and the average temperature of the corn in the various 
cars throughout the experiment, are shown more in detail in figure 5. 
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Taste Vill.—Weight of corn in each car immediately after loading on May 11, 
1911, and the shrinkage, or loss in weight, together with the moisture content 
at time of loading and the average temperature of corn at time of loading 
and unloading. 

Petit Shrinkage, or loss | Average tempera- 
Moisture | net corn in weight. ture of corn when— 

Lai ; content cas | 
Ne | Car designation and movement. | of corn 1 - 

o when | 1). aca 
loaded. | ~O#°€¢- | pounds. | Per cent.| Loaded. ee 

c esas Cin Per cent. | Pounds. ea Ramen cit Rp ib 

i pe ae a si | 69, 850 850 £23 \- Ge 7.| 123.2 eee id Sct at Ce eal eas 8 | 
es CS lean 69,470 | 1,110 1.60 64.2 129.0 

ee ee. lh y 0, |S ROM PION cana se 82.8 
2..-.. Car 2-B, held on track in Balti- Bots 68.750 270 S| x 

pligep yarishs 2! ee tS , 7d - 0d 60. 0 95.7 

car #6, anit, Salinas to Chi soos] mm] moe) wr 
3.-.-- Car 3-B, held on track in Balti- Si 55.700 320 e ria 

mieropparee ls. hen le 53,7 a9 | G1.8 100, 2 

ee ee ce 65, 890 40 06; GLB) 72S 
4..... Car 4-B, held on track in Balti f 1° ane 7a fl tes 2 ae 

WP TIPOEe Wards cus eee eee TS oh | aE 9 : 
| | | 

From Table VIII and figure 5 it will be seen that the shrinkage in 
weight was much greater in the cars of corn that were held on the 
track at Baltimore than in those in transit. The mean daily air tem- 
perature through which the cars passed while en route, as shown in 
figure 5, was considerably less than the mean daily air temperature 
that surrounded the cars at Baltimore. This caused the temperature 
of the corn in the cars on the track at Baltimore to increase faster 
than that of the corn in transit, in that the higher air temperature 
not only warmed the corn, but also offered much more favorable con- 
ditions for the development of molds and bacteria and for the action 
of enzyms or other unorganized ferments; consequently, the natural 

shrinkage in the weight of the corn held at Baltimore was greater 
than that of the corn in transit. 

The shrinkage in weight of the car of corn in transit representing 
lot No. 1, containing 18.2 per cent of moisture, was 1.23 per cent, 
while the duplicate car that remained on the track at Baltimore lost 
1.6 per cent. The heavy losses occurring in these two cars were di- 
rectly due to the deterioration of the corn. As may be seen in figure 
5, on May 20 the average temperature of the corn from lot No. 1 
was 79.5° in the car held on the track at Baltimore and 75.3° in the 
car in transit. From May 20 until June 1 the temperature of the 
corn increased rapidly, and on the latter date the car of corn held at 

Baltimore showed a temperature of 129°, while the corn that had 
been shipped from Baltimore to Chicago and return showed an aver- 

age temperature of 121.2°. The corn in these two cars was in a 
very badly damaged condition when unloaded, on June 1. 
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In the second lot the loss in the weight of the corn shipped to Chi- 
cago and returned to Baltimore was 0.3 of 1 per cent. There was no 

appreciable increase in the temperature of this corn until May 25, 
at which time the average temperature of the corn in the car on 
the track at Baltimore was 71.3°. On June 1 the average tem- 
perature had increased to 95.7°. The corn that was in transit to 
Chicago showed an average of only 82.8° at the time of unloading, 
on June 1. This corn was only slightly damaged. It had, however, 

reached a point where the deterioration and the accompanying 
shrinkage would have been very rapid within the next few days. 
The car of corn from lot No. 3, containing an average moisture 

content of 16.9 per cent, lost 0.39 of 1 per cent in transit, while the 
joss on the same kind of corn in the duplicate car held on the track 
at Baltimore was 0.59 of 1 per cent. This corn was not unloaded 
until June 3, two days after the corn from the first and second lots 
was unloaded. At the time of unloading, the temperature of the 
corn in the car which was returned from Chicago was 85.7°, while 
the temperature of the corn in the car that remained on the track 
at Baltimore was 100.2°. As a result of the delay of two days in 
the time of unloading, the shrinkage in lot No. 3, containing 16.9 
per cent of moisture, was greater than the shrinkage in lot No. 2, 
which contained 17.8 per cent of moisture. If the corn from lot 
No. 3 had been unloaded on June 1, the loss in weight of the corn 
that was shipped to Chicago would have been 0.29 of 1 per cent and 
the duplicate car at Baltimore would have shown a loss of 0.44 of 1 
per cent. The loss in weight for those two days was 60 pounds in 
the car of corn returned from Chicago and 80 pounds for the car 

on the track. The average temperature of the two cars of corn from 
lot No. 3 on June 1 was also lower than the temperature of the two 
cars of corn from lot No. 2. In this connection it is important to 
note that the corn in lot No. 3 was fresh-shelled corn, while that in 
lot No. 2 was shelled in November or December, 1910. This factor 

had a considerable influence on the degree of deterioration and con- 
sequently had an effect on the amount of shrinkage. The car of 
corn from lot No. 4, containing 13.9 per cent of moisture, which 
was shipped from Baltimore to Chicago and return, lost 0.06 of 1 

per cent. The duplicate car from the same lot held on the track at 
Baltimore lost 0.11 of 1 per cent. 

SHRINKAGE AS AFFECTED BY THE TEMPERATURE OF THE CORN. 

Tn all cases the temperature of the corn immediately after loading 
into the cars was practically the same as the air temperature at the 

time of loading. 
Table IX gives the total losses in weight of the corn in all the 

cars in each experiment in transit, as compared with the corn from 
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the same lots on the track at Baltimore; also the average tempera- 
ture of the corn when loaded and just prior to unloading, together 
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Fic, 6.—Diagram showing the average loss in weight and the average temperature of 

the four cars of corn in transit from Baltimore to Chicago and return in each of the 

four experiments, compared with the average loss in weight of the four cars of corn 

from the same lots that were held on the track at Baltimore and the average moisture 

content of each of the four lots at the beginning of the experiments. 

with the average moisture content. These same factors are also 

shown diagrammatically in figure 6. 
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TasLte IX.—Z'otal amount of corn contained in each experiment, the average 
moisture content of the corn at the beginning of the experiment, and the 
average temperature of the corn immediately after loading and just prior to 
unloading. 

| In Average tem- | SRaAcit SUREAES or loss perature of corn 

f Held on N in weight. aaa 
Experi-| : rom {track in Wer COL ment | /etiod covered by | Balti- |"3.);;. | Moisture} incars 
No experiment. more to) Fhore content. after 
Wer Chicago Arik loading. 

j and |¥ . Pounds. | Percent. |Loaded.|,,. ie i sat 
return 

Per cent. | Pounds. eae ab 
7 ha eer Apr. 14 to May 11, | 5 ears.|...----- 18.1 | 334,270 3, 360 1.01 55.0 85.2 

1910. 
2....-.-| Dec. 24, 1910, toJan. {* CATS!) eee ee 17.9 | 258,350 460 -18 31.5 30.0 

DU, 19 1a ae eee Se 4 cars. 17.9 | 288,200 520 -20 31.5 33.9 
sees Mar. 2 to Mar. 29, & €ars {| sceeee =e 18.3 | 297,320 780 -30 40.2 58.9 

1911. ae 4 cars. 18.3 | 256,540 775 -30 40.0 58.3 
A a oe May 11 to June 1-3, |f4 cars.|..--.--- 16.7 | 261,710 1, 320 -50 60. 7 90.6 

101d meee es |\eee 4 cars. 16.7} 257,350 1,870 73 61.6 99.6 

in all of the experiments, with the exception of the first, four cars 
of corn differing in moisture content were shipped from Baltimore 
to Chicago and return and four duplicate cars of the same kind of 
corn were held on the track at Baltimore. 

Tt will be seen in Table IX and figure 6 that the average loss in 
weight of the four cars of corn in transit from Baltimore to Chi- 
cago and return in the second experiment, begun December 24, 1910, 
was 0.18 of 1 per cent. The four duplicate cars held at Baltimore 
showed an average shrinkage of 0.20 of 1 per cent. In figure 6 it 
will be noticed that the average temperature of the corn in the eight 
cars at the time of loading was 31.5° F. At the time of sallieeae 
there was a difference in temperature between the corn in transit and 
that on the track of 3.9 degrees, the temperature of the corn in 
transit having decreased 1.5 degrees, while that of the corn on the 
track had increased 2.4 degrees. This was caused by the lower air 
temperatures in transit than at Baltimore, as shown in figure 3, 
page 9. 

In the third experiment, begun March 2, 1911, the losses were the 

same on the corn in transit as on the corn at Baltimore, being 0.3 
of 1 per cent. In this experiment the average temperature of all the 
corn was 40° F., or 84 degrees bigher than the corn used in the 
second experiment. The average increase in the temperature of the 
corn in transit from the time of loading until it was unloaded was 18.7 
degrees. The average increase in the temperature of the corn on the 
track was 18.3 degrees. By consulting figure 4 it will be seen that 

the air temperature surrounding the corn in transit was practically 
the same as the air temperature surrounding the corn at Baltimore. 
In both cases the tendency was toward a higher air temperature; 
consequently, the temperature of the corn in transit imereased uni- 
formly with the temperature of the corn at Baltimore. 
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In the fourth experiment the temperature of all the corn at the 
time of loading, May 11, 1911, was 21.2 degrees higher than the tem- 
perature of the corn in the third experiment, being 61.2° and ranging 
from 60.7° in the corn in transit to 61.6° F. in the corn on the track. 
From figure 5 it will be seen that during the fourth experiment the 
air temperature at western points was always lower than the air 
temperature at Baltimore; thus, the corn in the four cars on the 
track showed an average temperature of 99.6° at the end of the 
experiment, as against an average of 90.6° F. for the corn in the four 
cars in transit. The average loss in weight of the corn in transit was 
0.50 of 1 per cent, and of the corn held on the track 0.73 of 1 per cent. 

In the first experiment, conducted from April 14 to May 11, 1910, 
no duplicate cars were held on the track at Baltimore. The average 
loss in weight of the corn in the five cars in this experiment was 1.01 
per cent. The average temperature of the corn at the time of loading 
was 55° F., or 6.2 degrees lower than the average temperature of the 

corn used in the fourth experiment, May 11, 1911. The fact that 
the corn in the first experiment showed a greater shrinkage than the 
corn in the experiment conducted from May 11 to June 1-8, 1911, 
when the average temperature of the corn and the average of the 
mean daily air temperatures were considerably higher, is explained 
by the fact that the corn in the first experiment showed an average 
moisture content of 18.1 per cent as against 16.7 per cent for the corn 
in the fourth experiment. The corn was also stored in the cars for 
five days longer; therefore, the difference in moisture and the differ- 
ence in the number of days that the corn was contained in the cars 
caused a larger percentage of shrinkage in the corn that was in 
transit from Apri 14 to May 11, 1910, than was found in the experi- 
ment conducted from May 11 to June 1-3, 1911. 

Figure 6 also shows that the average moisture content of the corn 
in the shipment made on December 24, 1910, was 17.9 per cent. The 
number of days the corn was contained in the cars was 27. The ship- 
ment made March 2, 1911, contained corn with an average moisture 
content of 18.3 per cent. This corn was also stored in the cars for 
27 days. The average moisture content of the corn in the shipment 
of April 14, 1910, was 18.1 per cent, the duration of this test being 
likewise 27 days. However, as corn with a higher moisture content 
deteriorates very rapidly during the spring months, when the weather 
is generally warm, corn with a moisture content of 16.7 per cent was 
selected for the shipment of May 11, 1911, and the time was reduced 
from 27 to 22 days. Even in this experiment, as shown in figure 5, 
the corn in two of the cars was hot and very badly damaged, while 
the.corn in four of the remaining six cars had begun to heat before 
unloading. 
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COMPARISONS OF THE SAME LOT OF CORN USED IN THE SECOND, 
THIRD, AND FOURTH EXPERIMENTS. 

The lot of corn containing 17 per cent of moisture used in the 
experiment begun on December 24, 1910, was also used in the experi- 

ments begun on March 2 and on May 11,1911. One car of this lot of 
corn remained on the track at Baltimore and one car of the same lot 
was shipped to Chicago and returned to Baltimore in each of the 
three experiments. 

Tn figure 7 a comparison is made of the loss in weight of the corn 
in this lot in each experiment. In the experiment begun on Decem- 
ber 24, 1910, when the temperature of the corn was below freezing, 
ranging from 30.5° at the time of leading to 30.6° F. at the time of 
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Fic, 7.—Diagram showing the average temperature and the average loss in weight of the 

one lot of corn used in the three experiments begun on December 24, 1910, and March 

2 and May 11, 1911. 

unloading, the shrinkage was 0.07 of 1 per cent. This same corn in 
the shipment made March 2, 1911, showed a temperature at the time 
of loading of 40° and at the time of unloading of 40.6° F. In this 
case the shrinkage was 0.23 of 1 per cent. In the shipment made on 
May 11, 1911, the average temperature of the corn at the time of 
loading was 61.4°, while at the time of unloading the average tem- 
perature was 93° F. The average percentage of shrinkage was 0.49 

of 1 per cent. 

SUMMARY OF THE SECOND, THIRD, AND FOURTH EXPERIMENTS. 

A summary of the results of the second, third, and fourth experi- 
mental shipments, with special reference to the average moisture con- 

tent, the percentage of shrinkage, and the temperature of the corn 
at the time of unloading the 12 cars in transit from Baltimore to 
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Chicago and return, in comparison with similar data covering the 
duplicate lot of 12 cars that were held on the track at Baltimore, is 
shown in figure 8. From this figure is will also be seen that the 
average natural shrinkage in the 12 cars of corn in transit amounted 
to 0.83 of 1 per cent, while the average natural shrinkage in the 12 
duplicate cars of corn that were held on the track at Baltimore was 
0.41 of 1 per cent. The average temperature at the time of unload- | 
ing the corn in the 12 cars that were shipped to Chicago and returned 
to Baltimore was 60°, as against 64° I’. for the 12 duplicate cars held 
on the track at Baltimore. This difference of 4 degrees is accounted 
for by the fact that the temperature of the air through which the 
ears passed en route to Chicago and return was usually lower than 
the temperature of the air surrounding the cars at Baltimore. The 

/2 CARS ON TRAGK 

lie, 8.—Diagram showing the average loss in weight of the corn, the average moisture 

content of the corn at the time of loading, and the average temperature of the corn 

at the time of unloading in the 12 cars that were skipped to Chicago and returned to 

Baltimore in the three experiments begun on December 24, 1910, and March 2 and May 

11, 1911, as compared with the same factors on the 12 duplicate cars of corn held on 

the track at Baltimore. 

average of the mean daily air temperatures through which the cars 

passed en route to Chicago and return was 46.2°, and the average of 
the mean daily air temperatures surrounding the cars at Baltimore 
was 50.9° F., or 4.7 degrees higher at Baltimore than at western 
points. 

CONCLUSIONS. 

(1) There is unquestionably a natural shrinkage in commercial 
corn during transit and while in storage. 

(2) Natural shrinkage varies with the moisture content of the 
corn and the atmospheric conditions to which it 1s exposed. 

(3) Natural shrinkage in corn that has become sour and hot is 
very rapid and may amount to several per cent within a few days. 

O 
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THE COST OF RAISING A DAIRY COW.' 

By C. Morris BENNETT, Assistant Agriculturist, and Morton O. CoopEr, 

Scientific Assistant, Office of Farm Management. 

INTRODUCTION. 

One of the most important and vital problems in the dairy industry 
of this country is the production of heifers to replace poor animals 
and the older cows as they reach the end of their economic useful- 
ness. The extent of this problem may be better realized when one 
considers that, according to recent statistics, there are in the terri- 
tory of the United States, not including the Philippine Islands, 
21,749,651 dairy cows.? Considering the average productive life to 
be even as high as eight years,* each year 2,718,706 heifers must be 
raised to maintain the present number of dairy cows. If the total 
number of cows is increased, then even a larger number of heifers 
must be raised annually. 

The raising of these heifers for the country as a whole is an im 
portant economic problem to the dairyman, and the cost of their pro- 
duction is a large item in keeping down his profits. 

In the following pages is outlined the cost problem of raising a 
heifer, and figures are presented showing the results of investigations 
into the cost of producing heifers on a Wisconsin farm, covering a 
period of five years. During this period 117 calves were selected for 

raising. Three consecutive yearly groups of calves are followed from 
birth to the time of entering the dairy herd. 

The heifers raised on this farm are Jerseys. While the cost of 
raising dairy cows of the different breeds may not vary greatly, the 

Jersey 1s one of the smallest breeds; and if there is any variation 
the cost for other breeds would probably be a little higher. 

+ This work was made possible through the hearty cooperation of Mr. C. I. Brigham, 

who kept the complete daily records, and Miss Lillian Church, assistant in farm account- 

ing, who rendered valuable assistance in posting and tabulating the original records coy- 

ering a period of four vears. 

2U. S. Department of Agriculture, Yearbook for 1912, p. 666. 

3U. S. Department of Agriculture, Bureau of Statistics, Bulletin 88. 

16124°—Bull. 49—14—__1 
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THE COST-OF-PRODUCTION PROBLEM. 

The items that go to make up the cost of producing a dairy heife~ 
are feed, bedding, labor (both man and horse), shelter, use of equip- 
ment, interest on money invested, miscellaneous charges (including 
veterinary services, registration fees, and other minor items), a share 
of the general overhead expenses of the entire farm business, and a 
charge to cover losses by death and discarding. To these must be 
added the item of initial value, because a calf worth raising has a 
value at birth. 

The records and accounts needed to obtain the necessary data to 
calculate these costs are: (1) Feed records, (2) labor records, (3) 
financial accounts, and (4) inventories. 

THE FEED RECORD. 

The feed record must show the daily ration, including the number 
of pounds of each kind of feed, beginning with the first milk the 
calf drinks and continuing until it is grown and enters the herd. 
The milk and grain should be weighed daily, while the roughage need 
be weighed only three times a month at 10-day periods and also when- 
ever any change is made in the ration. The difficulty of getting this 
record will depend upon the number of different feeds in the ration, 
the number of times the ration is changed, and the regularity of the 
feeder. A simple blank with pencil attached fastened in a convenient 
place in the feeding room or calf barn will suffice for this purpose. 

THE LABOR RECORD. 

The labor record should contain the number of hours of all labor, 
both man and horse, used directly and indirectly in caring for the 
growing calves. By indirect labor is meant the hauling on the farm 

of feeds and materials that are to be used by the calves. Complete 
daily reports from each workman of all the labor on the farm are 
preferable, as then there is no chance to overlook any item of labor 
cost. By having the complete number of hours of paid labor, together 
with the factors making up the cost, the exact rate per hour of man 
and horse labor can be determined. However, if labor records on 

calves alone are desired, the increased accuracy from complete records 
on the whole farm would not justify the extra work required. 

THE FINANCIAL ACCOUNTS. 

Complete financial accounts are necessary. These should include 
all expenditures relating to calves, such as the purchase of pails, 

repairs on all items of equipment used, veterinary fees, and other 
miscellaneous items occurring throughout the period of growth. A 
complete financial account of the entire farm business is preferable, 
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so that the general overhead expenses of the farm, a share of which 

is chargeable to the calves, may be determined. 

INVENTORIES. 

A complete detailed inventory should be taken at the beginning of 
each year. This should include the live stock, feed, and everything 
used in connection with the calf-raising portion of the dairy enter- 
prise. These inventories are of the utmost importance, as they form 
the foundation for many of the cost items other than feed, labor, 
and cash expenses. 

RECORDS ON THE BRIGHAM FARM. 

By cooperating with Mr. C. I. Brigham, a dairyman located in 
Dane County, Wis., the Office of Farm Management of the Bureau of 
Plant Industry has obtained complete cost records not only for the 

raising of calves but for the entire farm business, beginning with the 
year 1908. Great care has been taken by Mr. Brigham and his work- 
men to record the consumption of all feeds given to each class of live 
stock and to make complete daily records in detail of all hours of 
labor expended and other items. From these records it has been pos- 
sible to work out complete cost statements on the raising of heifers. 

The dairy stock on this farm normally consists of 50 high-grade 
and pure-bred Jersey cows, 2 registered bulls, and about 40 head of 

calves and young stock. 
The practice in this herd is to have all the cows freshen, beginning 

September 1, and the heifers are bred to drop their first calves and 
enter the herd at the age of 2 years. The record of a yearly group 
of calves is started September 1, and the variation in numbers by new 
calves entering the group throughout the month is eliminated by 
tabulating the records on the basis of feeding days. In practice 
it is not possible to have all the 2-year-old heifers enter the herd in 
the fall of the third year, but those that do not enter the herd at that 

time are added to the yearling group. 
On this farm at the beginning of the feeding period the group of 

calves is composed of heifers and a few of the best pure-bred bulls 
which are to be sold for breeding purposes. These bulls are usually 
disposed of before the end of the first year. 

The numbers of calves handled for the different periods during the 
five years covered by records on the Brigham farm are presented in 
Table I. 
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TaBLE I.—Classification of 117 calves handled during five record years on the 
Brigham farm. 

Entered 
Iw : Entered | Bought Total ‘ herd Fed 

Year of birth Number | Died second hs for Died under full : selected. | or sold. aoe dropped | second | or sold. Dayenn arta 
| year back. year ; vd Pp 5 

| 5 

Lett (oe ee Re a alee) e Se SBE SA Se 28) |e. teeee 28 Sd Benes 25 
ADR wee 8 SoS aee eee 23 5 18 110 28 4 1 23 
1! 01) ape RS Rat BEN eee 3 20 4 24 1 8 15 
191QE eS se edie eee 19 6 13" eee 13 Dy f= Se oe 12 
OMS SESS eRe ee Be 21 4 1 hy Qa eee aa eee, ee SPR A St 8. lS eS 

otalvee see wees 86 | 18 96 14 93 9 9 75 
i \ | 

‘ ee patent and seven 2-year-olds dropped back from the 1907 group. 

3 One butchered. 

Of the calves included in this record, 86 were selected at birth, 
28 yearlings from 1907 were on hand on September 1, 1908, when 
the records were started, and 3 were purchased, making a total of 

117 calves for the five years. Out of the 86 selected, 18 were dropped 
out before they were 1 year old. Eleven of these were pure-bred 
bulls. Any of these bulls that were not sold before the age of 6 
months were separated from the heifers in the feeding pen, and 
after June 1 a separate record was kept cf them. Of the 7 heifers, 
1 died and the other 6 were discarded and sold. 

Including the 3 yearlings that were purchased and the 28 in the 
1907 group, there were 99 of the 117 to enter the second record year. 
Of these 99, the 1911 group of 17 dropped out because records are 
not yet available, 3 bulls of the 1907 group were sold, 5 discarded 
heifers were sold, and 1 died. Thus, of the 117 calves, 73 heifers 
were raised during the five years. 
By means of Tables II to VII, inclusive, the problem of the cost 

of production is illustrated by complete records of one group of 
calves from birth in September, 1909, up to the time they entered 
the herd at 2 years of age in September, 1911. The quantity of each 
feed consumed was obtained by actual weighing, the prices shown 
in Tables III and VI being the local prices of feeds. at the farm, as 
reported at the end of each month. This gives a more accurate feed 
cost than would be obtained by the use of a yearly average price, as 
several of the more expensive feeds vary in price from month to 
month. 

The labor shown in these tables represents the actual number of 
hours of man labor and horse labor expended in caring for the calves 
and has been obtained from the daily labor-report sheets of all 
workmen on the farm. 

The cost rate for man labor is 12 cents per hour for the period 
covered by the records herein presented. The man rate is obtained 
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by dividing the total cost of this labor by the total hours of paid 
labor for the entire farm. This total cost is made up of cash wages, 
board, lodging, and other privileges provided. The accurate rate for 
the Brigham farm, although varying slightly from year to year, is 
very close to 12 cents per hour for all the years. The cost rate of 
horse labor, determined in the same way, is equal to the total cost of 

this labor divided by the total number of hours of horse labor for the 
entire farm business. The cost includes labor, feed, shoeing, interest, 
and depreciation charges for the use of shelter, harness, and other 
horse equipment needed for the maintenance and use of the horses, 
and other miscellaneous items. The rate per hour as figured for 
1909 is 10 cents, and the rates for the other years are so close to this 
that a 10-cent rate is taken for the entire period. 

Because of the variation in the number of animals throughout the 
year, the average per month, as well as the yearly average, is obtained 
on the basis of feeding days. 

RECORDS OF THE 1909 GROUP OF CALVES. 

QUANTITY OF FEED CONSUMED DURING THE FIRST YEAR. 

The figures in Table II represent the average daily quantity of 
each feed consumed per head for the different months of the first 
year. The number of calves varies from 1 to 18 for the first month 
and then remains around 20 to 23 for the rest of the year. The 
yearly average on the basis of feeding days is 20.42. In making and 
adjusting the ration, six classes of feed are used—whole milk, skim 
milk, hay, corn silage, grain mixture, and pasture. 

For the first few days the calf receives only warm whole milk and 
is fed three times a day. After this it is fed milk only morning 
and evening. During the whole-milk period the calf receives from 
6 to 12 pounds daily, according to age and size. When it is about 
30 days old the ration is gradually changed from whole milk to 
skim milk. At first about 1 pound of skim milk is substituted 
and the quantity is gradually increased, so that in about a week the 
ealf is getting skim milk only. About the time of this change grain 
mixture is added to the ration and the quantity is gradually in- 
creased. Mixed hay, consisting mostly of clover, is also added and 
kept in the bunk before the calf for the first few months so that it 
may help itself at will. In June alfalfa is substituted. The skim 
milk is brought back from the village creamery and during the fall 
and winter months it has to be warmed before feeding, a small 

steamer being kept for this purpose. 
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TABLE II.—Quantity of feed per day fed during different months to a yearly 
average of 20.42 nead of calves. 

Average - < = 3 
Year and month. nee pace Sam ee d aes ae Pasture. al. ; % y. t ‘ 

1909. Pounds. | Pounds. | Pounds. | Pownds. | Pounds. | Days. 
September: <2. 352.625. ak 6.3 11.6 0 Ae ee eee S| Oe | eee 
Oetaper: <7 "eres Pree se 18 6.2 2.9 OPA | seed: Beme es DeAM See Re oo 

a 9.3 7 0.3 TES elena enone 
mS 10.5 18°]. ope PSO ee ess ae 

14.5 3.0 ile?) dk || ec Saale 
11.8 3.1 1.7 2AM Bs BEA OY 
11.8 4.8 122 No | ab gael aoa 
18.8 AL? 2.3 Dales 4 Seb 
12.4 a) 2.8 Boil 31 
1.8 12.3 ayaa} aia 30 

Sys is See | bg scke |e oeee poem a eee 31 
si 5. Shek Bea nee ee eee: | eee 31 

3, 165 857 353 547 123 

1 Alfalfa hay. 

It is interesting to note the addition of corn silage in the fifth 
month, which provides bulk and succulence. The grain mixture con- 
sists of three different concentrates in approximately the ratio of 
4 parts of bran, 5 parts of oats, and 1 part of oil meal. There was 
little variation in the composition of the mixtures for the different 
months. It is an important item in the ration during the entire 
feeding period. The variation in the quantity of different feeds is 
jargely due to natural variations in the needs of the growing 

calves. 

COST OF FEED FOR THE FIRST YEAR, 

In Table III is presented the cost of the different feeds, to show the 
relative importance of these feeds for each month in making up the 
total feed cost for the year. The most expensive period in the calf’s 
life is during the time it is wholly or in part dependent upon whole 
milk. The feed cost alone for the calf up to 6 weeks of age is about 
$5.50, and when 8 weeks old $6, which represents 224 and 244 per 
cent, respectively, of the yearly cost of $24.58. It is the practice 
with some farmers to sell calves for veal when from 6 to 8 weeks 
old, and, although where this is the practice the calves are fed a 
larger proportion of whole milk and the feed cost thereby increased, 
these figures on the feed cost for veal are suggestive. 

Inasmuch as the farm affords a wide range of woodland pasture, 
the calves are turned out about as early as the grass starts to grow, 
which is about May 1 in most years. However, it is necessary to 
continue feeding a full ration in the barn for nearly a month and 
then gradually to reduce the quantity until the pasture will furnish 
a full feed, From June 10 until fall the calves are wholly dependent 
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upon pasture. (Fig. 1.) The feed cost per calf for the first month, 
as shown in Table ITI, is in reality too high. This is caused by there 
being a much larger number of calves fed exclusively on whole milk 
during the latter part 
Of the Pmonth. As 
shown in this table, 

there is an average of 
only 6.3 head for the 
whole month, while 
there actually were 

only 1 or 2 at the be- 
ginning and 18 at the 
end. The fact that 
the calves are fed 
whole milk for only 
about two weeks 
makes the cost per 
head appear too high 
for the month. Where 
the numbers remain 
fairly constant, as 
they do after the first 
month, the monthly 
averages per head are 

true weighted averages. 

Fic. 1.—A heifer calf at 10 months of age. 

summer months the calves are on pasture. 

resentative of the size and condition of the calves at 

this age on the Brigham farm. 

During the 

This is rep- 

However, the sum of these monthly aver- 
ages can not be expected to agree exactly with the weighted averages 
for the year. 

TABLE III.—Felative feed cost per head of calves during the first year. 

Average’ 
_ Year and month. number 

ed. 

1909. 

September...........-. 6.3 
WCiOWELEae essen cs se 18 
Wovembens.22-202-625 22 
December...........-.- 23 

1910 

Wanwanyerecn: cee! ae 23 
Hebntianyemns sso see 23 
Mian Chis ne ce 8 ae 23 
DAN TO Tel trees ee er ie at 23 
INTE SS see So eee ee 23 
RI(UITT Gee ie cies eA ei vee 20.7 
dit hy cel a eaEese sanasce 20 
PUI QUIS Teas eee ce eee 20 

Yearly cost per 
TCA Gs See y seca eye Lieto 

Whole Skim Mixed - Grain r 
milk. milk. hay. Silage. | mixture. | Pasture. | Total. 

$5. 26 $0. 01 COLO |e saoseecos SOEOF |Scaseoesec $5. 30 
2. 86 -18 S(O eee |e eee 3. 23 

. 64 - 56 -09 $0. 01 ool Auer Se 1.98 
27 . 65 CAE Nhs ete tan PU ADNIS ences 3 1.92 

- 08 - 90 -38 07 RS SSall AG pie ees 2.41 
gel 5 as ea . 66 34 - 10 =| OO)illee Mere Soe 1.95 
ees Hae ara 73 53 SOTO iter WhO Su lae es notre 2. 26 
See SOE 1.13 ol 14 Bile Monee eae 2.56 
Be cake RRR ES 2 Uo . 69 o te 83 $0. 30 2.76 
BRAC SaSaS 5 iil . 40 07 . 28 - 50 1.36 
Fah o)So AIS | cree = SR ESE SN Crepes ees Lene sate 50 50 
BOSE Ons ac] Sea od] Seco Set oee acerca | aera aera - 90 50 

5. 22 6.33 3. 56 70 6. 94 1.83 24. 58 

The yearly totals show that the whole milk represents 21.3 per 
cent of the feed cost, while the skim milk represents 25.7 per cent, 
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making the total cost of the milk 47 per cent of the feed item for the 
first year. The grain mixture is of next importance to milk, amount- 
ing to 28.2 per cent of the total cost of feed. The variation in cost 

-of each feed for the different months is in direct proportion to the 
quantity fed, except for the grain mixture, which is affected also by 
sight fluctuations in the prices of bran, oats, and oil meal. The 
cheapest period of the year is during the summer months, when 
pasture makes up a part or the whole of the feed cost. The drop in 

the totals of feed for 
the month of Febru- 
ary is due to the 
shorter month. 

The prices of feeds 
are best discussed in 
connection with Table 
XV (ip. 21): 

HOURS OF LABOR AND 

THEIR COST FOR THE 

FIRST YEAR. 

The total number of 

hours of labor for the 

first year and its cost 
are given by months 
in Table IV. All the 

time required for the 
direct care of the 

calves is included and 

also the time taken: to 

mix and haul feeds to 

the calf barn. The 

greater part of the 
man labor is spent in 
feeding and bedding. 

Fic, 2.—The interior of the calf barn, showing the 

stanchions and feeding trough. The calves are fas- The calves are fed 

tened in the stanchions at meal time and the pails of twice daily with the 
milk set in the trough in front of them. 3 

exception of the first 
few days, when it is necessary to feed the new calves at noon also. 
The feeding is done quite regularly, usually between 7 and 8 o’clock 
in the morning and again between 4.30 and 6 o’clock in the evening. 

The steam heater for warming the skim milk is located at some 
little distance from both the dairy house and the calf barn, and thus 
extra steps are required to carry the milk at feeding time.. The calves 
are fastened in stanchions at meal time, and each pail of milk is set 
in the feed trough, which keeps it from being upset (fig. 2). After 
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this they are fed grain, and later when all are through eating they 
are released. As the hay storage space is not large enough in this 
barn for the yearly supply for the calves, toward the latter part of 
the winter it is necessary to replenish the supply from stacks in the 
field. Horses are used for work of this kind. The large amount of 
labor in March is due to hay hauling and the getting of the yearly 
fuel supply for heating the milk. 

TABLE IV.—A verage number of hours of man and horse labor per calf and its 
cost for the first year for an average of 20.42 head of calves. 

Man labor. 

Average 
Year and month. number Horse Total 

labor. cost.1 
fed. Per Renda 

month. y- 

1909. Hours. | Minutes.| Hours. 
SCIOIGHE OG. eb gaa ke Bete e BRU ARR Rees EE eee ae sEese 6.3 6.5 13h Bese $0.78 
WETOD Oe ae ceo aaa ne saan see Sa cate a eS 18 3.3 6 0.04 
ING Cl OT ey ys see pss We oe ee we 22 4.4 9 .16 54 
IDCEGIEA TG oc CaaS SSAA Se AE ASE Sete OSE See ae ee ene 23 4.2 Slee becca 50 

1910 

ATU ET ATS se Se ace Nie ai A iS ess ne aR 23 4.3 8 ~ 25 54 
TOGIOV BETIS GS Cig cree topes Ps Peete Re 7 UR a an 23 3.8 8 . 48 ofa 
March CHO GSE GEL A SCA es Ee EI ee i ear 23 6.2 12 2.00 94 
FAN: Re aE Mme a ste GR ea be em arn oe 23 4.3 9 -07 ay) 
IDNY «5.5 cca ee Se Ae BO Ce Ee et Rae RE econ peroeceir 23 3.9 8 11 -48 
UCM eee ree S| CURR or Le er ee 20.7 3 es re anne . 03 
Duly aes sae ss) oe IE ee eed sk DO ara Ue em eh seb eeen Sell oy S| pet Fear ee 
PSUS Pe EP Ty eS Re se Rete verde weet Di aes oi ern ONDA Gaia Sa aN ee Jol rol ML ee 

pearhyatotaliper heads. hee aes se ec cota alee Seas se Z0/90NIS2ae se one 3.50 5.14 

1 Rates per hour: Man labor, 12 cents; horse labor, 10 cents. 

The total amount of time required per head for the year is about 
40 hours of man labor, which is about 8 minutes per day for the 9 
full months in the barn. Only 3.5 hours of horse labor were required. 
This requirement is a variable quantity and makes only a small part 
of the total labor cost of $5.14 for the year. Barring the first month, 
when the young calves need extra attention, the labor cost for ordi- 
nary care is quite uniform for the different months of the period 
they are in the barn. When on pasture no labor is required, but 
the calves are daily under the observation of the herdsman as he 
cares for the herd and special attention would be given them if 
needed. - 

The first and second months stand out as the most expensive peried 
of the year, for then the calves are dependent largely on milk and 
require extra attention. The combined cost for feed and labor dur- 
ing these two months amounts to 32.5 per cent of the yearly cost, 
which is $29.72. 

QUANTITY OF FEED CONSUMED DURING THE SECOND YEAR. 

Beginning the second year the heifers are on pasture until about 
November 1. They are then given the run of a small yard and open 

16124°—Bull. 4914-2 
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shed near the calf barn during the winter months. The feed is 
entirely roughage, consisting of mixed hay and corn silage, with the 
addition of corn stover from January to April. About the middle 
of May they are again turned on pasture and receive no other feed 
during the summer. This makes a total of 171 days, or nearly one- 
half the second year, that the heifers are dependent upon pasture 
alone. 

Table V gives the ration and the average quantity fed daily per 
head for the different months. Each calf consumed during the 
winter months an average of 1,120 pounds of hay, 3,250 pounds of 
silage, and 672 pounds of corn stover. 

The change in numbers from the second year is due to the addi- 
tion of two heifers in December, the transfer of a few head to the 
dairy herd to fill vacant stalls, and the butchering in March of one 
that proved to be undesirable. 

TABLE V.—Average quantity of feed per head per day during the second year 
fed to an average of 17.2 head of heifers. 

Average A 
Year and month. Brae: oe aes Seon Pasture. 

1910. Pounds. | Pounds. | Pounds. | Days. 
Heptemberse ss. esas se sence es ae eee eer PAU) pepe na sea Berets sacle a 3 
OcCtobers asses ce eee asec sae nse toe 20) Woes senses ees Soe ewe eemeeneee 31 
IN OVEMLDED eae chee eee eee carte ee eee 20 14,7 SLD, Ahi pe eee a et Le 
December's: 252 Ste ae so ae ee eee eee ee ee eeee 22 7 OE 2 i) Meee teers eects Sani 

1911 
January. 22. esses ssa eee Os Ree ae elena seems Fea 6.6 17.7 VEY aera Baa 
Wepriuan ys ose Nees sea Se ee eae Se eee cece 16 5.8 19. 4 Od: eee sane 
Marche £¢ 22-0): see ae hay. 2 tee ee ae Ae eee gees 15.6 5.2 17.3 ONG Ree Bee 
BAST. 5. ee es a a te neo er 15 4.4 18.6 Uo al eee 
Maiye 3 2 PRG Cee ee ee eae ene Cnet re 15 252 Ce [eta a as 18 
DUNES! 5) okestish Oe eae ete SSR ee oe een pas 15) Weaic scien 2 eS) see ate ce | ee eae 30 
Olay? 222 Ve te Ses Seneca eee bee ae oer eoeees 1D) Week oe sohb lees cee meee camer 3l 
AUCUSE oe ore eee oe ie Rose ea ad OS eee LON eke Seale Se oe Beer 3l 

Totals 228522 sess Grae os Se ee eee aaa | Sees 1,120 3, 250 672 171 

1 Alfalfa, 2 pounds; mixed hay, 2.7 pounds. 

COST OF FEED FOR THE SECOND YEAR. 

In the second year the feed cost as compared with the first year 
is materially reduced, as shown in Table VI. This is caused by a 
number of factors. First, both milk and concentrates, each of which 
is a large item in the first year’s feed cost, are omitted. Second, the 
pasture pericd is longer. Pasture is the cheapest of feeds, and the 
longer the stock can be kept on it the smaller will be the total yearly 
feed cost. On the other hand, during the second year the quantity 
of roughage fed is increased. However, roughage is a cheap feed, 
and its increased cost in the second year does not offset the decrease 
caused by the omission of milk and grain. 

The prices for the different feeds remain the same for the whoie 
period; hence, the cost each month varies with the quantity fed. The 
costs for the year are as follows: Hay, $4.60; silage, $6.50; corn 
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stover, $1.45; and pasture, $3.56; making a total of $16.11. This 
is $8.47, or 34 per cent, less than the cost of the feed for the first year. 

TABLE VI.—Cost of feed per head for the second year for an average of 17.2 
head of heifers. 

Average a es | 
Year and month. as ee ees oe | Pasture. Total. 

1910 | 
{SYDVDN SITET ONE ce A pe A ee DO intl sare ee tipe| Sheps [bel ieee Lil Mi At aah ed $0. 50 $0. 50 
OWN. 2 sic 6 pee ee nee ae ere OIE a seca espe fected c MSIL UR Cal ala -50 -50 
INUGRF CITE] OTE Se et eee a a a 20 1 $0. 66 SOMO Meise eens | See Se ea 1.34 
WN CCETIED CUA ea fe eee oe Mee a le 22 - 86 | SOOM | Sees apes Bees ae aeew 1. 86 

1911. | 
(ETT EIA secon os ae Se CBRE SA eee eB See ac Nin -Sl | 1.10 PAO OE Bis eee 2.10 
IMG ORUBINY 6s Wee eo Soe Cor ate Ee Ee eae eee 16 - 66 1.07 JO aoe oo eee 2.08 
MET. o5 oa ee b eee Es Cet ene eens eat rere 15.6 65 1.21 HOA any ane ee 2.45 
ANTOPM Be SON 0 a ee 15 53 pee ABM ese ee 2.08 
IMEI ica oe te dee ae ee aR 15 a7 ROG vara and alae 50 1.03 
UU 2 os poe ee Le OO a days ASH IS tient ae Les Seese el en ne ee een Bio 75 
ety eee CO ets Ry De re! 1S vill oes eee eet) Ree lee ai) 0G) 
ANGERURNE | OS oe Sie ene nee ee ee ists || ae ese eee [poteecaoce|saepsesnae 75 75 

Wreeeirllyy Thongs oo euetse S ae od eae ean Eis 4.€0 6.50 1.45 | 3.56 16. 11 
| 

1 Alfalfa, 28 cents; mixed hay, 38 cents. 

HOURS OF LABOR AND THEIR COST FOR THE SECOND YEAR. 

The hours of labor required and the cost per head for the second 

year are shown in Table VII. During the 171 days the heifers were 
on pasture no labor was required. For the winter months they were 
run in sheds, and the major portion of the labor was for feeding and 
bedding. The hay was carried from the barn near by, and the silage 
and corn fodder were carried a distance of several rods for each 
feeding, morning and night. In the menth of March, a share of the 
time consumed in moving hay to the barn from stacks in the field 
was also charged to the heifers. The amount of horse labor is 
variable and only slightly affects the yearly cost for labor. 

TABLE VII.—Hours of labor required and their cost per head for the second 
year for anv average of 17.2 head of heifers. 

ateaenan Man labor. 
i ge 

Year and month. | nee = HOSS poral 

; Total. | Per day. 

1909. Minutes.| Hours. 
September. .-- PAU} Sah pee Ss Sed eee eee : 
OGI@OSY = 2B ae Sa ee 0 a eee =a DOMME eet | leaner 2 © 
November | 20 Tell 
December 22 10.2 

1910. 
UTS ETAY seb OSCO OS ee BAe Gee ah eae nen Re ee sree 17.7 2.96 5.7 0.05 -36 
IP @yorrUeinyaee gee MR SCM k® AYO ye ieee ee err tooo Seaae 16 2.54 Stay epee -3l, 
ITNT is SS Rae 2 LO reo LP A Ee 15.6 4.30 8.3 70 58 
JATIN eee eR ROCA i fee a 15 2.80 EC alee ise 34 
WGN? 2 eae STE! re ee ea RG 15 90 D2: Nae Tee Vee patil 
AROWIE S55, pO yes es SC 0 Oh AS ee Oc SLLEDH aH ap sage AI RO a 2 SS ea 
AIG 2 3 ie HS a ge TUES SN Fea ee el [lear ea ee) eI ee IN eat Sa ee 
BATT DIS terse ja 2a Me eeyL eee GNI a eee TUES hy ATA eR ea TSN Se at Sa 

PYCAT liv ALOT eee Me Ree et SNARE AAI Oe IS SRR IE. PESOS NT Hee Lge NO WERE cea 2.86 

1 Rate per hour: Man labor, 12 cents; horse labor, 10 cents. 
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The cost of labor the second year is $2.86 per head, as compared 
with $5.14 for the first year. The cost of both feed and labor is 
$18.97, as compared with $29.72 for the first year, making a difference 
of $10.75 in favor of the second year. 

It is interesting to note a comparison of the man labor required 
per day for the two years. 

TABLE VIII.—Man-labor requirement per head for the first and second years in 
raising dairy cows. 

Average number of 
minutes per day 

Total for the period. 
Dyes number 

‘ of 

Rours- 9 erally when 
year. barn. 

URS bie nee a Oe eM SEE eae ee eee ea 39.9 6.6 18.67 
econ. dg 40 § Ys wires Sees aie tee er Get) i eeteerie SNe ae cee eed a 23.25 3.8 27.66 

1 Basis of 9 months, or 274 days. > Basis of 6 months, or 182 days. 

The requirement and cost of labor for the entire year are much less 
the second year, but the requirement and cost per day in the barn do 
not differ materially for the two years. 

FEED AND LABOR COST FOR BOTH FIRST AND SECOND YEARS. 

The cost per head of feed and labor by months throughout the full 
two years’ growth of the heifer is illustrated by figures 3 and 4. The 

$6.00 first month is the most 
ee ee a ee aa | expensive of the calf’s 

life. After this the 
cost decreases until 
about the third month 
and then gradually in- 
creases during the 
winter and spring 
until the calf is turned 
out on pasture. The 
cheapest period of the 
two years is during 
the summer months, 
while dependent 
almost entirely on pas- 
ture. The feed and 
labor cost increases in 
the second year dur- 

Sor OCF WOK DEC. JAW. FEB. (ZAR. APR. MAY JUNE JULY AUG. 

Fic. 3.—-Chart showing the cost of feed and labor required . tl 1 : ‘gees 
in raising a dairy heifer the first year. Feed, $24.58; INg le early winter 
labor, $5.14, and, reaching its maxi- 

mum in March, gradually drops off with the beginning of spring 
weather. The second pasture season again reduces the expense 
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for both feed and labor. Similar diagrams for both the 1908 
and 1910 heifers, the total cost figures of which are given in 
Tables XI and XII, would correspond almost exactly with the data 
shown in figures 3 £600 

and 4, thus bringing 
cut the fact that on 
the Brigham farm 4% 
the relative cost for Lay aye, 

in the growth of a 
heifer is fairly con- 
stant. 3.00 

The feed cost for 
the two years agere- 
mawies $40.69 per 2° 
head, and the labor 

$8, making a total of 
$48.69 for both feed 

and labor. 
(0) 

TOTAL COST OF PRODUC- SEPT OCT. NOV DEC. JAN. FEB. MAR APR. MAY JUNE JULY AUG. 
ING A HEIFER (1909 

Wie. 4.—Chart showing the cost of feed and labor required 
GROUP. ) 

in raising a dairy heifer the second year. Feed, $16.11; 

Although feed and = '#?0"_ $2.86. | 
labor make up the greatest portion of the expense of raising a heifer, 
there are other items that must be considered in order to know the 

total cost of a 2-year-old heifer. These items are discussed in con- 

nection with Table IX, which gives the complete figures on this same 

1909 group of calves from birth until ready to enter the dairy herd. 

TABLE IX.—T'otal cost of a calf from birth until it enters the dairy herd (aver- 
age per head for the 1909 group). 

i] 

First year. Second year. Total. 

Item of cost. 
Actual Actual Actual 
Raat Per cent. aOR. Per cent. BOISE. Per cent. 

| = = 

Feed....- Be Sa SAA dea I OS ODE eee $24.58 68. 4 $16.11 62.8 $40. 69 65.6 
JUG) OIE. Ss ESS ae ee ee 5.14 14.3 2. 86 11.0 8. 00 12.9 
JEMIQRES oe Gov obe BES Seok eee ene Lee eee lg By il 2.53 9.9 3. 65 5.9 
JEU Tes ss A AN TNE Se a i 7 4.4 81 3, Il 2.38 3.8 
IEVGRUnO MM eT ete eya see te tee eee ise oe Les -59 ety NB ae ee eel eae 59 mm) 
IB CGC 5) oa Shoe as Senne eee | 1.00 2.8 | 2.00 7.8 3. 00 4.8 
Miscellaneous expenses._................-- - 28 sts} .16 .6 . 44 Bell 
Generalvexmensesi2 ee LE ie 7h 4.7 22, 4.8 2.93 4.7 
Losses by death and discarding...._......|.......... A See ee, Pavey Seana pated ds By . 42 By 

HOG rey eee oe oe Se Re 35. 95 100 | 25.69 100 62. 06 100 
Ciicalilie ia biD Je socoss see eee eal ae 3° OOM Bees ger OOOH aes tee ae SHOO) eee eer 

Motalicostionraisince eee = eee SO 8GDM tar, oe | PONG Oy eee es SAS OGH| hese eee 
Trauiseal WyeMb Ot Gey bic HE SRE Ce Te OOUI eee sei 2 [Pec eee eetet cals AP ee 2) MOO R| amare 

oval ehiCOsiteee sees seer Bu OO epee Cres ZONGON Sees HOS los ccesseee 
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Building charge-——TYhe charge made against the calves for shelter 
includes interest and depreciation and ordinary current repairs on 
the barn used by the calves. Interest is figured at 5 per cent and de- 
preciation (plus repairs) at 3 per cent on the average inventory 
value. The average inventory value of the barn used for the first 
year was $400, making a building charge of $32 for the group, or 
$1.57 per head. The buildings used the second year were sheds valued 
at $175, and 8 per cent on this valuation is only $12.80, or 81 cents 
per head. 
Equipment charge.—The equipment used in caring for the growing 

calves consists of a steamer for heating milk, feeding pails, cans, and 
a few other minor articles. The equipment charge includes interest 
at 5 per cent, depreciation, and current repairs. Equipment of this 
kind depreciates rapidly, and therefore 20 per cent on first inventory 
valuation is none too large to cover this item and current repairs. 
The total equipment expense for the first year is $11.18, or 55 cents 

per head. No special equipment was used the second year. 

Interest.—There is a certain amount of money tied up in the rais- 
ing of the calf from birth until it enters the herd as a full-grown 
heifer. A nominal rate of interest on this investment must be con- 
sidered as one item of cost. The difficulty that arises at this point is 
to know the investment upon which interest should be charged, The 
ordinary practice in handling farm accounts is to use one-half the 
sum of the inventory values taken at the beginning and end of each 
year, but in this case it is difficult to say what the value at the end of 
the first year should be. 

The inventory value of a yearling beef heifer is largely determined 
by her market value for the meat, but with a dairy heifer there is no 
definite market upon which to base this valuation. In the absence of 
a standard basis it would seem feasible to use cost figures. Interest 
has already been included on equipment and buildings under charges 
for those items. The known items at this point upon which interest 
has not been figured are the cost of feed, labor, bedding, and mis- 
cellaneous expenses. These amount to $31 for the first year and 

represent the increase during the year. Therefore, on the basis of 
cost figures, the second inventory value is $31 plus the initial value, or 

the first inventory of $7, 1. e., $38. The average value of the two in- 

ventories is, then, $22.50, and 5 per cent of this sum is $1.12, the 

interest charge per head for the first year. 
The value at the beginning of the second year is the total cost of 

the first year, which is $39.95. The second value, determined in the 

same way as for the first-year group, is $61.08. This makes the 
average $50.51 and the interest charge $2.53 per head. 
Bedding.—The calves were kept well bedded with straw while in 

the barn. The first year about one load of straw was used per calf, 



THE COST OF RAISING A DAIRY COW. 15 

and the second year two loads per head. This straw was valued at $1 
per load, making a bedding charge of $1 for the first year and $2 
for the second. 

Miscellaneous expenses.—Miscellaneous expenses include registra- 
tion fees to the American Jersey Cattle Club at $2 per head for the 
eligible pure-bred heifers, veterinary fees, medicine, and other minor 
expenses. The average expense of this kind for the first year is only 
28 cents per head and for the second year 16 cents. 

General overhead expense.—An item often overlooked is a share 
of the general overhead expense of the entire farm business. On the 
Brigham farm this general expense is not far from 5 per cent of the 
located expense; that is, the first-year group of heifers must be 
charged 5 per cent of the located expense, $34.24, which is $1.71. 
For the second year it is 5 per cent of $24.47, or $1.22. 

Losses by death and discarding.—In practice a dairyman is seldom 
able to select a number of calves at birth and not have one or more 
prove to be unfit before the group reaches maturity. Some animals 
may die. These losses bring in an item of expense that every dairy- 
man who raises calves should consider if he expects to come out even 
on the raising of his calves. The size of this item will vary mate- 
rially under different conditions and with different men. Table X 
is here presented to show the extent of this item of loss due to death 

_and discarding on the Brigham farm for the five years covered by 
records. 

TABLE X.—JZLOss of heifers by death and discarding during five years on the 
Brigham farm. 

Number |} Receipts | Approxi- Lass or 
Group. Feeding period.| disposed from mate at 

of. sales. cost. gar 

WON 5 oo dis ae es See UE Seni eS ce rene aenemaee EATS Gif esa aI te reo ERE po yd | ons ero aE EE 

1908 {3 Pe cae al ace ae au Ree lle ae 
SNE SR SOI SE aah ae ie aera aa au ale min aa Second 14 $101. 68 $170. 00 — $68. 32 

1909 {Bees Se ea eel eae = || ree eee tel epee ek eb ee 
SEE PNG? © SO El Sa ta ne aaa deal wie a Second saaaaeee 1 32. 41 42.50 | — 10.09 

1910 HALES Gaye eaeene 13 10. 00 22. 00 — 12.00 
PUP? ICUS eee ead rap a Second........ 1 51.99 42.50 9. 49 

WOE SSG se ee Cae Le ies eee ae let lee Seiad ee IEVIES Teese ieee 4 170. 00 120. 00 50. 00 

"Teil hdl. 2 pe Mata aL A lB i 13| 366.08| 397.00| — 30.92 

1 One died. 

The removal of a calf did not affect the yearly cost per head of 
the animals that reached maturity, because all averages per head 
are figured on the basis of the actual number of Peace days. Dur- 
ing the five years covered by this report 2 heifers died and 11 were 
discarded and sold. The approximate average cost of the 13 is 
$30.54 each. The cost of the 2 calves that died amounts to $54.50. 

and the total for all 13 is $397; however, the receipts from the sale 
of the 11 reduce this amount, and the loss is only $30.92 for the 13 
head. 
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This item of loss will vary from year to year, and in some years 
the animals discarded may be sold for a sum sufficient to cover 
the cost of their production.» Because of this varying loss, the most 

-accurate way of disposing of this item is on the basis of results ex- 
tending over a period of years. For the Brigham farm this charge 
is worked out on the basis of losses for the five years and is only 
$30.92. As shown in Table I, there were 73 head to reach maturity 
during these years, and this loss prorated is 42 cents per head. 

This is an exceedingly small loss, and on most dairy farms this 
item would probably be larger. There are two reasons for this loss 
being so small on the Brigham farm: (1) The owner was fortunate 
in disposing of the discards at good prices, and (2) the death rate 
was low. It would not have been possible to handle 117 calves and 
lose but 2 if the herdsman had not been both skillful and pains- 
taking in his work. (Fig. 5.) The care and attention given by 

Fic, 5.—Jersey heifers at 22 months of age. Skillful care and feeding make the 

heifers in excellent condition at maturity and of good size. 

the owner and his herdsman to the handling of the stock are also 
shown by the uniformity of the feed and labor costs. (See Tables 
XI, XII, and XIII, pages 18, 19, and 20.) 

The gross cost of raising the calf the first year is $35.95, and 

for the second year $25.69. The relative importance of the different 
items that go to make these costs are clearly shown in the percentage 
columns in Table IX. 

The manure and litter from the calves were assumed to be worth 
$3 per head for the first year and $5 for the second. This gives a 

credit item which will reduce the gross cost of raising the heifer 
for the first year to $32.95 and for the second year to $20.69. 
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Initial value of the calf—The cost of bull service is all charged 

against the cows and is an item in the cost of milk production. 
However, a calf worth raising has a value at birth, and in a well- 

managed herd of high-grade or pure-bred cattle the calves at birth 

should be of enough value to offset the cost of maintaining the 

herd bulls. In the Brigham herd the grade calves to be raised are 

valued at $5 each and the pure breds at from $10 to $20 each. The 

average initial value for the 1909 group of calves is $7 per head. 

F500 

30.00 

25.00 
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5| 45.00 
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FIRST YEAR. SECOND YEAR. TOTAL COST. 

Fé. 6.—Chart showing a comparison of the items of cost in raising a heifer the first 

year, second year, and for the whole period of growth (1909 group). 

This initial value, added to the net cost of raising, makes the total 

net cost of producing the heifer the first year $39.95. In other words, 

these 1909 heifers at 1 year of age must be valued at $40 per head 

to pay production expenses only. The cost the second year, though 

enly slightly more than half that of the first year, makes the 2-year- 

old heifer represent $61.11. 
The relative importance of the various items which make up the 

cost of a 2-year-old heifer is shown clearly in figure 6. 
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SUMMARY OF COST FOR ALL GROUPS FOR FIVE YEARS. 

In the preceding pages the discussion has been confined to the 
cost-record data for one group of calves. It is of interest here to 
compare the cost for the one group with those of the other groups 
in the five-year period. In Tables XI, XII, and XIII are presented 
a summary of the cost data on all groups of calves raised on the 
Brigham farm from 1908 to 1912, inclusive. These tables show how 
closely the total cost and the items that go to make up this total 
compare for the different groups. The cost for any one group is 
typical for all groups in the five-year period. 

SUMMARY OF THE FIRST-YEAR COST OF RAISING CALVES. 

The cost of each class of feed given for four different groups of 
calves the first year (Table XI) permits a study of the relative 
importance of the various feeds and the effect upon the total feed 

cost. Over 50 per cent of the feed cost is for milk. The increase in 
the proportion of milk in 1910 and a change in the ratio of roughage 
to grain in 1911 does not reduce the totai feed cost. These changes 
may be advisable for the good of the calf, but the effect of such 
changes is a subject outside the scope of this publication. It is inter- 
esting to note how closely the percentage and the cost of the different 
feeds compare for the different groups. 

TABLE XI.—Comparison of the cost of raising four groups of calves the first 
year, reduced to the per head basis. 

1908 group (average | 1909 group (average | 1910 group (average | 1911 group (average 
number, 17.68). number, 20.42). number, 14.08). number, 17.43). 

Item. — 

pear Per cent oe Per cent. Aina) Per cent. Actual Per cent. 

Whole milk.......... $4.74 19.8 $5. 22 21.3 $7.36 29 $6.98 27.8 
Skamiemillk. ee Ree 7.89 32.9 6.33 25 vii 6.91 28 6.54 26.2 
Roughage:.:-2. 2.252. 3.76 SV 4.26 17.4 4.94 20 6.20 24.6 
Grains cee hse 6.32 26.3 6.94 28.2 4.45 18 3.78 15.1 
IPAStUle a7 eee chen 1.26 5.3 1.83 7.4 1.39 5 1.58 6.3 

Total feed cost. 23.97 100 24.58 100 25.05 100 25.08 100 

13" | oe ee a aS 8 23.97 Ly 24.58 68.4 25.05 69 25.08 69.8 
TADODs: 3424 se okecns ss 3.59 10.6 5.14 14.3 4.84 13.3 4.23 11.8 
Othericostss se on: 6.15 18.2 6.23 17.3 6.45 17.7 6.59 18.4 

COStS ba saee 33.71 100 35.95 100 36.34 100 35.90 100 
Credit, manure. .....- 3800) |=. ae. SOONER nae eee B00) is eee SU US ee sae 

Cost of raising... LOT el Rete. OPA by ae a mee se ot BORO45 |b = siete B20 Mes warn c a= 

The cost for feed alone ranges between $24 and $25 for the four 

groups. The variation in natural conditions and the number of 
calves fed cause a variation in the amount and cost of labor. The 
labor cost for the first year ranges from $3.59 to $5.14. 

The other costs seem gradually to increase with each successive 
year, probably owing to the increasing number of registration fees. 
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In all four groups the feed is about 70 per cent, the labor close to 
12.5 per cent, and all others items about 17.5 per cent. The total 
net cost of raising the calf the first year, with the exception of the 
1908 group, is close to $33. 

SUMMARY OF THE SECOND-YEAR COST OF RAISING HEIFERS. 

In Table XII are presented the records that are available on four 
eroups the second year, to show a comparison for the different classes 
of feed and other factors making up the cost of raising a heifer the 
second year. Approximately four-fifths of the feed cost is for 
roughage and one-fifth for pasture. There is here a wider range in 
cost of feed than for the first year. A smaller ration was fed the 

1907 group, thus accounting for the lowest cost of $11.96. How- 
ever, the results obtained were the least satisfactory. The cost of 
feed for the other three groups ranges from $15.43 to $17.36. The 
increase for the last two years is caused by an increase in feed 

prices. The cost of labor ranges from $2.72 to $4.27 and is due to 
changes in natural conditions, the same as for the first-year groups. 
The other costs are nearly the same as for the first year and range 
from $5.62 to $8.04. The rise in the prices of feeds for 1910 and 

1911 does not change the relative proportion of feed to labor and 
other costs. 

The total net cost of raising the heifer the second year ranges from 
$16 to $23. 

TABLE XII.— Comparison of the cost of raising four groups of heifers the second 
year, on the basis of the cost per head. 

1907 group (average | 1908 group (average | 1909 group (average | 1910 group (average 
number, 26.54). number, 24.72). number, 17.20). number, 12.70). 

Item. 
es 

Actual Actual Actual Actual 
eee Per cent. Bact Per cent. baci Per cent. aos. Per cent. 

Roughage:-- 2222... $9. 56 80 $12.84 83.2 $12. 55 78 $13.55 78.2 
Grainne Se ee ee ee ee -12 at) | eas aeoee) HCece reas aue mortar eeiscueoaeeon 
PAStUTe Re Sec e cess ce 2.40 20 2.47 16 3.56 22 3.80 21.8 

Total feed cost- 11.96 100 15. 43 100 16.11 100 17.35 100 

L ENEYSU Le Se eal a 11.96 63.5 15.43 64.6 16.11 68.6 17.35 66.8 
WADOLS aac e ease = sss 3.40 18.1 4.27 17.9 2.86 252, 2.72 10.5 
Other costs!-=2..-.--- 5.62 18.4 6.34 17.5 6.72 19.2 8.04 P27 

All costs -....-. 20.98 100 26.04 100 25.69 100 28.11 100 
Credit, manure ...... 5.00 Nesaseccase BOO seneeeecec S(O peasecesoe ‘05000 |Reeeee ee 

Net cost of rais- | 
Taye 2 eee P5E OB) |S ee 21 OS Meteo se 3 ZONGOH|_Meaes ta -8 770 Ul are pee 

THE COST OF RAISING A HEIFER FOR TWO FULL YEARS. 

Table XIII is a combination of the cost figures shown by year 
groups in Tables XI and XII, in order to bring out the relative - 
proportions of the various feeds and other items of cost for the 
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different groups. There is a marked uniformity as to group totals 
and proportions for the three years. Variations for feed, labor, and 
other costs in the first-year group seem to have been balanced by 
the variations the second year, thus making the two totals more 
uniform than the totals for either year alone. Milk stands out as 
the largest single item of feed cost, ranging about 30 per cent for 
each group, or practically one-third the total feed cost. Milk and 
concentrates appear only in the first year’s feeding period, yet they 
make up nearly 50 per cent of the total feed cost. In raising the 
1910 group the tendency seems to have been to increase the roughage 
and decrease the grain. However, the change does not in this case 
materially affect the total feed cost per head. 

Taste NIII.—Comparison of the cost of raising heifers for two years (1908, 
1909, and 1910 groups). 

1908 group. 1909 group. 1910 group. 

Item. 

Actual Per cent Actual Per cent Aetusl Per cent. 

Wiholetititk +: 2c386 22nd et ates Bers $4.74 12.1 $5. 28 12.8 $7.36 17.4 
Skane acest neces Say eee mee 7.89 20 6.33 15.6 6.91 16.3 
Ronghiases!--) 2. 4-hs 8 eee epee 16. 60 42.1 16.81 41.3 18.40 43.6 
Gramie eg tee Sy ape e eee eee 6.44 16.3 6.94 17 4.45 10.5 
PAStHEOe ss secas ooo ee, ee eee eer 3.73 9.5 5.39 13.3 5.19 12.2 

Totalifeedicostz-es = .-seee esses 39. 40 100 40.69 100 42.40 100 

Weedes.) 3 ok Slee ess REE SE eee es 39.40 65.5 40.69 65.5 42.40 65.4 
HAD OR es). 20 ot faeces ees oe ee | 7.86 13 8.00 12.9 7.56 11.6 
OTRENCOsis:? Seco ee sete soe eee ne = 12.91 21.5 13.37 21.6 14,91 

AU COSIS sso cane 2 kee see oe 60.17 100 62.06 100 64. 87 100 
Credit, Manure: .-A2222 eee oe Pee ees | S00 Ssr eee sees S200), 22 sso eee S008 See ee. 

Cost of raising heifer_.....-...--2<.5 ye by fie emit SS 5 OG Liss ees Ky i eee 
Enitial valites< 2-228 -0625 222/22 oe Sees See ee | 6:30) |222e eee TOO Nese eee eS (eit | Beers 

Total net cost of production......__. | So ah 61.06 Feeeece 64570) oes 2S 

There is a gradual increase in the net cost of production for each 
successive group, but the proportions of feed, labor, and other costs, 
as indicated by the percentages (Table XIII), bape remained prac- 
tically constant. 

The value of the manure for the two years pantie offsets the 
expense for labor. On the other hand, the expense for labor and 
other costs combined would not be offset by two and one-half times 
the value of the manure. To get an accurate record of all the labor 
is perhaps the most difficult task for the farmer of all the items that 
must be recorded to determine the cost of producing a dairy cow. It 
would seem from the results on the Brigham farm that the. value of 
manure will offset the cost of labor, making it necessary only to keep 
a record of feed and the items that make up the group of other costs. 
The gradual increase of the initial value for the three groups is due 
to a larger number of pure-bred calves. 
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FEED PRICES. 

The feed costs given in all the foregoing tables are based on the 
current monthly feed prices, in order to eliminate any errors that 
might result from wide fluctuations in prices during a year. How- 
ever, for purposes of comparison yearly feed prices are shown in 
Table XIV for the period covered by the records on the different 
groups presented in the previous tables: 

TABLE XIV.—<Average yearly feed prices per ton at the Brigham farm from 
Sept. 1, 1908, to Aug. 31, 1912. 

Feeds. 1908-9 | 1909-10 | 1910-11 | 1911-12 

WTO TH 5 05.5 Sas SNe te ee a eae ge ere tea ae aR es $30.70 $30. 56 $32.00 $29. 26 
Satin mrrilics 5 NS SARS beet eo nets teen) tl res ey eg os eee ae 4.00 4.00 4.00 4.00 
Grain poten 

Bree, eg Ae gk Seattle OO AP Rll BBN gery fe | BAB cc 
Saailleel Cons sheen aces od doS Abe aeSeaASes SASEeE Ue Secaueone 25.00 |..- Bre 22.54) oes occ sae 

\ Bilcg soneeasesgeses eaees geste: ssp ee Se Soes ese seb Sceema||secenances 25.00 \ ee Cee 
Bailey Gung! @eiSan. Woh eS ok peo as obese snot hoacoqonsuacEeune SOROON eee each a seit oe Mone nates 
(Ginowanel ORR ~odaeeseoase oo aeebeasc aces seeercoasecuspoceore lsapresroce 2DSSO Mees aah mele cy eee 

SE MTEiEs Demme ern a AAMAS AULT) oc Ge REA Tu 3520014 vegiemi| i 2000) eae 
INTIDROIROA S54 58S da a Soe Ree ae ATC CREE ae ie te ele tg ae | rege eS gL ease | Ua 27.40 

Roughage: 
MT XC Cen ayers see cee eters eo. eee Sera ne eo he ac ee ae 8.00 8.00 8.00 10.00 
PANE eae ee ee pa eee aia are Seaside hewn Jeera totais as aieeteae 12.00 12.00 15.00 
(CORI SHOW ET SE Ge Se ESSE CONE Cea Re ee cn a se ANOOR| Ree seeaeee 4.32 4.00 

Seg, Geen ee pie a OR EI ys a { Sees \ 4.00 4.00 
Wornnpoddenk(Cuitieneem)) sere seen se ci eile res Sesto aera Spey oe EGON yore aan | ier eae 

Pasture: 1 
EGES UpyCelte et steps sey tase eee re 2 Bas Mra eatslaaeran ee -40 43 -50 -50 
Second py caiees rsa seh eee Ne ears cans emanates ee eae -50 -50 . 64 | 75 

1 Average price per head per month. 

The yearly prices are obtained by dividing the total quantity of feed 
consumed during the year by the total cost. The prices of feeds 
did not change materially during the four years. However, two 
slightly different yearly prices must be considered in determining the 
feed costs shown in Table XIII by any one group of heifers. The 
hay prices were advanced the last year, and silage was increased when 
the cost of growing it was found to be not less than $4 per ton. The 
grain prices represent normal variations. The lower prices for bran 
were due to purchases in carload lots. The price of pasture was 
increased to correspond with the rise in the prices of other feeds. 

Considering that feed makes up practically two-thirds of the total 
cost of growing a heifer (Table XIII), it is apparent that a general 
imcrease or decrease in prices would materially affect the total cost. 
An increase of 10 per cent in the price of feeds would add approxi- 
mately $4 to the cost of the heifer. This factor alone will cause 
a wide variation in the cost of growing heifers in different sections 
of the country, owing to the widely varying prices of the principal 
farm feeds. 
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It is of interest to compare the cost of growing heifers on the 
Brigham farm with the results on the cost of feeding heifers pub- 
lished in Bulletin 63 of the Storrs Agricultural Experiment Station. 
In the one case the heifers were grown under actual farm conditions; 
in the other under careful supervision at a State experiment sta- 
tion. In each case the cost of feed is very nearly the same. The 
first-year feed cost at the Storrs station was nearly $28, while at the 
Brigham farm it was approximately $25. When allowance is made 
for the higher feed prices charged at the Storrs station the feed 

costs for the first year check very closely. The feed cost for the 
second year at the farm is somewhat lower than at the Storrs station, 
owing to the fact that Mr. Brigham fed no grain during the second 
year. 

The cost items other than for feed have been estimated at the 

Storrs station, whereas these same items are based upon accurate 
data for the Brigham farm. At the Storrs station the total cost is 
given at $66 for the heifer 2 years of age, while the Brigham records 
show the cost to be $61.41. Had Mr. Brigham credited the calves 

with only $5 for manure, as was done at the Storrs station, the net 

cost of the heifer would have been increased to $64.41. Thus the 

results of these investigations, carried on under different conditions 
and in different sections of the country, substantiate each other, and 
in each case they indicate that a heifer can not be raised properly up 
to 2 years of age for less than $60. 

Although the practice on the Brigham farm is to have the heifers 
enter the herd at the age of 2 years, in many dairies they do not 
freshen until about the age of 24 years. In such cases the cost of 
the heifers at milking age will be nearer $75 than $61.41. 

SUMMARY. 

The average net cost of a dairy heifer 1 year old is $39.52, which 
consists of its initial value, $7.04; feed, $24.67; labor, $4.45; other 

costs, $6.36; total, $42.52; credit for manure, $3. 
The average net cost of a dairy heifer 2 years old. is $61.41, which 

consists of its initial value, $7.04; feed, $40.83; labor, $7.81; other 

costs, $13.73; total, $69.41; credit for manure, $8. 
The most important item of cost is the feed, which is 65.5 per cent, 

or nearly two-thirds of the total net cost of the heifer. Labor forms 
12.5 per cent, and all other costs 22 per cent. 

One-half of the feed cost the first year and one-third for the full 

two years is for whole and skim milk. 
By far the most expensive period in the life of the calf is the first 

four weeks, the cost being nearly double that for any other four-week 
period. This high cost is occasioned by its being dependent almost 
entirely upon whole milk. 



THE COST OF RAISING A DAIRY COW. ee: 

The man labor required in raising a heifer is about 40 hours dur- 
ing the first year and 23 hours the second year. The total cost of 
man and horse labor for the two years is close to $8. The manure 

produced during the two years has been valued at $8; consequently, 

the cost of labor is practically offset by the value of the manure. 

The item “ Other costs” consists of expenses usually overlooked in 
estimating costs. These are interest, charge for the use of buildings 
and equipment, expense for bedding, miscellaneous expenses, a share 
of the general expenses for the entire farm business, and a charge to 
cover losses by death and discarding. The total for these forms 
nearly one-fifth of the total cost of the 2-year-old heifer. 

If the cost of raising a dairy heifer on the Brigham farm is typical 
throughout the dairy regions, the usual price received for such heifers 
will not pay the cost of producing them. This is especially true of a 
heifer sold at 1 year of age. 

These investigations of the cost of producing a dairy heifer seem 
to indicate that a heifer entering the dairy herd at 2 years of age 
must be worth at least $60 to cover cost only. It would appear that 
a farmer can not afford to raise a heifer calf that will not sell for 
more than $60 at 2 years of age. 
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POSSIBLE AGRICULTURAL DEVELOPMENT IN 

ALASKA. 

By Lryi Cuuspsuck, Agriculturist, Office of Farm Management. 

INTRODUCTION. 

Two seasons were spent in the investigation of Alaskan agri- 
cultural possibilities. During the first season the south-coast area 
was studied. The second season’s work included the Yukon diain- 

age and points on the south coast, some of which had been visited 
on the former trip. 

WHAT THE TOURISTS SEE ON THE SOUTH COAST. 

The route from Seattle is by a winding, narrow course, over 
still waters, through archipelagos of mountain islands that front 
the mainland all the way from Puget Sound to Skagway. The 
1,000-mile journey is a boat ride through mountain canyons. The 

mountains on both mainland and islands are snow capped, and com- 

ing from the snow fields are numerous waterfalls that are empha- 
sized by the dark cloak of spruce that drapes the land from the 
water’s edge to snow line. 

The mountains increase in height and consequently in extent of 
snow fields toward the north. The tourist naturally concludes that 
this is the result of the higher latitude. After four or five days’ 
travel northward glaciers are seen on the sides of the mountains. 
When near Juneau the steamer may turn from its course and run 
into Taku Inlet, to give the passengers a near view of a glacier that 
reaches tidewater and is discharging icebergs into the sea. : 

With many of the tourists Juneau, the capital of Alaska, or Skag- 
way, 100 miles farther north and the end of navigation by this route, 
is aS far as they go, possibly returning to Seattle on the same boat. 
If this is so, all they have seen of Alaska is a 400-mile stretch of 
channel between the forest-covered mountains that constitute the 
100-mile wide strip of southeastern Alaska. If they go on to Seward, 
the end of the steamer run, with calls at Cordova and Valdez, trav- 
eling nearly 1,000 miles farther along the south coast of Alaska to 
the westward, they will see magnificent views of other mountains, 
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glaciers, and illimitable fields of snow. The tourist has traveled 
nearly 2,000 miles from Seattle by this route, but he has seen only 
the narrow southeastern projection of the Territory and a small sec- 

tion of the south coast of the mainland. He has seen, however, what 
has given to the world the most commonly accepted opinion of 
Alaska. Erroneous as is the opinion thus developed of the Terri- 
tory as a whole, it is the more remarkable that it is quite as far 
wrong respecting the portion that comes under observation, for, 
notwithstanding the prevalence and close proximity of the snow 
and ice fields on the south coast, the fact remains that this portion 
of the Territory has a comparatively mild climate. To get a clear 
understanding of how this can be and of Alaskan climatic condi- 
tions in general, a brief description of the physical features of 
Alaska will be in order and necessary to a consideration of the 
agricultural possibilities. 
A glance at a map of North America will show that Alaska com- 

prises the northwestern end of the continent. The Territory all lies 
west of longitude 141° W., excepting the narrow strip that extends 
from Mount St. Elias along the shore southeastward some 600 miles, 
the extreme southern point touching latitude 54° 40’ N. The long pro- 

jection extending out from the southwestern coast, forming the 
Alaska Peninsula and the Aleutian, Islands, goes so far to the southwest 
that the farthermost island, Attu, is in the longitude of New Zealand, 
173° E. Exclusive of the southeastern and southwestern projections, 
Alaska lies between longitude 141° and 166° W. and latitude 60° 
and 70° 30’ N. The mainland is about 700 miles from north to south ~ 
and 700 to 800 miles from east to west. The total area is about 
600,000 square miles. This area is thrust out from the main conti- 
nental land mass, so that it is surrounded on three sides by great 
bodies of salt water differing greatly in temperature. The Arctic 
Ocean is on the north, Bering Sea on the west, and the Pacific Ocean 
on the south. The waters of the first are very cold, of course, because 
of the drift from the polar region. This drift extending through the 
Bering Strait makes the Bering Sea also quite cold. The drift of 

warm water from the southern Pacific Ocean northeastward modifies 
quite markedly the temperatures along the south coast, just as it 
does all along the western coast of the United States. Quite different 

climatic effects are thus produced on their respective shores by these 
different bodies of water. How far these effects extend inland de- 
pends much upon the topography of the country. 

THE MOUNTAIN SYSTEMS OF ALASKA. 

Alaska is distinctively mountainous, with two well-defined sys- 
tems, one fronting the Arctic Ocean on the north and the other the 
Pacific Ocean on the south. Between these systems is a great plateau 
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that forms the drainage area of the Yukon River and is occupied by 
innumerable detached mountains and mountain masses. ‘There are 
no extensive level plains and very little level land, this being limited 
to the alluvial bottom lands along the larger streams, notably the 
Yukon Flats. 

The northern or Arctic mountain system, most clearly defined in 
the Endicott Range, is a continuation of the Rocky Mountains, the 
‘Continental ~ Divide, which, continuing northwestward through 
Canada, reaches the northern coast of the continent near the boundary 
between Canada and Alaska, and then swinging sharply to the west 
extends across the northern portion of Alaska. The altitudes in this 
system within Alaska are not high, the maximum being not more 
than 6,000 feet, with the result that there is but a small perpetual 

snow and ice field. The northern slope toward the Arctic Ocean is a 
barren and for the most part unexplored wilderness. It is drained 
by a number of large rivers. ‘ 
~The Pacific mountain system, which fronts the south coast of 

Alaska, demands more attention, for it is not only that which has 
developed public opinion regarding Alaska, but it is the dominating 
physical factor. It is the extension of the Coast Range of the 

United States, with which the Sierra Nevada coalesces in northern 
California and continues northward through Oregon and Washing- 
ton as the Cascade Mountains. North of Puget Sound the sea has 
broken into the mountain fastnesses along a 1,000-mile stretch until 

the St. Elias Range is reached, where, with increasing height, the 
sea 1s forced back outside of the coast line. Northwestward from 
Mount St. Elias the range widens into a system, with the Chugach | 
and Kenai Mountains immediately on the coast, and back of these 

the Wrangell and Nutzotin Mountains. These, with the minor 
ranges, merge into the Alaskan Range that swings southwestward 
and continues out on the Alaska Peninsula as the Aleutian Range, the 
whole mass forming the arc of a great circle. The system, extend- 
ing in width from the water’s edge to 200 miles back from the coast, 
is of great altitude, the maximum being Mount McKinley, in the 
Alaskan Range, 20,464 feet. Mount St. Elias is 18,024 feet high, and 
Mount Blackburn, in the Wrangell Mountains, is 16,140 feet. 

Right here in this mountain mass, occupying an area 200 by 
400 miles in extent, is the dominating fact that always must be borne 
in mind when studying Alaska, namely, the effect on the moisture 
with which the warm air currents from the sea are laden. Striking 
the cold breasts of these high mountains, the moisture in the air is 

condensed and precipitated as snow on the high levels and as rain 
lower down, 90 inches being the average annual precipitation at 
Sitka, while at a number of points on the coast in southeastern Alaska 
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150 inches annually have been recorded. This heavy snowfall at the 
higher levels, accumulating through the ages and solidifying into 
ice, forms the great glaciers, and we have here on the south coast of 
Alaska in this 200 by 400 mile area, much of which lies plainly in 
sight from the decks of steamers, the most extensive permanent snow 
and ice field in the world, outside of the polar region. In fact, nearly 
all of the permanent snow fields and glaciers of Alaska are in this 
area, there being, strange as it may seem, comparatively few that lie’ 
wholly north of the Arctic Circle, even in the Arctic mountain system. 
At the shore line of this same south-coast snow and ice field, in sight 
of the great glaciers, the temperatures are so high in winter that zero 
is rarely reached. The winters at Sitka, Juneau, and other points in 
southeastern Alaska are never as cold as they are at Washington, 
D. C., though the mean annual temperatures are about the same, the 
summers on the Alaskan coast being cooler than those in Washing- 
ton. But it does not follow that because the south coast has a mild 
climate the conditions are favorable for agriculture. The cool sum- 
mers and excessive precipitation, with much cloudy weather, are dis- 
tinctly unfavorable, excepting for the growth of grass, garden vege- 
tables, and small fruits. Vegetation is slow in maturing, and the 
curing of hay and grain quite difficult; to which may be added the 
fact that land available for tillage is very limited because of the 
mountainous topography. 

Two considerable drainage areas are on the seaward side of this 
Pacific mountain system, that of the Copper River, which heads in 
the Nutzotin and Wrangell Mountains, and that of the Susitna, 
which heads in the Alaskan Range. In the valley of the Chitina, 
which unites with the Copper River 100 miles back from the coast, 

and in the valley of the latter above that point, there are areas of 
possible tillable land in flats and benches along the streams. <A few 
homesteads have been located in these areas. Because of the Chugach 
Mountains that lie between these areas and tidewater to the south, 

the precipitation is very much less than immediately on the coast | 
and the extremes of temperature are greater, the summers being 
warmer and the winters much colder. 

Passing westward into the Cook Inlet region, we find in the valley 
of the Susitna and that of the Matanuska, both of which streams flow 
into the Cook Inlet at the north end, and extending down the east 
and west shores of the inlet, particularly on the east shore, to the 
southern end of Kenai Peninsula, considerable areas of tillable land. 
On the east side, near Seward, at the head of Resurrection Bay and 
up the river of that name, is a limited area of tillable land with a 
number of good homesteads. There are other homesteads at Sun- 
rise, Hope, Knik, Kenai, and other points in the Cook Inlet region. 
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Precipitation. is much less at Seward than at the more eastern points 
on the south coast, and winter temperatures are lower; still, the 
climate is comparatively mild, so that the harbor is never icebound. 
To the west of the Kenai Mountains, which form the southwestern 

extension of the Chugach Mountains, the precipitation becomes much 
less and winter temperatures much lower. 

The south portion of Alaska is a heavily timbered area, a natural 
result of the heavy precipitation and equable temperatures. The tim- 
ber is largely spruce, with some hemlock, and groves of poplar on the 
alluvial bottoms. Proceeding southwestward along the Alaska Pen- 
insula and adjacent islands, the timber decreases and disappears 
entirely beyond the north end of Kodiak Island. The islands and 
mainland are quite mountainous, level land being limited to narrow 

strips along the beaches and to the numerous coves that indent the 
shores. Grass in great variety and luxuriance clothes the land from 
water to snow line and makes this the best grazing area of Alaska. 
At Kodiak, on the island of the same name, is an experiment station 
of the Office of Experiment Stations, United States Department of 
Agriculture, maintained as an animal-husbandry station. A herd 
of Galloway cattle and a flock of sheep are kept. A number of 
private live-stock enterprises are being established on Kodiak and 
neighboring islands. The stock is grazed during the summer, and 
winter forage is provided mainly from the native grasses that aré 
cut for hay and silage. 

TOPOGRAPHY OF THE GREAT INTERIOR. 

Having considered briefly the topography, climatic conditions, 
and agricultural features on the seaward side of the mountains that 
front the south Alaskan coast, let us proceed to the great interior 
plateau. In the winter time the route is overland from the south 
coast. From: Seward one can go by rail 70 miles on the Alaska 
Northern Railroad, then by trail to Iditarod in the lower Yukon 
Valley. From Valdez a Government-built wagon road runs to Fair- 
banks on the Tanana; or, one can use the Copper River & North- 
western Railroad 185 miles from Cordova to Chitina and thence by 
Government trail to Fairbanks. The last is the winter mail route 

to the interior, and a regular stage service is maintained, there being 
‘stage stations at the end of each day’s run. Notwithstanding the 
route is over the mountain ranges and very low temperatures are 

experienced, the trips are comfortably made. 

Summer travel by team is not yet feasible by these routes, because 
of the wet and boggy condition of much of the land, due to the melt- 
ing at the surface, with a frost line a few feet below that prevents 
the escape of the surplus water. So the summer route to the interior 
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is by steamer from Seattle to St. Michael, at the mouth of the Yukon 
River, then up this stream on the river boats; or, from Seattle to 

Skagway on deep-water boats via the inside passage, from Skagway 
to White Horse, Yukon Territory, on the White Pass Railroad, 110 
miles over the range, and then by Yukon River steamers. On the 

latter route 20 miles on the railroad carries one to the summit of the 
range that separates the coast from the interior and puts the traveler 

in the Yukon drainage area. White Horse is at the head of navi- 

gation on the Yukon, the White Horse Rapids being a bar to farther 
travel upstream. Downstream it is 560 miles to where the river 
crosses the international boundary near Eagle, Alaska, about 125 
miles south of the Arctic Circle, and it is 1,500 miles from Eagle 
to St. Michael. The Yukon, with its tributaries, has nearly 4,000 
miles of navigable water. It is the fifth in size of the rivers of 
North America, and it drains an area of 200,000 square miles. 

The great interior of Alaska is essentially a mountainous area, 
although the mountains between the Endicott Range on the north 
and the Alaskan Range on the south are more or less detached and 
of quite moderate altitude. 

Level areas in the interior are for the most part limited to the 
alluvial bottoms along the streams. The most pronounced exception 
to this is in the Yukon Flats. About 200 miles downstream from 
Eagle the river passes into an area 150 miles long and 50 to 75 miles 
wide that is quite level. The river banks are low and the stream 
divides into innumerable channels, thus forming a myriad of islands. 
Dense growths of spruce and poplar occupy the land, with occasional 

grass meadows. For the most part the bottom lands comprise a 
strip on one or both banks of the larger streams, rarely exceeding a 
couple of miles in width. Next to the bottoms there may be benches 
which merge into low hills, and these into the mountains that make 
up the larger proportion of the area. The bottom, bench, and low 
hili lands are, of course, those that are suitable for farming, the 
higher hills and mountains being more or less available for grazing. 

The low hills having a southern exposure, and particularly if coy- 
ered with a growth of birch, are the best suited to tillage. The 
benches with comparatively high banks above the streams and free 
from gravel banks are the next best. The low-lying bottom lands, 
lacking both water and air drainage, are the least desirable for farm- 

ing purposes. 

The largest area of tillable land thus far located in the interior is 
in the Tanana Valley, extending 20 to 30 miles above Fairbanks and 
downstream to the junction of the Tanana with the Yukon. The 
Kuskokwim River, which rises on the northwestern slope of the 
Alaskan Range and flows southwest into Bering Sea, occupies a 
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great and little- explored region, and it is quite Beetle that there 

are large tillable areas in its valley. 
Small areas of land for gardens may be found even above the 

Arctic Circle along the Koyukuk, Chandalar, and other Yukon tribu- 
taries that come in from the north. The Kobuk River, which empties 
into. Kotzebue Sound above Seward Peninsula and lies wholly above 
the Arctic Circle, is said to offer some farming and gardening 

possibilities. 
CLIMATE OF THE INTERIOR. 

Climatic conditions of the interior are determined by the latitude 
and its relation to the bodies of water and mountain systems al- 
ready mentioned. Much of the area of the interior, particularly 
the Tanana Valley and the upper Yukon Valley in Alaska, lies north 
of latitude 64° N., and extends above the Arctic Circle. Cut off from 
the tempering influence of the warm waters of the Pacific that have 
so much effect at the coast, both with reference to temperature and 
precipitation, the result 1s hght precipitation, short but quite warm 
summers, and long, cold winters. It must be remembered that, while 
the summers are short in number of days, there are 18 to 20 hours of 
sunshine daily during the growing season, and that this, with com- 
paratively high temperature, causes very rapid growth of vegeta- 

tion. The lower Yukon and Kuskokwim region is in a lower lati- 
tude, but this is counteracted by proximity to the cold waters of 
Bering Sea, with no protecting mountain range to arrest the cold 
air currents. 

As a result of the long winters, and, generally speaking, low tem- 
peratures, during which the ground is deeply frozen, and the short 
summers, there is frozen earth even in the summer time within a few 
feet of the surface over much of Alaska. Because of this frost line 
the moisture from the melted snow on the ground and the frost in it 
can not drain away and can escape only by evaporation. This con- 
dition of slow melting and evaporation is emphasized by the vege- 
table growth and particularly the moss, which is a most efficient non- 
conductor of heat as well as an excellent sponge for holding moisture. 

Over much of Alaska during the summer there is, then, a thin 
stratum of saturated earth with its protecting coat of moss or other 
vegetation, forming for the most part a morass impassable for 
wheeled vehicles and almost impassable for horses. Land travel by 
teams is therefore practically out of the question in Alaska during 
the summer, even where the mountains and timber growth do not 

interfere. But with a coast line of 26,000 miles and 6,000 miles of 
navigable rivers, one of which, the Yukon, bisects the territory with a 
1,500-mile waterway, Alaska is marvelously well supplied with facili- 
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ties for water travel during the summer season. But as the streams 
are icebound from early in October until June and only the harbors 
on the south coast are ice-free during the winter, the dog team and 
sled are still the most general and widely used mode of conveyance 
in winter, although horses are being used more and more during this 
season on established lines of travel. 

VEGETATION. 

Mention has been made of the heavy timber growth on the south 

coast, largely of spruce, with some hemlock and areas of poplar on 
some of the alluvial bottoms. In the Susitna Valley there are exten- 
sive belts of poplar, some of which is good saw timber. 

ic, 1.—Native grass and tundra-sod ice house, St. Michael, Alaska, July 29, 1911. 

Practically all of the interior that comes within our purview as 
possessing agricultural possibilities is timbered, but for the most part 
the growth is small and thin. Spruce is the most prevalent. There 
are belts of balm of Gilead poplar at the lower levels and quaking 
aspen nearer the snow line. Birch groves occupy many of the benches 
and low hills adjacent to the river bottoms. If not destroyed by fire 
and undue waste, there is enough timber in the interior to meet the 

needs of a largely increased population. 
Grasses in great variety are native to Alaska (fig. 1) and are widely 

disseminated, many of them being of large agricultural value for hay 
and silage and for grazing. Wherever the timber is destroyed by fire 
or cut away, grasses at once spring up and make a luxuriant growth. 

Other native vegetation of agricultural economic value includes a 
considerable variety of wild fruit—salmon berries, red and black 

Ee 
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currants, gooseberries, cranberries, blueberries, and other edible 
small fruits that are found in plentiful quantities over wide areas. 

The most widespread forms of plant life in Alaska are the mosses 
and lichens, and they claim attention both for their agricultural value 
and aeonnee they are also an obstacle to agricultural development. 

One of the lichens known as reindeer moss (Cladonia rangiferina) 
grows widely in the western half of Alaska and in all that portion 
north of the Yukon. It is the principal winter food of the domesti- 
cated reindeer. 

Reference has been made to the water and frost holding character- 
istics of the moss growth. It is this that makes the moss an impedi- 
ment to agricultural development in sections where tillage is feasible. 
It appears to decay very slowly, as is the case to a certain extent with 
all vegetable matter in localities where there are but brief periods of 
warm weather, so that a coat of moss varying in thickness from a few 

inches to a number of feet accumulates over much of the land surface. 
Even in those portions of Alaska where the winters are compara- 
tively mild, but the summers cool and moist, the frost will be so near 

_ the surface under a coat of moss that at any time during the summer 
a cane may be thrust through the moss tothe frost line. Under these 
wet and cold conditions and the slow decay of the vegetation the soil 
is quite acid, as is evidenced by much of the plant growth, the species 
being those that grow on land that is too sour for most farm crops. 
When the timber and other plant growth, including the moss, is 
removed from the land, thus giving the heat of the sun and the air a 

chance to penetrate the soil and dry out the moisture, the frost line 
goes lower each season until it ceases to be an injurious factor, and 
in the meantime the acidity of the soil grows less. 

THE SOILS OF ALASKA. 

Alaskan soils have their origin largely in material formed by 
glacial action. They are not very rich in available plant food, as _ 
a rule. The vegetable matter that has accumulated on the surface 
is in such a partially decayed and acid condition that it is quite apt 
to be injurious to some cultivated plants. This is quite pronounced 
even in the regions of mild temperatures and abundant rainfall, as 
in southeastern Alaska, where vegetation is luxuriant and the soil 
is apt to be quite peaty and mucky. In fact, extensive beds of peat 
exist in various portions of Alaska. Wherever there has been sufii- 

cient drainage and the vegetable matter has fully decayed there is a 
rich black loam of varying depths; but these areas are limited to 
small valleys, some of which are the dried-up beds of former shallow 
lakes. The alluvial deposits along the larger streams contain 8 
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soil, but there are many gravel beds that have only a thin covering 
of fertile soil. Much of the soil, particularly of the benches and 
low hills, is composed largely of material deposited by the melting 
of the ice sheet that formerly covered the land. 

Drainage is an important and widespread need in Alaskan agri- 
culture, not merely in the southeastern section where the rainfall 
is so abundant, but in the interior where the precipitation is so light 
that irrigation is thought by some to be a_ possible essential. 
Wherever the soil is at all peaty, from the accumulation of partly 
decayed vegetable matter, drainage will greatly improve the con- 
dition. Shallow lakes and partially dried lake beds abound, and 
the draining of these will make available for tillage much good 
land and will be otherwise beneficial. It is noticed that wherever 

the tundra moss is disturbed in such a way that drainage has re- 
sulted incidentally, as has been done at St. Michael in connection 
with building operations, grasses come in and make a luxuriant 
growth. 

Notwithstanding the need of drainage, even in the interior, as 
has been stated, some of the settlers are of the opinion that irriga- 
tion will be necessary in certain localities, and a few have installed 
irrigation systems. It is not probable, however, that irrigation will 
be a general or pressing need. The ground is usually frozen to a 

great depth during the long and severe winters and, of course, thaws 
quite slowly after the frost line has fallen a foot or so. So long 
as there is frost in the ground drainage will be retarded, and as the 
frost slowly melts it will supply moisture by capillarity to the surface 
soil. The shortness of the growing season and the tendency of 
vegetation to rapid growth and early maturity under the influence 
of the almost continuous sunlight will lessen the need of irrigation. 

POSSIBLE AGRICULTURAL AREAS. 

So far as topography, soil, and climate determine the matter, 
Alaska has probably 100,000 square miles of area on which there 
are possibilities for farming and grazing. The larger portion of 
the farming land is in the interior, in the Yukon drainage. Not- 
withstanding the mildness of the climate and the accessibility of 

the south coast, the precipitous topography to the water’s edge makes 
tillable land very limited, particularly in the southeastern section, 
where the excessive precipitation and much cloudy weather are also 
agricultural handicaps. Of tillable land contiguous to the south 
coast from southeastern to southwestern Alaska, probably not more 
than 1,000 square miles are available. In the Copper River drain- 

age, 100 miles back from the coast, there are possibly 2,000 square 
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miles of such land, and not less than 3,000 square miles in the Cook 
Tnlet region, including the Matanuska and Susitna drainage areas. 
‘It is estimated that there are 8,000 square miles of tillable land in the 

Tanana Valley and possibly twice that area in other portions of the 
Yukon drainage, much of this being in the Yukon Flats. 

IS FARMING FEASIBLE IN ALASKA? 

Tt is hardly necessary to prove that agriculture is feasible in 
Alaska other than by citing examples of successful gardening, farm- 
ing, and stock raising at widely separated points. First in impor- 
tance is the agricultural experiment station work of the United 
States Department of Agriculture that has been carried on by the 
Office of Experiment Stations for 15 years. There are four of these 

stations; one at Sitka, the headquarters station, in southeastern 
Alaska; one at Kodiak, in the southwestern portion; and two in the 

interior, one of which is at Fairbanks on the Tanana and one at 
Rampart on the Yukon, the latter being within 75 miles of the 
Arctic Circle. Stations were successfully maintained for a few years 
at Copper Center, in the Copper River Valley, 100 miles from the 
coast, and at Kenai, on the eastern shore of Cook Inlet. 

At the Sitka station much work has been done in the. testing of 
varieties of potatoes and other vegetables, making fertilizer ex- 
periments, and in the hybridizing of fruits. In this last work some 
very promising results have been obtained in crossing the native. 
strawberry with cultivated sorts. The Fairbanks station is being 
conducted largely as a demonstration of the feasibility of farming 
as a business. At Rampart much attention is given to the testing 
and breeding of varieties of grains suited to the climate. Varieties 
of wheat, oats, rye, and barley, and of potatoes and many other vege- 
tables have matured every season since the work started at these two 
most northern stations. The Kodiak station is devoted to animal- 
husbandry work, and an effort is being made to develop dairy cattle 
suitable to Alaskan conditions by selection and breeding from the 
herd of Galloway cattle now at the station. Sheep husbandry is 
also being given attention. 
til home and market gardens are found at numerous points 

in southeastern Rees Tinea, Haines, Skagway, and Seward; in 
the Cook Inlet region (fig. 2); and all along the Yukon and Panwa, 
Some of the more hardy vegetables are grown in favorable localities 
far above the Arctic Circle, on the Chandalar, Koyukuk, and other 
streams. A successful cattle raiser is located on a homestead near 
Juneau; a homesteader at Circle, on the Yukon, is establishing a 
herd and building silos and barns; and there are good dairies at 
Juneau, phaeaay, Fairbanks, and Nome. 
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EXAMPLES NEAR THE COAST. 

That it is feasible to grow forage crops at Kodiak has been demon- 
strated, and potatoes and other garden vegetables are successfully 
grown. Mr. M. D. Snodgrass, superintendent of the Agricultural 

Fic. 2.—Gardens on the south slope facing Cook Inlet, Kenai, Alaska. 

| Experiment Station at Kodiak, is proving the feasibility of raising 
chickens and, besides supplying a local demand, is sending occasional 
shipments of eggs and chickens by steamer to other south-coast points. 

Fic, 3.—Otto Bergstrom’s potato’ field on cut-over timber land, Seward, Alaska, August, 

1910. 

Near Seward, on Resurrection Bay, the tidewater terminus of the 
Alaska Northern Railroad, a number of farmers are located, among 
whom are Ole Martin, Otto Bergstrom (fig. 3), and W. A. McPher- 
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son. These men have abundantly demonstrated that the climate and 
soil in this locality will permit a considerable agricultural develop- 
ment. Limited markets and lack of a wagon road connecting the 
farms with the town have been the chief difficulties. Ole Martin 
keeps chickens and says they do well. Mr. McPherson writes under 
date of July 8, 1912: 

We have the wagon road to Seward and are making a little more headway 

with our farms, for we are using horses now. The road is very useful, but 

is not yet ready for wheels. We had a very early spring this year and started 

Gur gardens in April. Our crops are looking splendid. The Alaska weather 

seems to have changed very much, and the change is for the good of the gardens, 

so we will have good crops this year, but the market will be very poor, because 

so many people are leaving Seward until the times get better. * * * Two 

Tic. 4.—Garden of cabbage and potatoes, Knik, Alaska, August, 1909. 

or three new homesteads have been located at Kenai Lake within the past year. 

Otto Bergstrom, Ole Martin, Mr. Nash, and I have made quite a little more 

improvement on our homesteads since last fall. We all broke a little more land. 

About 100 miles north of Seward, at the head of Cook Inlet, is 
another group of homesteaders near the town of Knik (fig. 4). 
Others are located at Sunrise and Hope, on Turnagain Arm. Knik 
may be reached by ocean steamer from Seattle, or from Seward over 
the 70 miles of track of the Alaska Northern Railroad to Kern Creek, 
and from that point by gasoline launch through Turnagain and 
Knik Arms. When extended into the Matanuska coal field and to 
the interior, the railroad will pass through the Knik region. The 

agricultural possibilities of the region are indicated in part by the 
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following statements contained in a letter dated June 26, 1912, from 
Hiram W. Mitchell, a homesteader near Knik: 

The following figures showing last season’s agricultural productions in the 

Knik neighborhood are based on estimates, but I think they are accurate: 

Potatoes; s: tons, at 6100) per toni 222222) eee $800 

Cabbage.o2s tons 252 32 on ee 250 

Rutabagas, beets, carrots, turnips, ete., 2 tons-__---___--____ 200 

Other products in small gardens, about____________-___=___ 100 

Oat and barley hay, 3 tons, at $75 per ton as compared with 

outside hay 2-=25 22) 42 ee ee 225 

Native hay, 50 tons, some used by producer and some sold, 

generally valued at $40 per ton, but compared with out- 

Side thay .at $25.2... 12 ee ee ee 1, 250 

The present price for potatoes and garden truck is 5 cents per pound. 

In connection with the foregoing figures, the following estimates are made 

by Mr. O. G. Herning and myself as to farm products that are shipped in by 

the merchants and which might have been produced here: 

Pork, bacony:and hamus 2. =. 2: eee $4, 000 

3 NPs 2. ee oa Se ee 2, 000 

ard 2:2. 3 ee Se ee eee 1, 500 

Potatoes, 12 tons at. $1082.22 223.) eee eee 840 

Butter. 22 280s ee ee ee 2, 000 

Milk, evaporated... U2 ee ee eee 1, 200 

Same class of goods brought in by mining companies, esti- 

mated... eee ee 5, 000 

Pressed hay, 200 tons: at-$60__-3- eee eee 1,.200 

Oats forshorses 220 = eee 8, 000 

Motal oS 2 Se a eee 25, 740 

These estimates are based on what the goods cost the storekeeper and 

miners delivered at Knik. Adding the value of the products grown by the 

homesteader, $2,825, we have a total of $28,565. 

It shows that there was a market here for nearly or quite $30,000 worth 

of farm products, all of which might have been grown here. In short, it means 

that 30 homesteaders could each have sold $1,000 worth of produce for home 

consumption. Of course, to have secured these $30,000 it would have been nec- 

essary to haye had horses, cows, hogs, hens, and tools. There is not at present 

a cow or hog here and only 40 or 50 hens in this whole big region. There is not 

a real farm here. * * * 

There is no doubt that oats and barley will grow well here, both for hay and 

grain, and I don’t see why we can not produce meat, pork, beef, and mutton 

for this country and to send to Seattle, too. Here is a great big country from 

the mouth of the Matanuska River clear across to the Susitna, partly sur- 

yeyed. If cleaned up and settled on, I believe the stream of bacon, beef, eggs, 

milk, butter, etc., could be turned around and made to fiow to the “ outside” 

instead of from there here. Farm machinery can be used here. With brains, 

grit, and perseverance, farmers can do as well here as elsewhere, and they are 

needed. 
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Proceeding eastward along the south coast to Corclova, the tide- 
water terminus of the Copper River & Northwestern Railroad, and 
northward on this road 131 miles, we come to the mouth of the 
Chitina, the largest affluent of the Copper River. The railroad, 
which ultimately will be continued on up the Copper River to the 
interior, now turns eastward up the north bank of the Chitina to the 
Bonanza copper mine, 196 miles from the dock at Cordova. From 
the mouth of the Chitina the road lies on a bench with banks quite 
high above the river. This bench is 50 to 60 miles long and averages 
from 5 to 6 miles in width to where the high mountains lying to the 
northward develop. This bench, with its southern exposure, has 
conditions quite favorable for farming. The district also has the 
advantage of being connected by rail with regular steamers at Cor- 
dova and of being contiguous to the rich copper and other mineral 
fields that will soon afford good markets for farm products. 

Wie. 5.—Thomas Knudson’s dairy herd and homestead, 10 miles from Juneau, Alaska, 

May 23, 1911. 

A number of homesteads have been located on the bench mentioned. 
The locator of one of these, George W. Wolfe, writes, on February 
25, 1912, as follows: 

I have now on my place about 12 acres cleared and plowed ind ready to put 

under cultivation. I believe that I told you irrigation would be necessary in 

this section, and to meet this need have dug an irrigation ditch about one-half 

mile in length, but cold weather coming on, I could not finish this, and it will 

probably take a month for two men in the spring to put it in condition to carry 

water. Furthermore, as I had my team to take care of during the winter, I 

got out enough logs and timber to do for all necessary buildings. You are 

probably aware that it is no small undertaking for anybody to cultivate land 

in Alaska, or elsewhere, unless he has ample means to see himself through for 

a couple of years. I am solely dependent on what I can earn during the few 

months of winter, which is not enough to keep me going during the summer. 

This seems to be the only drawback that I know of to farming here. Last fall 
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I bought a team of horses to do my plowing, expecting that I would get some- 

thing for the team to do during the winter, even if only enough for horse feed, 

but was compelled to sell them about a week ago for half what I had paid, as 

I couldn’t get work for them to do. Horse feed at $70 a ton will soon eat up 

a team. I do not know that I will be able to accomplish very much on my place 

this summer, as I am practically out of funds and am compelled to get work 

elsewhere to earn a little money. By that time the season will be far advanced, 

and it will probably be too far to get in any crop at the right time. 

Juneau, the capital, although located on rather than at the foot 
of the mountains, has many private flower and vegetable gardens, a 
number of market gardens, and a dairy of 10 to 15 cows. Twelve to 
fifteen miles out from the town there is a group of homesteads. On 
one of these homesteads Mr. Thomas Knudson (fig. 5) maintains a 

Fic. 6.—Native-grass sward. showing first breaking and Jerseys grazing, J. J. Rath's farm, 

Haines, Alaska, May 29, 1911. 

herd of 50 cattle and sells 30 to 40 pounds of butter weekly in Juneau, 
where he also sells his surplus cattle as dressed beef. He uses a 
separator and has a silo. Silage made from the native grass forms 

a considerable part of his stock forage. 
Haines, Alaska, is 100 miles north of Juneau and near the end 

of the 1,000-mile “inside route” from Seattle. There are five or 

six homesteaders near the towns, who are helping to prove the feasi- 
bility of farming in Alaska. 

Henry Andes writes on June 18, 1912: 

My crop last year was fine. I put in about one-half of my garden to potatoes 

and got 65 sacks, at the rate of about 500 bushels to the acre. My sawmill, all 

7 _ 
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the lumber, and 200,000 feet of logs burned. * * * The heat from the fire 

blighted my apples so only two ripened, but this year the trees are loaded with 

green fruit. I will let you know in the fall how it came out. We had the army 

worms here this year. They took all my cabbage and a great many other things; 

but they have disappeared now, and everything is looking fine. I had to replant 

- twice. 

J. J. Rath began late in the season of 1910 to improve his home- 
stead (fig. 6). He writes under date of June 18, 1912: 

The outlook for this season’s crop is very favorable. Spring was about three 

weeks earlier than in 1911.7 I sowed field peas and barley together on a gravelly 

soil. They look well. Japanese millet on a clay soil where buckwheat was 

grown last season is looking fair. Brome-grass is fair to middling; oats are 

good. We had a light frost on the 11th instant that shriveled some of the top 

leaves of the devil’s-club. 

Skagway, Alaska, is a few miles beyond Haines. It is the end of 
deep-sea navigation by the “ inside route ” and the tidewater terminus 
of the White Pass Railroad... H. D. Clark is an extensive and suc- 
cessful market gardener here. One of his specialties is a half 
acre of rhubarb, from which shipments are made to Juneau, Dawson, 
British Columbia, and other points. Chickens, ducks, and geese are 
kept and make good returns. Oats are grown for hay, and hay is 
made of native grass. Mr. Clark’s neighbor keeps a dairy of 20 cows. 

EXAMPLES IN THE INTERIOR. 

‘The interior may be reached by the White Pass and Yukon River 
route, which is by train from Skagway to White Horse, British 
Columbia, and by steamer down the Yukon River about 600 miles 
through British territory to Eagle, Alaska, near the international 

boundary and 125 miles south of the Arctic Circle. 
Clyde H. Thompson writes from Eagle, under date of May 13, 

1912: 

My chickens stood the winter fine. They laid a little during most of the 

winter, and are now shelling out eggs. I get 20 to 30 a day and sell at $1.50 

a dozen. I have 40 hens, including 15 or 20 old hens, which bring the egg 

average down. Will have chicks out in about 10 days. My cow came in a 

little early this year for grass, about March 30. Feed is good now. * * * 

We had the best garden here last year we have ever had. Potatoes were as 

good as any I ever saw. I have put in some Russian wheat and Danish oats 

this year. 

The potato crop at Eagle in 1910 was about 15 tons, grown in 
small patches in individual gardens. Most of these, together with 
several tons of oat hay, were shipped to Fairbanks. 

1'The spring of 1911 was two weeks late.—L. C. 
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P. Lundeen has a 320-acre homestead across the river from Eagle. | 
He writes, under date of July 26, 1912: a 

Although last season was unusually dry, I raised a fair crop of garden truck, 

such as cabbage, carrots, lettuce, peas, radishes, and turnips, but was unable 

to dispose of any of it, as the town of Eagle is now almost deserted since 

the abandonment of the Army post; and the freight rates to more flourishing 

towns farther down the river are so high that they are positively prohibitive. 

The merchants at Fairbanks, Tanana, Ruby, Iditarod, and other points can 

obtain special contract rates from the steamboat companies, which enable them 

to lay down all farm and garden products from the States cheaper than they 

ean handle the Alaskan products. Until the matter of excessive local freight 

charges is remedied farming at a profit will be out of the question. We have 

had an abundance of rain so far this season, and my crops bid fair to excel 

anything I have had since I have been in this country. 

= > neem AY 
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Fic. 7.—Home and flower garden in Fairbanks, Alaska. (Photographed by Huey.) 

Circle is 100 miles or more downstream from Eagle, and within . 
50 miles of the Arctic Circle. Nels Rasmussen has a 20-acre field 
adjoining the town devoted mainly to the raising of oat hay for his | 
freighting teams. C. R. Rieger has a homestead a few miles out of 
town, on which he has a herd of cattle and a silo. 

At Tanana, which is at the confluence of the Yukon River and the 

Tanana, John Kehoe is growing a wide range of crops on his home- 
stead. 

Mention of Mr. Kehoe’s method of getting rid of the moss and 
putting the land in condition for cropping will indicate one of the 
difficulties of opening up an Alaskan farm. 
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Generally speaking, it is necessary to clear the land of the timber 
growth and then remove the coat of moss. The timber growth is 
‘heavy on the south coast and smaller in the interior, but is often in 
dense thickets. Present experience does not favor plowing the moss 
under, as it seems to decay very slowly and it contains properties 
that appear to be injurious to ordinary farm crops. If it can be 
destroyed by burning on the ground the effect is beneficial. Mr. 
Kehoe accomplishes this quite effectively by rigging a standing 
cutter to a plowbeam, cutting the field in narrow strips, and then 
plowing a thin furrow slice. After it has lain awhile in this con- 
dition to dry, fire will smoulder its way through the loosened layer 

of moss and semipeat and leave a sprinkling of ashes that is beneficial 
to the land. 

Fic. 8.—Tanana Valley agricultural exhibit at Fairbanks, Alaska, September 24, 1909. 

(Photographed by Huey.) 

The Tanana Valley, extending from the mouth of the Tanana 
upstream 200 miles as the crow flies, contains the largest area of 
available tillable land to be found in any one locality in Alaska. 
Within this area is Fairbanks (figs. 7, 8, and 9), the largest town in 
the Territory and the center of the greatest mining activity, which is 
principally placer gold mining. Consequently there is here the best 
local market for farm produce of any place in Alaska. Market 
gardeners, dairymen, poultry keepers, and general farmers are pros- 
pering in the immediate vicinity of Fairbanks. At Hot Springs, 
midway between Fairbanks and Tanana, large quantities of vege- 
tables are grown on J. F. Karshner’s homestead by taking advantage 
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of soil warmed by the hot springs, and also by utilizing the water 
for heating extensive greenhouses. 

Twelve miles out from Fairbanks, on the Government wagon road 
leading to Valdez, on the south coast, is the Byler homestead and 
stage station, which was visited by the writer July 9, 1911. Since 
then Jonathan Byler has sold the property. In a letter dated May 
23, 1912, he writes: 

It is not true, as has been reported to you, that the damage was great to 

my crops by frost. There was a very light frost about August 20 that nipped 

the tops of potato vines, after the bloom was dead, but it did not hurt the 

potatoes. You saw the crops growing when you were there last July and the 

land that was cleared and in cultivation, about 4 acres. One acre was in oats 
that grew about 4 feet tall, heavy on the ground and fully matured, and as good 

Pic. 9.—Mrs. J. P. Anderson’s chicken yard, Fairbanks, Alaska, 1910. 

as any new ground would produce anywhere in the United States. From the 

remainder of the ground, about 3 acres, I sold produce as follows: 

Potatoes, 184 tons, at 7 cents per pound___________________ $1, 890 

Cabbage; 1 ton, at 6 cents per pound@ess2 =) === seen 120 

Cauliflower, 200 pounds, at 5 cents per pound_____________ 10 

Carrots, 300 pounds, at 3 cents per pound_________________ 9 

Parsnips, 100 pounds, at 3 cents per pound_______________ 3 

Turnips and rutabagas, 500 pounds, at 2 cents per pound__ 10 

Onions; ‘707pounds Mes. ie eee ee 5 

Total“received— 2 2 ees 2, 047 

The oats as hay,’ about 3 tons, worth $60 per ton__________ 180 

2, 237 

This shows how much the frost damaged me in Alaska, and there are many 

others that did equally as well, and I think some did better. 

a ee ee ee a aa 

1 This hay went with the place, which I have sold. 



AGRICULTURAL DEVELOPMENT IN ALASKA. 21 

The only assistance the Alaskan farmer needs is to furnish him with the 

hardier varieties of everything that is adapted to a northern country, and any 

man who is a practical farmer can not help but make money farming in Alaska, 

This is my opinion and experience from 14 years here. 

The Salchaket Trading Post is about 50 miles up the Tanana from 
Fairbanks. W. F. Munson, the proprietor, writes from that point 
on July 16, 1912: 

I raised last year, successfully, cabbage, beets, potatoes, turnips, parsnips, 

rutabagas, rhubarb, carrots, celery, peas, cauliflower, green tomatoes for pick- 

ling, cucumbers, and kohl-rabi, all raised out of doors, and could have raised 

many more varieties, but did not have the seed. I sold very little, as we use 

the produce in the road house and have many animals to feed, such as pigs, 

cows, chickens, horses, and a young bull moose. It takes quite a lot of feed 

for the stock. Grain hay is also very successfully raised here, but does not 

mature in all places. The difficulties here are transportation and unreliable 

seed. 

‘The foregoing letters from settlers are geographically representa- 
tive of the localities in Alaska in which farming is feasible, but they 
are to be understood as giving only glimpses of the unc FAnge of 
the conditions and farming possibilities. 

GRAIN RAISING IN ALASKA. 

Wheat, rye, barley, and oats are grown and ripened practically 
every year at the two agricultural experiment stations, maintained 

by the Office of Experiment Stations, at Fairbanks on the Tanana and 
at Rampart on the Yukon. Noting the fact that the latter station is 
only 75 miles from the Arctic Circle it might readily be assumed 
that if the grains are ripened there grain growing could be success- 
fully undertaken throughout a considerable portion of the Yukon 
drainage and even more certainly so in the more southerly areas that 
have been mentioned as having agricultural possibilities. 

Tt has already been stated in this paper that the best land for 

farming is that which lies on the south slope of the low hills, just back: 
of the benches and bottoms that le along the streams. This indicates 
that the good tillable land will be found in comparatively small and 
isolated tracts, a condition that is not favorable to commercial grain 
growing by modern methods. Unquestionably, small grain can be 
grown and matured over a wide area in the interior, but it is quite 
doubtful if it can be done with profit at the present time other than 
for stock-food purposes. Even with the heavy freight charges from 

the States to points in interior Alaska, flour from the States can prob- 
ably be had for less money than would be required to produce the 
wheat on Alaska farms and mill it in the Territory under the scale 
of wages now prevailing in Alaska. In this connection it is to be re- 
membered that the Puget Sound ports are close to a great wheat- 
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producing region, and from these ports there is water transportation 
to Alaska. For the present, and probably for a number of years to 
come, small grain crops will be more profitably grown for stock 
forage, either cut green for hay or silage or ripened, than for grain 
to be milled into flour. 

In southeastern Alaska, lack of clear weather will prevent the 
proper ripening of grain or curing of hay, even if level land were 
available for growing such crops on a commercial scale. 

The bench on the north bank of the Chitina, with its southern ex- 

posure, is perhaps the most favored portion of the Copper River 
drainage for grain growing. The Knik district is the best so far 
tested in the Cook Inlet region. While the United States Agricul- 
tural Experiment Station was maintained at Kenai, on the west side 
of Kenai Peninsula, grains were grown at the station, but not always 
without damage by frost. A large area of land on the west side of 
the peninsula is available for grain and other lines of farming so far 
as quality of soil and topography would determine. The Susitna 

Valley contains a great area of land now covered with spruce and 
poplar forests, which if cleared and dried out would be available for 
tillage crops and probably grains, but no investigation has been made 
as to the prevalence of permanently frozen ground under the present 
growth of vegetation or to what extent the frost line will lower when 
the land is cleared. 

THE REINDEER INDUSTRY OF ALASKA. 

_ The reindeer industry is by far the largest agricultural proposition 
in Alaska at this time and it is calling insistently for consideration. 
The native caribou, or wild reindeer, still exist in large migratory 
herds on the Arctic Slope, in the Yukon drainage, and in the Alaskan 
Mountains. These animals are unquestionably of large economic 
importance to Alaska, and more stringent Government measures 
should be taken to prevent their rapid destruction, that they may be 
used as a basis upon which to build a great industry. 

Dr. David E. Lantz, in Bulletin 36, Biological Survey, United 
States Department of Agriculture, speaks of several species and local 
races of the caribou, or reindeer, that inhabit the northern part 

of North America. These he divides into two groups according 
to habitat. The more northern group, which ranges beyond the 
forests, is represented by the barren-ground caribou (Langifer arcti- 
cus). The second group inhabits the forested area south of the other, 
and is represented by the woodland caribou (Rangifer caribou). 
They differ but little in habits and general appearance, Dr. Lantz 
says, from the Old World reindeer, although no attempts to domesti- 

cate the American reindeer seem to have been made, 

| 
; 
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As long ago as 1851, in a paper printed in the agricultural report 
of the United States Commissioner of Patents, Prof. S. F. Baird ex- 
pressed strongly the opinion that the American caribou of both groups 
were as capable of domestication as the European species, and he sug- 
gested that such a step would be of vast benefit to the Indians of the 
North and that success would at once place these people beyond the 
vicissitudes which are so rapidly sweeping them off. In the end they 
might become a pastoral people and possibly, in time, as agricultural 
as the nature of the seasons would admit. But to avoid loss of time 
in attempts to domesticate a wild species, Prof. Baird suggested the 
importation of the domesticated European reindeer. 

This suggestion was made 15 years before the purchase of Alaska 

by the United States, and in 1887, 20 years after the purchase, Charles 
H. Townsend advised that the Government import the reindeer and 

Wie. 10.—Herd of domesticated Alaskan reindeer. (Photographed by Dobbs.) 

teach the natives how to care for and to use the animals. But not 

until 1891 was the suggestion acted on, when the late Dr. Sheldon 
Jackson, general agent in Alaska of the Bureau of Education, aided 
by donations from private sources, purchased a small herd of EKuro- 
pean reindeer, which arrived in Alaska in 1892. Other importations 
were made, totaling 1,280 head. In 1907 the number had increased 

to 15,889, and at the present time it is estimated that the number of 

domesticated reindeer in Alaska is not less than 30,000 (fig. 10). 
While no systematic effort has been made to test the matter, it ap- 

pears that there have been instances of crossbreeding between the 
domesticated reindeer and the native animals, and it is thought that 
the blood of the wild caribou could be used to good advantage in 
building up the reindeer herds. There is evidently need of work 
along this line. It is said that with lack of care in the selection of 
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breeding animals the domesticated deer decrease in size and otherwise 
degenerate. The native animals are superior in size and vigor. They 
are not of so wild a nature as to make their domestication impracti- 
cable and might at least be used to infuse new blood into the herds of 
tame deer. 

It may be worth while to note in this connection that in the two 
northern counties of Sweden, Norrbotten and Vesterbotten, compris- 
ing 63,000 square miles, the Lapps own 230,000 reindeer. Large herds 
are also owned in the north of Norway and in Finland. 

That portion of Alaska north of the Yukon River and the western 
half of the Territory is the region best suited to the reindeer, and 
it is also the section in which other agricultural opportunities are 
the most meager and conditions for home making least favorable. A 
development of the reindeer industry can therefore be had without 
encroaching on districts where other lines of farming are more feas- 
ible. The white reindeer moss (Cladonia rangiferina) is found in 
all the Arctic region of Alaska, on the Seward Peninsula and the 
tundras of the western portion of the Territory, and in the moun- 
tains of the Alaskan Range and of the Alaska Peninsula. Its ex- 
istence not only permits the occupancy of vast regions that would 
otherwise be practically uninhabitable, but it makes possible the pro- 
duction of a food supply of large economic importance. : 

In the. great herds of caribou (wild reindeer) that have grazed 
and are yet found in considerable numbers in regions north of the 
Yukon River, migrating from there to the mountains of the Alaskan 
Range and down into the Alaska Peninsula, we have a strong inti- 
mation from nature that animal husbandry is feasible in Alaska. 
By building on nature’s foundation, a great domestic-animal in- 
dustry may be established independent of what may be accomplished 
by introducing cattle and sheep. The reindeer subsist on the native 
herbage, principally the reindeer moss, winter and summer, and 
require no shelter and little care beyond being restrained by a herder 
from wandering. The meat is of excellent quality, and the skins are 
valuable. Little attempt has thus far been made in the Territory to 
use the deer for dairy or transportation purposes, as is done in 
Europe. 

The larger proportion of the reindeer now in Alaska are within 
200 miles of Nome, and nearly one-half of all are on the Seward Pen- 
insula. From that district the herds are scattered as far north as 
Point Barrow, on the Arctic Ocean, south to points on the Alaska 

Peninsula, and eastward up the Yukon River to Tanana, which is 
about midway between the Canadian boundary and the west coast. 

At present the individual ownership of reindeer is restricted to 

Eskimos and Indians, with the exception of a few Lapps who were 
brought in with the original importations as caretakers, instructors, 
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and herders. Some of the missions are still in possession of herds, 
and there are a few Government herds. No breeding deer are al- 
lowed to be sold to whites. The Alaska division of the Bureau of 
Education, United States Department of the Interior, iias super- 
vision of all the herds, the teachers of the Government school for 

native children located nearest a herd having immediate charge. 
One hundred carcasses of deer were shipped to Seattle in 1911 from 
Nome, and the meat was sold at high prices. 
Thomas A. Powers, of Unalakleet (near St. Michael), in a letter 

to the writer dated August 16, 1912, says the increase in number of 
reindeer is only one-half that of cattle, due, he thinks, to the unsci- 
entific management introduced by the Lapps and followed by the 
natives. He expresses an opinion that the Government should, if 

possible, appraise the deer held by the Lapps and missions, buy and 

Wie. 11.—Hxperiment-station flock of sheep, Kodiak, Alaska, September 23, 1911. 

distribute them to the natives, and then put the industry in charge of 
a capable American cattleman, with a corps of able assistants, who 
would handle it on a scientific basis. 

Mr. Japhet Linderberg, president of the Pioneer Mining Co., at 
Nome, Alaska, a recognized autliority on reindeer, says the tundra 
fires in destroying large areas of moss are a great menace to the 
reindeer industry. These fires ate very extensive all through the 
interior, where the light precipitation and the peaty character of 
much of the soil of the area permit them to smoulder and burn until 
not only all the vegetation but much of the soil is destroyed. 

CATTLE AND SHEEP RAISING. 

A cattle and sheep raising industry “ties on” to the reindeer in- 
dustry in southwestern Alaska. The animal-husbandry experiment 
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station of the United States Department of Agriculture is at Kodiak 
on Kodiak Island (figs. 11 and 12) where a herd of Galloway cattle 
and a flock of sheep are maintained. Private individuals and com- 
panies are also establishing stock ranches on this and adjoining 
islands. Unsurpassed cattle and sheep grazing is found on these 
islands and on the mainland of the Aleutian Peninsula near the shore, 
while in the mountainous interior there is said to be good reindeer 
grazing ground. The desirability of establishing a reindeer herd on 
the southern end of Kodiak Island has been considered. Herds are 
already located at points on the mainland not far distant. 

Vic, 12.—Kalsin Bay stock-breeding station of the Kodiak Agricultural Experiment Sta- 

tion, U. S. Department of Agriculture, 15 miles from Kodiak, September 28, 1911. 

Winter forage for cattle and sheep is provided largely from the 
native grasses, both hay and silage being made. ) 

The next most extensive and favorable grazing area in Alaska for 
domestic cattle and sheep is in the Tanana Valley, including also por- 
tions of the upper Yukon Valley and extending from the interna- 
tional boundary westward to the confluence of the two streams 
named. Other more or less favorable grazing areas are in the Copper 
River drainage, the Susitna drainage, on the Kenai Peninsula and in 
the upper valley of the Kuskokwim River. The practicability of 
raising stock in these areas, other than in small herds in quite close 

| 
. 

: 
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proximity to individual farms, has not been investigated with suffi- 

cient care to warrant more than an intimation of its possibilities. 
The long winters with very low temperatures at all points behind 
the mountains that front the south coast, the boggy and moss- 

covered condition of the greater portion of the land, the prevalence 
of mosquitoes and other insects that are very trying to cattle and 
horses, and numerous carnivorous animals are serious obstacles to the 

development of a larger grazing industry, other than with reindeer 
and (except as has been noted) in southwestern Alaska. 

. DIFFICULTIES THAT CONFRONT THE HOMESTEADER. 

Over against the optimistic facts pertaining to this great north- 
western portion of the North American Continent are others that 
should be remembered by those who contemplate going to Alaska for 
the purpose of home making, particularly farm home making. 

On the south coast, where the climate is mild, tillable land is 
scarce, because of the proximity of the mountains to the shore line; 
elsewhere in Alaska the winters are long and very cold and frost- 
proof buildings must be provided for shelter of family and stock. 
The ground freezes to a great depth and there is but a short period 

_ during which this can thaw, and the surface is covered with an accu- 
mulation of undecayed moss and other vegetable material serving as 
a protection to the frost and a reservoir for moisture. The frost 
line under natural conditions sinks but a few feet during a season, 
and the thawed layer is usually a morass of muck in all portions of 
Alaska where tillage is possible. This condition makes land travel 
almost out of the question during the summer until wagon roads 
shall have been built, and these must be largely of the corduroy 
type. Meantime the farm home must generally be located close to 
navigable water. 

The swampy character of much of the surface of Alaska makes it 
a great breeding ground for mosquitoes and gnats, which are almost 

intolerable pests to both man and beast. It also makes drainage 

a prerequisite in order to remove the surplus water so that the land 
can be worked, raise the temperature of the surface soil, lower the 
frost line, facilitate the decay of the accumulated organic matter, and 
bring about chemical changes which will transform the soil from a 
‘very acid condition to one much less so. Nature requires much time 
for this last process. 

Where the vegetable accumulations are largely moss, this must be 

destroyed, either by burning or by carting it from the land, for if 
plowed under it decays very slowly and seems to have an injurious 
effect on most crop plants. 
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The timber growth, which occurs on practically all the land suit- 
able for tillage, must, of course, be cleared from the land. 

All this work—building houses and barns, draining, clearing land 
of moss and timber—is very slowly accomplished in the short outdoor 
working season if done single handed by the homesteader, and costly, 
almost prohibitively so if hired labor is used, because of the high 
wages and living expenses. 
Lack of general transportation which would open up the country, 

of local wagon roads, schools, churches, and other features of present- 
day life, and of the markets in which to sell farm products and from 

which to obtain home supplies and farm equipment are deterrent 
features at present, but they will disappear in time. 

Another serious obstacle to homesteaders is the lack of Government 
‘land surveys. Under the law a man may locate a homestead on 
unsurveyed land and fix boundaries by metes and bounds; but he can 
not get a title to the land until he has had-the tract surveyed at his 
personal expense by an authorized surveyor and has had the survey 
approved. This means an outlay of several hundred dollars in cash, 

which few homesteaders in Alaska have available. Happily, this is 
now being remedied by the General Land Office. Surveying par- 
ties have been at work in the Fairbanks and Cook Inlet regions, near 
Seward, and in the Copper River Valley sectionizing the land, and 
this work will be continued until all the areas where farming is 
feasible have been covered. 

SUMMARY. 

Alaska lies between latitude 51° 20’ and 71° 20’ N., and longitude 
130° W. and 175° E. 

Seattle is 400 miles nearer to Eastport, Me., the easternmost point 
of the United States, than to Attu, the extreme western point of 
Alaska. The meridian of longitude passing through Attu also passes 
through New Zealand. 

The coast line is 26,000 miles long. On the south coast there are 
numerous deep, land-locked, ice-free harbors. 

The total length of the navigable rivers is 6,000 miles. The Yukon 
is 1,500 miles from the mouth to the Canadian boundary and is 
nav igable by large steamers for 500 miles above that point. It ane 

an area of 200,000 square miles. 
Alaska has an area of 586,400 square miles, of which 100,000 square 

miles are susceptible of Reriauleanal use—tillage and grazing. Prob- 
ably 30,000 square miles, or 5 per cent of the total area, can be made 
available for tillage. 

Four-fifths of the possible tillage area is in the Central Plateau, 
of which the Tanana Valley offers the largest opportunities for farm- 
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ing. The Cook Inlet region has 3,000 square miles of tillable land, 
the Copper River drainage 2,000 square miles, and there are 1,000 

square miles on the south coast, including the southeastern and south- 
western projections. | 

It is not to be understood that the land in these areas is of such 
character that every half section is a possible farm home. Excepting 
in the alluvial-deposit areas bordering the larger streams, the topog- 
raphy of the possible tillable land is hilly, and in selecting home- 
steads care must be taken to secure a favorable slope, so as to get 
the full advantage of exposure to the sun. Apart from the bottom 
land there are few half sections all of which may be tilled, and home- 
steads will not be joined one to another, as a rule, but will be sepa- 
rated by land unfit for farming. 

Alaskan soils have been formed largely from material produced 

by glacial action and from alluvial deposits. Gravel beds occur 
frequently, and these are often thinly covered with soil. Shallow 

lakes and lake beds abound and in the latter the accumulation of 
partially decayed vegetation has been transformed into peat. Where 
the vegetation has fully decayed there is a rich black loam. 

Because of the protecting coat of vegetation and the short melting 
season, the frost line in the soil lowers only a few feet during the 
summer, thus preventing the escape of the excess of soil moisture 
and, together with the low temperature, the decay of vegetation. 
This results in a very wet, mucky, and sour condition of the soil. 

Consequently, much of the land before it can be made to produce 
cultivated crops must be drained and cleared of the protecting coat 
of moss and other vegetation, in order to permit the heat of the sun 
to lower the frost line. [ime is very generally needed as a corrective 
of the acidity of the soil. 

Practically all of the tillable land in Alaska must be cleared of a 
growth of timber and moss at heavy cost. 

The climate of Alaska varies greatly. On the south coast the 
summers are cool and the winters mild, the mean annual temperature 
at Sitka being about that of Washington, D. C. Zero temperatures 
are the exception. Precipitation is heavy, and there is much cloudy 

weather that is not favorable to tillage other than the growing of 
vegetables and grasses. The high mountains fronting the south coast 
intercept the moisture-laden clouds coming from the sea and cause 
the excessive precipitation at low levels and the permanent snow and 
ice fields at the higher levels. 

The central plateau, consequently, has a much drier climate and a 

much greater range of temperature, with warmer summers and colder 
winters. The summers are short as to number of days, but, with 18 to 
20 hours of sunshine in each 24 hours during the growing season, 
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vegetation develops very rapidly. The winter temperatures are very 

low, but with dry, still air and clear weather much of the time, par- 

ticularly in the upper portion of the Yukon drainage. 
The flora is rich and varied. It includes 100 species of grasses, 

inany of which are of large agricultural value for hay and silage 
und for grazing. ‘The mosses and lichens of the tundra regions of 
western and northern Alaska are an important source of food supply 
for domesticated and native reindeer. 

Among the native edible fruits that are plentiful are currants, 
gooseberries, strawberries, cranberries, blueberries, and raspberries. 

Timber in the humid south-coast area is dense and of large eco- 
nomic value. In the central plateau it is sparse and small, but ample 
for local needs if it can be conserved. Of the Coniferee, spruce pre- 
dominates. The balm of Gilead and quaking-asp poplars and white 

- birch are the representatives of deciduous trees. Willow and alder 
thickets are widespread. There are 100,000 sbi miles that may be 
classed as timberland.’ 
Among the fauna are the king of carnivorous animals, the Kodiak 

brown bear, and many other species of bears; the moose, the largest 

of his kind; the caribou or native reindeer that exist in large herds; 
mountain sheep and goats; deer; numerous fur-bearing land and sea 
animals; myriads of land and water birds, this being the nesting place 
of many of the latter; and fish in such variety and number as to 
make the fisheries of Alaska among the greatest in the world. 

The mineral resources are vast, varied, and widespread. Gold, 
copper, and coal are of the greatest importance. Gold and coal are 
very. widely disseminated. Rich bodies of copper ore have been 
located in the Prince Wilham Sound region and in the Copper River 
drainage. 

Alaska’s agricultural possibilities have been in process of demon- 
stration for 15 years by the Office of Experiment Stations of the 
United States Department of Agriculture, during which time experi- 
mental work has been carried on in Sitka (the headquarters station), 
Copper Center, Kenai, Kodiak, Rampart, and Fairbanks, besides the 
work done by individuals on homesteads, at schools, and at missions. 
The result of this effort has been to prove that hardy vegetables, 
small fruits, and forage crops can be successfully grown over a wide 
area and that dairying, poultry keeping, and stock raising are prom- 
ising industries. There is ample pasturage in the tundra regions of 
western and northern Alaska for many thousands of reindeer. 

Alaska’s present population of 65,000, including natives, does not 
afford sufficient home market to warrant large agricultural develop- 
ment, especially in view of the great cost of clearing and preparing 
land for tillage. 
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The Federal homestead laws extend to Alaska, excepting that, in- 
stead of 160 acres, 320 may be filed upon. Very little of the available 

land has been surveyed, but that work is now in progress. One may 
locate on unsurveyed land, file a claim, and establish lines by metes 

and bounds, but he can not secure a title until a survey has been 
made by an authorized surveyor and the survey approved. If the 
survey is made in advance of that made by the Government, it is done 
at the expense of the honiesteaders, and that is heavy. 

ee COPIES of this publication 
may be procured from the SUPERINTEND- 

ENT OF DOCUMENTS, Government Printing 
_ Office, Washington, D. C., at 10 cents per copy 
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