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WORLD PRODUCTION 

The soybean is an annual leguminous plant, native to Asia. It has 
been grown in China, India, and Japan for more than 5,000 years. 
Manchuria produces more soybeans than all the other countries together. 
In Manchuria the total acreage in 1921 was estimated at 7,000,000 and 
the yield per acre at 22 bushels. In these countries the soybean is used 
extensively as food; the oil, for lubrication and for lighting purposes. 
But there are still large amounts ·of soybeans for export. 

Export of the beans from China began in 1907 and has increased 
steadily since. In 1927, 1,688,395 tons were exported. Germany, Den
mark, and England were the largest importers, together with Japan, 
from which country large exports have been made also. In that year, 
China exported 329,000,000 pounds of oil, Japan 33,000,000, and Den
mark 11,000,000 pounds, most of it going to the Netherlands, the United 
Kingdom, and Germany. The United States imported 5,500,000 pounds 
of soybean oil that year. 

The tariff act of 1930 placed an import duty of 3.5 cents per pound 
but not less than 45 per cent of the value on soybean oil, 2 cents per 
pound on seed and $6 per ton on cake. Very small amounts of soybean 
oil and seed and only moderate amounts of cake have been imported 
during the last few years. 

PRODUCTION IN THE UNITED STATES 

Soybean seed was introduced into the United States in 1804. Since 
1900, seed of a large number of varieties has been brought in, but the 
crop was not important, except in limited areas, until about 1912. \iVith 
the introduction and development of varieties maturing in from 90 to 
160 clays, production of soybeans became practicable in the United States, 
as they require almost the same climate and soil as corn. 

At first the crop was grown largely for seed, for hay, and, in com
bination with corn, for silage. During the last few years, the growing 
of soybeans with corn as a silage crop has decreased materially, whereas 
their production for seed from which oil is extracted and for sowing 
as hay and pasture crops has increased. The states leading in soybean
seed production, with acre yields, December prices per bushel, and value 
at December farm prices are given in Table 1. 

1 A. C. Arny ancl R. F. Crim~ Division of Agronomy and Plant Genetics, University 
Farm, St. Paul; R. E. Hodgson, Southeast Experiment Station, Waseca. 
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Soybeans are leguminous, vvhich means that through inoculation 
specialized bacteria may be induced to grow on the roots of the plants. 
These bacteria have the power of taking nitrogen directly from the air 
and changing it into a form usable by plants. The plants support the 
bacteria in colonies which look like medium to very small peas and are 
called nodules. These bacteria give the legumes plenty of usable nitro
gen, which partly accounts for the high protein content of these plants. 
When nodules and legume roots decay, they leave available nitrates for 
succeeding crops. The soybean is an annual crop and it does not in
crease the supply of organic matter in the soil to the extent that this 
important constituent is increased by biennial and perennial legume and 
grasses. Tillage each year, in preparation of the seedbed for soybeans, 
and intertillage where the rows are spaced to permit cultivation, brings 
about a reduction in the organic content of the soil. For these reasons 
the soybean is not classified as a soil-building and soil-conserving crop. 
The cultivation, in preparing the seedbed for soybeans, and intertill
age of the rows where this method of growing is followed, helps clean 
the land of weeds and leaves it in splendid condition for any succeeding 
crop. 

Table 1.-Acreage of Soybeans Produced for Seed, Yields per Acre, 
December 1 Farm Price for the Period 1931-35 in the States 

Leading in Production of Soybean Seed 

Yield Farm price Yield Farm price 
Year 1,000 per acre, per bushel, 1,000 per acre, per bushel, 

acres bushels cents acr·es bushels cents 

Illinois Indiana 
1931 .......... 350 18.0 35 171 17.8 35 
1932 .................. 315 20.0 40 134 16.0 39 
1933 ................................. 290 15.0 65 116 15.0 65 
1934 ................................ 542 19.0 90 160 16.0 96 
1935 ... ........................... 1,213 18.0 69 347 17.0 G9 

Iowa North Carolina 
1931 .............................. 47 15.5 60 253 14.0 70 
19.12 ······························ 46 18.0 42 230 12.0 55 
1933 ............................... 82 17.0 65 200 11.0 80 
1934 157 12.0 114 200 12.0 118 
1935 ................................. 400 17.0 69 220 14.0 100 

In 1935, 123,000 and 109,000 acres of soybeans were harvested for seed in Missouri and 
Louisiana. In the following states over 20,000 acres of soybeans for seed were harvested 
in 1935: Delaware, Ohio, Kentucky, Mississippi, and Virginia. While a considerable acreage 
of soybeans is grown as an emergency hay crop each year in lVIinncsota, seed production has 
not been great enough to mee-t the needs for planting. 

On level ground, this mellowing makes conditions almost ideal for 
corn or sugar beets. Small grain does remarkably well after soybeans, 
but the soil should be rolled after seeding. 
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On any ground with slope enough to make soil washing a serious 
factor, soybeans are not recommended. They leave the ground rather 
loose and mellow, and heavy rains will carry much of it away. 

COMPOSITION AND USES OF SOYBEANS 

Soybean seeds contain from 15 to 23 per cent of oil. The cake, or 
meal, which is the residue after the oil has been extracted, contains from 
4.5 to 8 per cent of oil. By a recently improved method of extraction 
by solvents, 4 to 5 per cent more oil can be removed from the meal. 
Removal of the additional oil leaves the meal higher in protein. The 
meal from which the oil has been extracted by the new process retains 
no odor of the solvent. It is brown instead of light yellow in color. 

Soybean oil is semi-drying and consequently can be substituted to 
about 25 per cent for linseed oil in paints. It is satisfactory for the 
manufacture of linoleums, enamels, and soaps. In refined form, it is 
suitable for human consumption. 

As the plant is a legume, the hay, seed, and cake or meal are high 
in protein content. Table 2 gives the digestible nutrients in 100 pounds 
of various high-protein hays and concentrates. 

Table 2.-Comparison of Pounds of Digestible Crude Protein and Total 
Digestible Nutrients in High-Protein Roughages and Concentrates 

Digestible nutrients 
Feed 

Crude protein 

Roughages pounds 
Soybean hay ..................... 10.6 
Alfalfa hay ...................... 10.6 
Red clover hay................. 7.4 
Sweet clover hay ...... 10.9 

Total 

pounds 
54 . .1 
51.0 
49.6 
50.7 

Feed 
Digestible nutrients 

Crude protein Total 

Concentrates pounds pounds 
Ground soybean ............ 29.1 84.9 
Soybean meal .................. 39.7 84.5 
Linseed meal .......... 30.2 78.3 
Cottonseed meal ......... .17.6 80.2 

The data given in the table are taken from Minn. Expt. Sta. Bul. 218, by C. H. Eckles. 

Adequate amounts of protein are essential in the rations of live
stock, particularly in the feeds of young and growing animals, those 
producing milk, and those bearing young or doing hard work. A large 
proportion of the necessary protein can be supplied at lowest cost dur
ing the growing season by good pastures and throughout the rest of 
the year by the use of high-protein roughages. Alfalfa hay and sweet 
clover hay average 10.6 and 10.9 pounds of digestible crude protein and 
51.0 and 50.7 pounds total digestible nutrients, respectively, per hun
dredweight. As shown in the table, soybean hay is very similar to 
alfalfa hay in both digestible crude protein and total digestible nutrients 
per hundredweight. Experience at the Southeast Experiment Station 
indicates that good soybean hay is equal to the same grade of alfalfa 
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hay a a dairy feed. U nder most conditions in the state, a ton of a lfal£a 
hay can be grown at a lower cost than an equal amount of oybean hay. 
Therefore, soybean are r commended f r hay only in emerg ncie . 

T he grains which make up the bulk of the concentrate part of the 
rations of livestock lack the needed amounts of protein. T his defi ciency 
is usually upplied through the use of relati vely small amount of high
protein feeds uch as li nseed and cottonseed meals. As shown in the 
table, olcl-proces soybean meal averages 39.7 1 ounds digestible cruel 
protein and 84.5 pounds total digestible nutrients, compared with 37.6 
and 80.2 pounds, respectively, for cottonseed meal. The brown-col red, 
new-pro es , soybean meal is sti ll higher in protein content. 

Ground soybeans and linseed m al have 29. 1 and 30.2 p unds diges
tible crude protein, and 78.3 and 84.9 p unds total dige tible nutri nt , 
respectively, per hundredweight. Soybean m al make an excellent 
high-pr tein feed for all classes of livestock. W hile ground soybean 
make an excell nt f eel for cattle and sheep, thi feed should not make 
up more than 10 per cent of the total ration of fa ttening pigs. Soft or 
oily pod< results from feeding much high r proportions than thi s. 

F ig. I. Soybeans for hay growing a longside co rn . T hi s is the pre ferable 
way to plant soy beans for silage. 

At the \ Vaseca Experiment Station, mature soybeans, in the bundle, 
fed to dairy cows and brood sows have proved sati sfactory, thereby 
eliminating both threshing and grinding expen e. A number of bundles 
were threshed by hand and the seed from each weigh c1 to obtain an 
average yield per bundle. In computing the rations. a pound of soy
beans was fed in place of a pound of lin eecl meal. ybeans fed to 
livestock in the bundle are thoroly digested, whereas thre heel seed , fed 
without grinding. often pass through the digestive tract whole. Soy-
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beans may also be hogged-off to advantage. If used for this purpose, 
planting corn and soybeans in alternate rows instead of together is 
preferable. 

Soybean straw makes good feed for sheep. At the Waseca station, 
the breeding flocks of registered Shropshire ewes have been wintered 
on a ration of two pounds of corn silage per head a day, and such an 
amount of soybean straw as could be consumed. Horses relish soybean 
straw and consume it more completely than do sheep. 

RESULTS FROM FEEDING TRIALS 

At the Minnesota Agricultural Experiment Station, ground soybeans 
proved, for all practical purposes, equal pound for pound to linseed meal 
in the dairy ration. Butterfat in the milk of the group of cows fed lin
seed meal averaged 3.82 per cent and of the group fed ground soybeans, 
4.01 per cent. Feeding soybean hay reduced the expenditure for mill 
feeds by 93.6 per cent, compared to feeding timothy hay. 

At the Iowa Experiment Station, cracked soybeans were found to 
be worth $60 a ton, as compared with $45 a ton for lit1seed meal as a 
feed for dairy cows. At the South Dakota Experiment Station, ground 
soybeans, used as a high-protein supplement for dairy cows, produced 
20 per cent more milk and 18 per cent more butterfat than linseed meal. 

At the Indiana Experiment Station, based on feeds consumed, soy
bean hay proved less valuable than alfalfa hay for milk production. 
However, the milk contained more butterfat. In a feeding test at the 
same station, ground soybeans were less satisfactory than cottonseed 
meal as a high-protein supplement for steers. 

At the Ohio Experiment Station, ground soybeans proved as effi
cient as linseed meal as a snpplement, along vvith tankage, in feeding 
hogs having access to green forage. In dry-lot feeding, the ground soy
beans were somewhat less efficient than linseed meal. 

SOYBEAN VARIETIES AND YIELDS PER ACRE 

In the southern part of the state, the best seed yields have been made 
by the I-Iabaro, Chestnut, Minsoy, and Manchu varieties. With the 
exception of Minsoy, which is a low-growing variety, the same varieties 
are adapted for producing hay. 

Habaro seed has matured at Waseca the last 17 years, while Manchu, 
particularly from Iowa and Illinois, has sometimes been caught by frost. 
Chestnut is earlier than Habaro and has given similar yields. The 
Chestnut beans are brown in color, while Habaro, Manchu, and Minsoy 
are yellow. 
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Three-year average seed yields per acre, with rows 26 inches apart, 
at four locations in the southern part of the state, have been as follows: 
Habaro, 14.2; Manchu, 15.1; Chestnut, 14.3, and Minsoy, 15.0. If 
the rows had been 24 inches or less apart, the average yields would 
have been somewhat higher. However, drouth was responsible in part 
for reduction in yields. In 1935 at the Waseca Station, with growing 
conditions favorable, yields in bushels per acre with rows 24 inches apart 
were as follows: Habaro, 25.5; Chestnut, 23.3; Minsoy, 19.4, and 
Manchu, 16.9. 

In the central part of the state, three-year average seed yields in 
bushels per acre at three locations have been as follows: Chestnut, 16.2: 
Habaro, 16.9; Manchu, 13.9, and Minsoy, 18.4. On the sand in Anoka 
County, six-year average yields in bushels per acre have been: Minsoy, 
8.5, and Chestnut, 6.8 bushels. The beans were grown in 36-inch rows. 
With narrow rows, the yields would have been somewhat higher. 

In the northern part of the state, only the earliest varieties such as 
Wisconsin Black and Minsoy are at all suitable for seed production. 
At the Crookston Station, no seed was produced two years out of five. 
The five-year average yields in bushels per acre of three soybean varieties 
were as follovvs: Wisconsin Black, 8.0; Minsoy, 7.0; Chestnut, 6.5. 

VARIETIES FOR HAY PRODUCTION 

For hay production, the same varieties are recommended as for 
seed production, with the exception of Minsoy. However, for hay pro
duction, soybeans do not need to come to full maturity. Therefore, 
somewhat later varieties may be used successfully if seed of the recom
mended varieties is not obtainable or is materially higher in price. Seed 
of Illini, a variety with yellow seeds and brown hilums, is now available 
in quantity. This variety has been found satisfactory for hay produc
tion in the central and southern parts of the state. It is, however, too 
late for seed production in these areas under average conditions. Other 
varieties similar to Illini in height and maturity may be used. 

Three-year average hay yields in tons per acre at four locations in 
the southern part of the state have been as follows : Habaro, 1.6; Man
chu, 1.6; Chestnut, 1.6, and Minsoy, 1.4. The varieties were grown in 
36-inch rows, and drouth was a factor in reducing yields. In 1935 the 
average yields of hay in tons per acre, on a 15 per cent moisture basis, 
from eight trials in the southern and central ·parts of the state were 
as follows: Habaro, 2.8; Manchu, 2.7; Illini, 2.7; Kingwa, 2.7; Chest
nut, 2.6. The beans were drilled in six-inch rows, with 90 pounds of 
seed per acre. Kingwa is a selection from Peking, a product of the 
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\i\T est Virginia Experiment Station. Yields from the late varieties were 
no higher than were obtained from Habaro and Manchu. In the central 
part of the state, the three-year average yields at three locations were 
as follows: Habaro, 2.0; Manchu, 2.0; Chestnut, 2.0, and Minsoy, 1.5. 
On the sand in Anoka County, hay yields in tons per acre for the same 
years were as follows: Manchu, 1.0; Chestnut, 0.9; Minsoy, 0.9. The 
beans were grown in 36-inch rows. With rows 24 inches apart or less, 
the yields would have been somewhat higher. 

TEST GERMINATION OF SEED 
The germinating ability of soybean seed often falls rapidly after the 

first year. Soybean seed should always be tested for germination before 
being planted. 

SOIL FOR SOYBEANS 
\i\1 ell-drained soils that produce good yields of corn and other le

gumes are satisfactory for soybeans. Loam, clay, and peat soils produce 
higher yields of soybeans than light sanely soils. It is not advisable to 
grow soybeans on fields subject to serious erosion because this crop 
leaves the soil in a particularly mellow condition. 

PREPARATION OF THE SEEDBED 
A mellow seedbed free from weeds at planting time lessens the 

amount of cultivation necessary to keep the crop reasonably free from 
weeds. Fall-plowed land, diskecl early to start weed seeds germinating 
and at 7- to 1 0-clay intervals to kill the weed seedlings, provides the 
best seedbed. Early and frequent working of the seedbed is particularly 
necessary when the beans are to be sown in six-inch rows with the 
grain drill. 

INOCULATION OF THE SEED, METHOD OF PLANTING, 
AND AMOUNT OF SEED PER ACRE 

Unless the proper bacteria are present in the soil, soybeans will not 
do well, because then they must take all of their nitrogen from the earth. 
It is necessary to inoculate the seed, except in fields where soybeans 
have been successfully grown before. The clovers, alfalfa, and other 
legumes require different kinds of bacteria and do not supply the bac
terial requirements of soybeans. Commercial inoculation may be pur
chased at 60 cents to one dollar per acre and is generally satisfactory 
if the directions on the container are carefully followed. 

Soil from a field that has produced well-inoculated soybeans the 
previous year, sifted and mixed with the moistened seed, is also satis
factory for inoculation. Abundance of nodules on the roots of plants 



SOYBEANS FOR MINNESOTA 9 

indicates the presence of adequate numb r of p roper bacteria. T he 
ro t of a well -ino ulated soybean plant is hown in F igur 2. 

Fig. 2. N omer us large nod ul es occur c1ther grou ped around th e upper 
pa rt o f the tap root or wd l d is tribut ed ove r the entire root system of 
well -inocul ated plan ts . The nod ules shown are approximately one-fourth 
actual size. 

T he results o( tri als in the tate indicate that planting in nar row 
rows 16, 20, or 24 inches apart, with th plants spaced less than one 
inch in the row, produce con iclerably higher yield than are obtain c1 
from planting in wider rows with the plants clo t geth r in the row . 
P lanting in narrow rows with the plants I s than an inch apart in the 
row require at lea t 90 to 100 pound of eed per acre. In order to 
grow soybeans in these narrow rqws, b t cultivating machinery is neces
sary. The other meth d of btaining high oyb an yield is to plant 
them with the grain drill in six-inch rows at the rate f at least 90 ancl 
up to 120 1 ound of seed per acre. s an av rage of eight tri als wi th 
fi v vari ti e in the southern and central parts of the state in 1935, the 
beans drilled in six-inch rows at 90 pounds per acre yielded 2.6 tons 
hay per acre, compared with 2.0 ton fo r the plantings in 36-inch rows 
at 60 pound per acre. Better than half a ton in rease in yield fo r 30 
pounds additional see I sown p r acre i a handsome return. In ea h 
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of the eight tests, each of the five varieties yielded considerably higher 
when drilled solid than when sown in 36-inch rows. Planting with the 
grain drill in six-inch rows is not advised unless early and frequent till
age has been given to free the land of weeds.* 

TIME AND DEPTH OF PLANTING 
Planting at the same time as corn has given higher yields of seed 

and hay than earlier sowing. Plantings for both seed and hay produc
tion may be made 10 to 20 clays later than the average corn planting 
without much reduction in yield. Later plantings usually result in 
marked reductions. Depth of planting depends upon the kind and con
dition of the soil. On clay and clay loams, on which a crust usually 
forms after rains, shallow planting is more essential than on lighter 
soils. It is important that conditions be as favorable as possible for 
germination of the seed and growth of the plants. The seed should be 
planted as shallow as possible and still be properly covered and in con
tact with moist soil. Planting at a depth of from one to two inches is 
usually satisfactory. Rolling with a cultipacker after planting results in 
more rapid and even germination, giving the beans a better chance to 
compete with weeds. 

If, after soybeans have been planted, heavy rains occur and a crust 
forms on the surface of the soil, the harrow should be used to let the 
seedlings come through. The need for cultivation of soybeans planted 
in rows 20 inches or more apart is essentially the same as for corn. 
When soybeans are to be drilled solid, cultivation of the land to free it 
from weeds must precede the planting. After the soybeans have the 
first pair of true leaves and up to the time they are four to five inches 
high, small weeds in the rows may be destroyed by harrowing crosswise 
on sunny afternoons, when the plants are not easily broken. The rotary 
hoe may be used successfully for early cultivation. A good speed is im
portant for best results. 

HARVESTING THE SOYBEAN CROP FOR HAY 
Highest yields of hay per acre and highest feeding values are ob

tained if the crop is cut at the time the pods are well filled with beans. 
This is due to the fact that, in the soybean hay crop, a large part of the 
total possible yield per acre is seed. Therefore, if the crop is cut for 
hay before the seed is well formed in the pods, comparatively low yields 
result. Care should be exercised to cut before too many of the leaves 
have turned yellow or fallen off. When medium-maturing varieties such 
as Habaro and Manchu are grown, 3Vz or 4 months are required for 
the crop to reach the hay stage. 

*During the exceptional years of 19.34 and 1936, when long periods 
of drouth occurred during the growing season, soybeans did better in 
rows wide enough to permit cultivation than in six-inch rows without 
cultivation. 
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F ig 3. ybean hay cut with the binder and shocked to clt·y. 

A good method f harve ting and drying oybean hay i to cut with 
the binder and set in small sh cks to dry. The bundles should be me
dium to rather small in size and bound a. loosely as is 1 racti able to 
minimize molding under th bands. Where thi s meth d pr ve sati -
factory, the cost { the twin is offset by th greater conveni nee in 
handling the crop of hay. 

nother 111 thod is to cut with the m wer any time in the morning 
after the c1 w is off. Leaving the crop in the windrow in unny w ath r 

Fig. 4. Soy hean hay bu ilt into narrow cocks as soon as the leaves are wilted will 
settle and dry out graduall y. S uch cocks will shed cons iderable ra in . 
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until the leaves are well wilted, but not brittle, hastens the drying. Rak
ing and cocking should be clone before the leaves become brittle. Cocks 
made before the leaves become brittle will shed light rains after they 
have settled, and, if the cocks are not torn apart, few leaves need be 
lost. If wet weather prevails for some time, the cocks should be moved 
to dry ground to avoid mold on the bottom. 

Large acreages may be handled for hay the same as alfalfa, curing 
in small windrows, but allowing more time for drying. Turning when 
the leaves are dry and brittle will cause considerable loss, but the wind
rows may be moved when the leaves are somewhat tough with dew. 

THRESHING AND DRYING THE SEED 

In states where large acreages of soybeans are grown, the combine 
is used, harvesting and threshing the crop in one operation. When this 
method is used, the beans must be left standing longer in the field than 
when they are harvested with the binder, to allow the drying to take 
place that ordinarily occurs in the shock. 

When soybeans are harvested with the binder, the ot'dinary grain 
separator is used for threshing the crop. The cylinder is run at ap
proximately 300 to 400 revolutions per minute without checki}1g the 
speed of the other parts of the separator. In addition to this, it may be 
necessary to remove the concaves in order not to crack the seed that is 
to be used for planting. 

The threshed seed should be spread less than four inches deep on 
the floor of a well-ventilated room and shoveled over whei1 necessary 
to prevent any heating or molding. It usually takes several weeks of 
favorable drying weather for the seed to reach the air-dry condition. 
Under no circumstances should the seed be stored in sacks until it has 
become air-dry. 

SOYBEANS IN MINNESOTA 

The seeds of Chestnut are brown and those of Wisconsin Black are 
black with hilums of the same color. Habaro seeds are yellow with 
hilums of the same color. The seeds of Minsoy are yellow with brown 
hilums, and those of Manchu are yellow with black hilums. Number of 
seeds per pound for the different varieties varies with season and soil, 
an average for Minnesota-grown seed being as follows: Minsoy, 3,900; 
Wisconsin Black, 3,150; Chestnut, 3,500; Manchu, 2,600; Habaro, 2,850. 

Published in furtherance of Agricultural Extension, Acts· of May 8 and June 30, 1914. 
F. W. Peck, Director, Agricultural Extension Division, Department of Agriculture, Univer
sity of Minnesota, co-operating with U. S. Department of Agriculture. 7 500-6-36 


