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Influence of Variety, Environment, and Fer-
tility Level on the Chemical Composition

of Soybean Seed'

By J. L. CArTTER, agronomist, Division of Forage Crops and Discoses, Bureau of
Plant Industry, and T. H. Horeer, principal chemist, Bureau of Agricultural
Chemistry and Engineering?
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. INTRODUCTION

The rapid rise in the importance of the soybean crop in American
agriculture and the great interest in the industrial utilization of soy-
bean seed products has resulted in a demand for improvement of
varieties for industrial processing and for information on the influence
of environment on the compesitional factors of the seced. From the
time the crop was introduced into the United States in 1804 until the
soybean became an important commodity in domestic trade, the
breeding and selection work was concerned mainly with yield and
agronomic characteristics. Something over 10,000 introductions,

1 Submitted for publication June i84i.  This work wns performed under an aliotiment from the Special
ftesenreh Fund antharized by Title [ of the Bankbend-Jopes Acl of Fane 26, 1035,

7 "Php pssistnnees of those who kave made the progress of these 1o vestigations possibic is gratefully acknowl-
edged.  'The pinnting, ohservation, and harvesting of the fleid piots and red-row tests werg roade ander the
supervision of the seainr author by Leonard F. Williams, J. 1. Vnsvery, Albert H. *robst, . K. Shuman,
Denver 1. Allen, and Martin €4, Weiss of the Division of Ferage Crops and Iisenses, Burepu of Flant In-
dustry, and by H. M, Munger and L. L. MeHoney, formerly of thet Division, The chenstend anelyses of
the soyboans wore made by the aralytical section of the laboratory, first umdar the supervision of R, T,
Milner of the Burcen of Agrienitural Chemistry aud Enginecring, and latev ynder that of the fualor anthar,
The foliowing nenlysts nssisted in the work: K, R, Majors, P. Krouczunus, 1. J, Max, W, {J. Bull, C. R.
Scholficld, R, F, Keliy, M. E. Stivkney, npd L. E. Wener of the Bureaq of Agricuiburl Chemisiry and
Enﬁmcering. Credit s also due t¢ Ruth E. Schmutzler of the Division of Forage Crops and Diseasvs and
O. B, Weber of the Divisions of Ceree? Crops and Diseases and Forage Crops angd Disenses, Bureau of Plant
Industry, for their aid In the statistieal work. The halp of L. E. Thatcher, Ohio Agricuitural Experiment
Statlon, is acknowledged for Bs aid in hendiing the sofl fertility-lovel plots.  Acknowledement ks gratefully
mede of the valunble assislanee of W, 1. Morse, senfor npronomnist, Buresu of Pinnt Industty, Iz planning
and guidiog tha agronemic work.
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originating mainly in the Orient, have been distributed and studied.
Most of the varieties now in commereial production have originntec
from them.

In the spring of 1936 the United States Regional Soybean Industrial
Products Laboratory 5 was established at Urbana, I, under authority
of the Bankhead-fones Act of 1935. One of the objects of this
laboratory, as given in the original memorandum, was “to obtain
through basic research, facts and materials applicable to the industrial
utilization of the soybean and soybean products and to develop
methods whereby these facts and materials may be utilized for the
benefit of agriculture.” In the organization of the lahoratory pro-
vision was made lor chemical-composition studics of soybeans grown
in the agronomie work program.

The present study was undertaken to measure the influence of
environmental lactors on the composition of a numiber of principal
varieties adapted to the soybean belt of the North Central Region.
This belt lies principally in the States of Ohin. Indiana, Ilinois, Towsa,
and Missouri. These States currently produce from 80 to 90 pereent
of the domestic production of commercial sovbeans. The value of
the results of the study iies in the information o be gained conicerning
the environmental and varictal variation in the composition of soy-
bean seed as related to the solection of improved varieties and strains
for processing and industrial utilization.

The soybean seed is not a simple chemical system. Tt contains all
of the clements and constituent chemical compounds essential to
restart the life cyele for the growth of a plant to produce more seed.
In normally matured seed these clements and constituent compounls
undoubtedly oceur in such proportions as to meet the nutritional
requirements of the germinating seed and roung plant. However,
it must be recognized that the comprsition of the seed is modified
by genetic factors and environment; vet there is undoubtedly some
regularity in such modifications thai™ has not yet heen adequately
investigated, hence is not well unde stood.

From the standpoint of industrial processing the prineipal interest
in the composition of sovbhean seced & in the percentages and char-
acteristics of the oil and protein, as both substances have real and
potential industrial as well as food and feed uses.  Piper and Morse
{22) * have reviewed a large amount of literature which showed that
variety and environment influence the pereentages of oil, protein, and
ash constituents of soybeans and the iodine number of sovhoan oil.

Garner, Allard, and Foubert (72) observed that there is no eritical
period of intense oil formation at any stage of seed development.
From their experiments with sovheans thev concluded that, exeept
for the period immediately following blooming and that directly
preceding maturity, oil is formed in the seed at a fairly uniform rate,
both relative and absolute.  Their data for three varictios have hooen
recaleulated on e percentage basis of the maximum development of
dry matter and of oil in the bean and are shown in figure 1. These
data show a very uniform rate of development for both dry matter
and oil for all three varieties, but at somewhat diflerent percentage
Wﬂ atpnnizalion participated in by the Rureau of Apricultoral Chemistry and Enginecring
nnd by the Bureaw of Plant industry of the (5, 8. Drepartmeont of Agrieultore, and by (he apriewlbyrsl
eeperiment stations of Dlineis, [niiann, Tows, Kunsae, Aichimn, Minzesola, Missouri, Nebraska, North

Diakods, Ghin, Seuth Dekola, and Wisconsin,
¢ Italic pumbers in parentheses refer Lo Lilerolure Cited, p. B5.
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rates depending on varietal characteristics. Variety P. I. 217557
which is an carly selection somewhat similar in range of maturity to
Mandarin of the present study, required approximately 27 days for
the sced to reach maximum dry-matter and oil development. This
period was about 22 days for P. I. 32907, which is Peking, and about
40 days for P. 1. 19981, which is somewhat similar in range of maturity
to P. 1. 54563-3 of the present study. It is observed that after the
maximum development was reached in cach of the three varieties
there was a decrease in dry matter and oil, this decrease being greater
for oil than for dry matter on a percentage basis but not in absolute
units. Some analvses of beans from the 1940 season confirm this
decrease in dry substance and oil after maximum development and
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Tieurs 1.—Tate of development of dry metter und oil in the sced of threc soybean
strains (caiculaied from data by Garner, Allard, and Foubert {1ey).

also show that there is some increase in protein and practically no
change in iodim aamber of the oil.

I¢ is reasonable to assume that the chemical composition of the
soybean seed and the characteristics of the soybean oil will be in-
fiuenced by the climatic factors affecting the growth and development
of the plant, particularly during the period when the bean is develop-
ing in the pod. The period between blossoming and physiological

 Division of Plapt Exploration naod Introguetion number.
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maturity may be divided into two parts. The first is that of pod
development and fhe second that of bean formation. The date of
blooming will be governed by.the date of planting and the photo-
periodic characteristics of the variety. The length of the subsequens
period of development, including the period of pod formation and the
growth of seed in the pod, will be influenced by the characteristics of
the variety and the nature of the scason. Hence in studying $he
mfluence of environment on the composition of varicties of different
maturity ranges, it is not possible to choose any particular part of the
season as crifical for all varieties with respect to the influence of
climatic factors on composition.

EFFECT OF VARIETY, LOCATION, AND SEASON ON YIELD
AND COMPOSITION OF SOYBEAN SEED

MarERIALS AND METHODS
AGRONOMIC METHODS

To supply the laboratory with s large selection of samples of soybean
seed of known history, seed of 10 varieties and strains, chosen to
include the leading varieties in the region 2s well as a range in geno-
types, was sent to each of the agricultural experiment stations of
Ttinos, Indiana, Towa, Missouri, and Ohio for planting. This work
was initiated in the spring of 1936, at which time the seedings were
made in Jy-acre field plots, following the ususl cultural practice in
use at each station. General agronomic notes were taken during the
summer. When mature, the plots were harvested and bushel-3ized
samples sent to the laboratory. These were further subdivided orn a
Boernier sarnpler and 3-pound samples taken for chemical analysis,

The foliowing year secd of the 106 varietics was again prepared and
sent out for planting in drill plots, which, however, were replicated
for the pwrpose of obtaining more representative composite samples,
Yields were taken at all locations in the fall of 1937. By 1938 it was
found that bushel lots of seed were no longer needed for processing
studies, s0 for the next three seasons the varieties were planted in
rod-row plots, using replications to obtain more representative chemi-
cal samples and fo permit more accurate yield testing.

YARIETIES USED

The varietics were selected to include early and late types in order
to study the effect of ripening at different periods on the composition
of the seed. The varicties and strains, with the exception of Peking,
are all yellow-sceded. Peking is a black-sceded type, used principally
for hay; but, since its ofl has a high iodine number, it has been used
mn breeding work to improve drying quality of soybean oil. Most of
these varieties are deseribed by Morse and Cartter (20}, whe give the
relative maturity ranking of the varisties (expressed days from
planting to maturity ot Arlington, Va.) as follows: Mandarin, 100
days; Mukden, 105 days; Dunfield, 110 days; Illini, 105 days; Manchu,
110 days; Scioto, 120 days; Peking, 125 days. The Illinois selection
T-117 has about the same maturiéy as Scioto, whereas P. I, 545633
is & few days later than Peking. The two strains of Dunfield desig-
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nated as A and B were obtained from the Illinois Agricultural Experi-
ment Station and the Purdue Agricultural Experiment Station,
respectively, in the spring of 1936 and were carried in the test in sue-
ceeding years by those designations.

A map of the North Central Region (fig. 2) shows the location of the
six experiment stations where soybeans were grown for the study of
the effect of location and.scason on composition of soybean seed.

The soil type on which the soybeans were grown at La Fayette,
Ind., was a Crosby silt loam; at Urbana, Ill., 2 Muscatine silt loam; at
Ames, Tows, an O'Neill silt loam; at Columbia, Mo., a Putnam silt

SOYBEANS
Production, 1939

M LOGATION OF STaTiONS

UNITED STATES TOTAL \
7.538,286 BUSHELS Each dot represents o

. 25,000 bushels 1\-\ i

BASE FIGUNES AIE FRCA THE BURTAY OF THE CERSUS ’

Fieune 2.—Map of the United States showing 1939 soybean produetion and
indicating the six locations where the field investigations were condueted.

loam; at Wooster, Ohio, a Canfield 8ilt loam; and at Columbus, Ohio,
a Miami silt loam.

METHOD OF STORING SAMPLES

All samples for ehemical analysis, after being carefully comnosited,
were placed in a constant-humidity storage roomn held at 18 percent
relative humidity and 70° F. temperature for sufficient time to attain
equilibrium under those conditions prior to analysis. Although this
precaution may not be necessary for many types of oilseeds, it is
especially desirable for soybeans, as moisture content has Leen found
tohaffe(t}t) the percentage of crude ether extract removed by petroleum
ether .

Analyses of variance of the datn have been made according to
methods by Fisher (/1), and the significant variances determuned
according to the F values of Snedecor {25).

METHODS OF CEEMICAL ANALYSIS

The swmples of air-dry-conditioned soybeans were prepared for
analysis by grinding in & Wiley mill, using a screen with 1-muma.-
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diameter holes. Moisture was defermined as the loss in weight on
heating for 40 minutes at 130° C. in a forced-draft electric oven. Ash
was determined as the weight of the residue remaining after ignition
for 3 hours in & muffie furnace at a temperature of 600°,

In determining nitrogen (4), crude fiber (3), potassium (6), phos-
phorus {5}, caleium (2), and total sugars (7), the official and tentative
methods of analysis of the Association of Official Agricultural Chemists
were used with but slight modifications oceasioned by the characteris-
tics of soyheans,

It has been shown by analysis of checkrows in a soybean nursery at
Urbsana during 1937 that the oil content of the same variety may vary
as much as 1 to 1.5 percent, and the protein content may vary from
1 to 3 percent. Tlese observations are in accord with the findings of
Viljoen (28) and indicate the importance of obtaining samples for
chemical analysis by compositing several replications. It was not
possible to analyze replications separately because of the enormous
number of analyses invelved; however, all samples used in this study
were obtained either by subsampling a large plot, as was done in 1936
and 1937, or by compositing five replications, as was done in 195840,

Since no replications were analyzed chemically, in the analysis of
variance of the data the only error term available for the 5-year study
is the three-way interaction “warvicties X locations X years.” Two
samples were destroyed by mistake at Columbus, Ohio, in 1939, so
values for the two strains T-117 and P. 1. 54563-3 were supplied
according to the method by Love (79), and that number of degrees of
freedom deducted from the varietics X locations X vears interaction.

In using the Kjeldahl-Gunning-Arnold method for nitrogen, mer-
cury was used as the calalyst. The pevcentage of nitrogen was con-
verted to the percentage of crude protein by multiplying by the 6.25
factor, as is customary in feed analvses. The sample from the oil
determination was used for the crude-fiber determination. In ashing
the sulfuric-acid-treated sample for the determination, the crueible
containing the sample was placed in a cold muffic furnace and ignited
for 3 hours at 700° C. after the furnsce came to that tempersature,
The residue from the ash determination was used for the determination
of phosphorus and calcium. Repeated trials in the analysis of soy-
beans for phosphorus have shown that nothing is gained through the
use of the magnesinm-nitrate-ignition procedure.  There is apparently
enough caleium and magnesinm to retain the phosphorus.  In using
the Scales procedure for total sugars the solutions were standardized
against & standard solution of pure sucrose, and the results expressed
in terms of sucrose.

The percentage of oil in the seed and the jodine number (Wijs),
acid number, unsaponifiable matter, and refractive index (25° C.) of
the oil were determined according to the official and tentative methods
of the American Oil Chemists’ Society (7).

In determining the percentage of 0il, 2 gm. of the ground sample
were wrapped in two thicknesses of 15-cm.-diameter qualitative filter
papet. A plug of cotton was placed on top of the sample, and the
sample was extracted in a Butt oxtraclion tube with petroleum ether
(as specified by the American Oil Chemists’ Association). After 2
hours of extraction the sample was removed from the extractor and
reground for 1 minute, using a mortar and pestle. Two hundred
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revolutions of the pestle are very closely equivalent to a regrind of 1
minute, The sample was then extracted for 2 hours more. The
solvent was removed from the extracted oil by a ¥-hour heating on a
steam bath, and the percentage of oil was determined by the gain in
weight of the extraction flask.

A Y¥-hour reaction bime was used in the determination of the Wijs
iodine numbers, and during the reaction period the sample and resgent
‘mixtures were kept in & refvigerator maintained at 18° . The
refraclive indexes on the oils obtained in the oi determinations were
read to the fifth decimal place, using a water-jacketed double prism-
head dipping refrnctometer. A reliable thermostatically controlled
water supply was used to maintain constant refractometer-prism
temperature.

In order to check the reproducibility of analytical results obtained,
lots of the soybeans were frequently resampled and revun or analyzed
again in duplicate.  The results of this chiecking on precision, shown
in table 1, include not only the deviations encountered in chemieal
analysis but also those duec to any vartafions in sampling. The caleu-
lated standard deviation within samples, in most cases of the specified
determinations, are well within the maximum allowable deviation
between duplicotes allowed the analysts in reporting results. It may
be assumed that any deviation between samples greater than twice
the observed standard devintion within samples for any of the specified
determinations is of agrononice significance and may be atiributed to
differences in variety or environment.

TABLE l.— Relinbility of chemical analyses of soybeans, including sampling error

Lyevintion between re-
rus Averages on in- | Standard
dividunl snmples rdeviation
within

samples

Allgwahle
deviation
helwren
duplicates

Samples Average
FECILE I value for
duplicate samples

Coustituent

Lowest Hiphost

Protein (M X 6.25)
[T

[odine nomber (Wijs)-.
Ash... ...

Potassiun
Celefum. .
Phosphoruos.

Except for the values determined on the oi, the constituents deter-
mined in the seyhean seed are reported in the (ables and discussed in
the text on a moisture-free basis,

CLIMATOLOGICAL [DaTA

The 1936 growing scason in the North Central States was charac-
terized in general by unusually hot weather accompanied by a defi-
clency in precipitation. The warm spell started about the last week
in Junc and was not broken until the first of Septemboer. Iowa
experienced an unprecedented number of days with maximum tem- -
perabures above 100° I, according to the records of the United States
Weather Burcau8 At Columbia, Mo., the hot spell was probably the

& Compiled from Clinatologicn]l Data issues of Lhe U, 8, Weather Bureau.
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worst on record and the drought nearly as severe as at Ames, Towa,
Temperatures were high at Urbana, Ill., with a precipitation deficit in
July but normal rainfall in August. July and August temperatures at
La Fayette, Ind., with departures above the normal of 8.2° and 6, 2° F.,
respectively, were similar to the temperatures for the same period at
Urbana, IIl., and Ames, Towa. This contrasted with the less severe
departures from the normal at Columbus, Ohio, for the same 2 months
of 4.7° and 4.8° F., tespectively. At Columbus, Ohio, the last week of
July and the month of Angust were marked by showers, thus breaking
the drought much earlier than at either Ames or Columbia. Table 2
gives the mean and normal monthly temperatures and the total
monthly precipitation during the summer seasons at the five locations
for 5 years.

TanLe 2.—Mean monthly temperatures and tolal monthly precipifation at locations
where experiments were carried on during the summers of 1936401

Temperaturo TPrecipitation

Aupust t QST;E;:I. October) Mean Auguat t csrﬁrt)h‘er Qetober:

Year nnd location

1886

L}

Ames, Iowa....
Columbia, M
Urbona, Il

La Favette, Ind.....
Columbus, Ghio. ..

1087

~ignta o
e Sy
mEDo
- =] -l

SRSy
wnoo.e’

Ames, Iown. ...
Columbis, Mao. ...
Urhana, IH. .. ...
T.a Fayette, Ind....
Columbus, Ghio_. _

1058

3 md b g
B o
e B

4

Ames, Inwa
Columbia, o
Vrbame, .. .. ...,
L Fayetle, Ind._..
Columbus, Ohia___

Enfh b3 R
B Enae S
=g ]

1585

Ames, lowa... ...
Colnnbin, Ma.. ..
Urbnne, 11I.. .. ..
La Fayetite, Ind. .
Colanthus, Ghio. ..

1840

Ames, Town. ... __
Celumbizs, Mo.....
Urbana, L. . "
T.a Fayette, Ind. ..
Columbus, Ohlo_ .}
L
18- to 65-year nver- |
nEes:
Anes, Jowa _. . . L M. 2 &l . . L3 L B 13. 78
Columbia, Mo, P T2 6. 4 3 L d. ER . 3 1407
Urhona, 111 . T2 66, 2 M. TN 3. 353 3 L 12. 08
La Fayelte, Ind | % T3, 4 T BB, .75 ; 3. . 13. 107
Colirmbus, Ohio . L6 N 66, & 7,40 1 1 L . 10, 84

Zntas

BB s g §
- 9—=F-—TT

1 . 5. Weather Burcan clima[nlogic;ll data, 1linols, Indlana, lowa, Missourd, nnd Ohio seetions, 1035-40
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The 1937 season was cooler than that of 1936, with a better distri-
bution of rainfall, as can be observed by examination of the weather
graphs for the seybean-growing season of these 2 years (figs. 3 and 4).
Temperatures during August varied only slightly from the average,
being high at all locations. In general, a striking similarity is noticed
in the weather at all five locations, the temperatures fluctuating
together, though on slightly different levels.

The 1938 growing season was characterized by tempersbures uni-
formly above average, with means for August 2° to 4° F. above at the
five locations {fig. 5). Precipitation for July and August was fairly
plentiful except at Columbia, where & drought beginning in July
became more severe as the season progressed.

The 1939 growing season was characterized by near-normsl tem-
peratures at all locations during July and August and temperatures
uniformly several degrees above average for the first half of September
(fig. ). Precipitation was adequate In the early part of the season.

At Columbus the month of August, with a precipitation 60 percent
of average, was the driest in many years, seriously affecting yield of
medium snd late soybean varieties, Temperatures, however, werse
not much sbove normsl during the dry period.

Temperatures st the five locations during 1940 (fig. 7) were very
similar. They were somewhat below average during the first half of
July. A warm spell then oceurred uniformly at all five locations and
extended to the.middle of August, after which the temperatures
dropped off at the normal rate to the end of the season. Rainfall was
about average and well distributed except for an abundance of pre-
cipitation at Ames and for a drought at Columbus, during July and
early August, severe enough to affect seed yields.

YIiELD

The principal purpose of the present study has been to gain informa-
tion on the variation in composition of soybean varieties when grown
under different climatic conditions. Yield deta were obtained for the
last 4 years (1937—490) of the study and are recorded in table 3.
Although the 1937 yields were taken on duplicated field plots and the
1938—40 yields on rod-row size plots with five replications and an extra
variety included, the mean yields for the 4 years should be com-
parable,

TABLE 3. —Yield of sced per acre of 11 varieties and strains of soybeans af each of
& locations during 198740

Yield of seed per nere of the vorfeties indieated
Year snd locotion Mean
Dun- |Dun-
Man-| Muk- . i | Man-| Sel- Pe- | P.I { Man-
darin | don | felds ﬂ%d’ Littet "ohy | oo |T-3E7 king |54563-3 dell
1857
: Bu. | Bu. | Be. | Bu, | Bu. | By, | Bu. | B, | Bu.
Amea, JOWE__..coauennn- 200 | 2.3 (26,9 27.8 @83 2.2 .50 .3 | 9.4
Colnmia, Mo, 07,2 30,1 | 25| 3.4 33.9 ] 322 ) 3LT | 2R.0 | 220
Urbaes, Il ___._ 25,8 | 220 | 2. | 18,4 | 408222 | 21.46 ( 8B.7 | 21,7
La Fayeite, Ind 0.0 | 33.7 | 30.2 | 34.4 | 35,8 | 327§ 312 | 34.2 | .7
Cohrmbug, Ohio . ___._. £.2 M,1 11330174 | 187 (4.0 ) 18.5) 180 17,3
B ICT: T TN LGt | 242250256 248) 247 20,7 £9.0




CHEMICAL COMPOSITION OF SdYBE&N SEED .15

TasLe 3.—Yield of seed per acre of 11 varielies and sirains of soybeans af each of
6 locations during 1937-40—Continued

Yleld of seed per acre of the varieties indloated

Yeear snd {ocation
Dun- | Dun-
- - | Man-| Scf- Pe- | 2.1, | Mab-
feld, ﬂ%d, 1Hin] chu | ot T-117: klog [sts63-3] dell
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Meaximum yields arc obtained when & variety uses the entire grow-
ing season. However, yield may be sacrificed to obtain earliness
as with the carly variety Mandarm, which is adapted to the northern
tier of States in the North Central Region. It is used in the main
soybean States of Ohio, Indiana, Illinois, and Towa only as en early
variety to be harvested akead of {zll grain seeding. Mandarin has
been significantly low in yield at each location during each yeer since
1938, with the exception of the 1938 season in Ohio, when it was signifi-
eantly high in yield. In explanation of this, it can be seen from the
1938 weather graph (fig. 5) that abundant rains occurred at Columbus
the last of July, during the critical filling period for Mandarin. The
severe drought during August at the filling period for the later varicties
seriously reduced yields below what could have been obtained with
better rainfall distribution. Mukden, being later than Mandarin, has
yielded higher for an average of the entire period.

An observation of interest in conncetion with the principal com-
mercial varicties adapted to the States of Ohio, Indians, Illinois,
Missouri, and Iowa is the very close mean yiclds obtained. On the
other hand, late varictics that frequently are caught by frost suffer
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reduced yield and may be difficult to harvest. Peking has averaged
surprisingly well over the region, considering its lateness. The selec-
tion P. 1. 545638 is even later than Peking and has suffered reduc-
tion in yield at Ames and Columbus in some seasons by being caught
by frost. The 4-ycar average yields shown in table 3 may be helpful
in studying the relative performance of the varieties. Further dis-
cussion of effect of season is given in the discussion of the cffect of
fertility level.
Size or Seep

One of the characteristics used to deseribe soybean varieties is
seed size. Much variation exists in the size of seed from different
soybean types. On an average, a range of from 0.75 gm. per 160
seeds for the small-secded wild soybean to 35.0 gm. per 100 seeds
for the large-seeded vegetable types can be expected, The more
common commercial types average from about 13.0 to 16.0 gm. per
100 seeds. Farmers prefer medivin- to small-secded commereial strains
for two reasons: First, the smaller sceded types emerge through a
crusted soil surface with less difficulty than the large-seeded types
and with fewer broken cotyledon.; and second, the smaller seeded
commercial varicties have a larger number of seed per bushel, thereby
permitting a slightly lower seeding rate. For industrial-processing
purposes there is no particular preference for either the large- or
small-seeded {ypes within the limits encountered between the com-
mercial varieties,

Size of seed is given in this study as the weight in grams of 100
seeds, determined after the seed had been stored at 70° F. and 18
percent relative humidity for sufficient time to attain moisture-content
equilibrium.  Although seed size is of relatively little importance,
moisture content exerts an influenee upon this determination, There-
fore, accurate results ean only be obtained if uniform moisture con-
ditions prevail,

The 10 varicties studied were known to differ significantly in seed
stze, Peking is shown to have a 3-year mcan of 6.92 gm. per 100
seeds whereas Illinois T-117 has o mean of 15.37. P. 1. 5450633
and Tllini have a smaller mean weight per hundred seeds than do
Manchu, Scioto, Dunficld, Mandarin, and Mukden. It should be
noted that the unusually low value of P. I. 54563-3 at Ames in 1037
was due to immaturity at the time of {he first killing [rost. Scioto,
T-117, and Peking wore also frosted, but they were sufficiently
advanced toward maturity so that they ¢id not deercase appreciably
in size.

A separate study conducted on Ilini in 1940 at six successive harvest
dates, extending from the “[ull-podded bean stage” (late vegetable
stage) to complete maturity, showed only a small change in seed size
due to time of harvest. This indicates that beans frosted near ma-
turity will decrease appreciably neither in size of seed nar in relative
yield as an indircet result of frosting. The data showing the relation
of maturity to size of sced are graphieally represented in figure 8.
This figure also shows the trend in percentages of protein and oil and
iodine number of oil during the period of desiccation following physi-
ological maturity.
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In table 4 seed size is summarized for 10 strains of soybeans grown at
5 locations for 5 years. Seel size was noticeably smaller at Columbia
than at any other location for the 5-year period. A possible explana-
tion for this may be the higher temperatures at Columbia, accom-
panied by insufficient rainfall during the filling period. This relation-
ship can be substantiated by reference to figures 3 to 7. In 1939
(fig. 6) it will be poted that there was an abundance of rainfall at
Columbiw during August. Therefore, larger seed size might be
expected at Columbia for that scason. Referring again to table 4,
it can be seen that the average sced size for all varicties was larger
at Columbia than at any other of the 4 locations in 1939.  Apparently

10DINE NUMBER

PRCTEIN

PERGENT

SEED SIZE

ml’-ﬂ
=
oy
ul
U e
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<10
x 0
- =

| | | | |
16 e 20 23 23
DATE OF HARVEST IN SEPTEMBER

Ficure B.~Lifeet of slage of maturity on secd size and protein and oil content of
soybean seed, and of the lodine number of the oil.

seasonal conditions play an important role in modifying size of soy-
bean secd, one of the impertant factors being the stage of development
of the whole plant and its parts when unfavorable weather conditions
occur. During flowering and early ovule and secd development the
soybean plant regulates, by physiological abortion, the number of
seed that it can fill under existing environmental conditicns. Thus,
when unfaverable growing conditions occur early in the season the
plants are smaller and less sced are set. Subsequent favorable con-
ditions providing abundant food for these sceds set tend to produce
larger seed than would be produced if reverse conditions oceurred.

41022742 —-3
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TAnLE 4—8ize of seed, expressed {n grams per 100 seeds, of 10 varielies and sirains
of soybeans grown at § locations during & ycars; average seed size by variely,
Iocation, and year; and enalysis of variance of the date

EXPERIMENTAL DATA

Weizght of 100 seeds of the varicties indicated
Year and lacation :
Dun- | Dun-
Man- | Mok- imi | BED- . Pe- | P.L.
darlz | den ﬂ(:{d, ﬂngd, Tini ohm Scioto | T-117 king |s4563-8 Mean
1895 |
Grems |Grams {Grams |Grams [Crams |Grems |Grams |Grams |Grame |Groms |Grams
Ames, Iowe_._ —{ 12.12 i 1541 1 15321 16,20 ) 14,54 | 15.93 | 15.16 | 18.53 | 9.33 1} 25.41 1480
Columbig, M 10,50 ° 1171 | 11, 36 [ 13.06 | 10.62 | 10.35 | 10.82 | 12,17 7.96 | 14.30 1130
Orbana, . 17,50 ;0 14.61 { 34,851 24.25 1370 ) M.V7 | 19.16 | 18.06 | B.70 | 16.48 | 1515
La Fayetts, I 14.32 i 1584 L 31541 | 16500 | 13.83 [ 16,02 1461 | 16,08 | 7.14 | 24.30 ) 14,33
Columbys, QOblo. | 16.02 : 16.58 [ I3.7G | 15.66 | 13.18 { 14.46 | 16.20 | 18.68 6,77 13,70 14. 30
Mean. .. __oooao.] 14.09 ; 14.53 1 14.03 § 14.83 | 1218 | 14.81 | 15,18 ] 16.48 | 798 | M.82 ] 1367
13.50 01300 ] 13.25 § 12.22 1 14.20 | 11.86 | 13. 25 5.33 711 11,62
1280 (12,95 13.13 | 11.48 ; 1277 { 11,91 | 12. 564 6.47 | 10.8% 11.90
14,08 | 13,76 | 13.62 } 11.656 | 12.59 | 13.0G6 | I4. 18 6.33 | 13. 44 12.73
.77 11540 1 1575 1 1425 | 15,24 ¢ 14.46 | 14.84 6.72 | 12. 54 13. 48
12,38 | 13,06 ] 13.25 ;12017 | 1306 [ 14.25 [ 14,32 £.75 | 12.83 12,90
113,51 1 13.65 { 13.90 | 12.42 13,61 I‘ 13.11 | 18,83 6.32 | 11.38 12,70
Ammes, Towa______..__] B4.48 [ 12297 1 3402 1 E4.84 { JAVG{ 1575 | 16,02 | 1624 | V.27 13.00 | I3.89
Columbia, Mo. 1280 | 13.00 | 1407} 14.46 ) 12,06 { 13.43 | I3.50 | 15,08 1 6£.88 ] 1L7I 12,82
Urbana, M._.___ 1648 1 E2.63 | 1370 14,00 102,43 1 MLTT | 1542 | MLF7 | 6.9 | 1232 13. 45
La Fayette, Ind______f 14,02 1 13.70 F §4.39 © 14.61 + 12.83 | 1541 | 15,32 1 15,00 7.00 [ 2.0 1353
Columbug, Ohio_____y 16.20 © 12.01 « .70 13.00 @ 10.80 12.60 @ 12,38 | 11.43 6.1 X 12,43 1178
b T T 15.01 | 13.20 F 13.56 j 1419 12.41 ' 1448 T1.33 ) 1430 ] G.85[ 1267 ] 13.10
189 ; ! {
Ames, Town__________ 16,58 | 1560 | 15.4% | 15. 75 : 15.08 (161 | 1524 | 14.564 6,462 | 12.38 14.28
Calambia, Mo.. ... 13001 16.11 ) 15,401 16.39 ) 15.66 | 15606  16.48 | 16.78 644 | 14584 14. 65
Urbana, Hl.......__ 11532 | 14.65 | 15060 | 1698 ' 1461 ] 1503 | 1503 | 1.5 ] 6.26 | 167 | 14.18
La Fayette, Ind__.___ 16.02 | 13.97 | 1.70 § .38 1 12,25 0 1408 § 13.50 | 14. 40 6,24 | 11. 57 13.69
Columbis, Ohio__._._ I3 44 1 BLE PIV.0B [ 1853 B3GR | 807 | 1510 115. 58 785 |H2 &0 14.12
Mean. oooommeas 14,87 | 14,62 ; 15,48 | 15.37 1 1445 . 150 W20 16 i8 G.68 | 12.55 14,64
1940
Ames, JTows__________ 15.41 ' 16,20 | 16,30 | 16,11 } 14,77 | 16.35 6,18 | 1260 14.78
Columbia, Mo. 13,07 11516 | 14.77 { 15,16 | 1.02 { 35.32 | 6. 14 ) 12.08 13.68
Urbsna, I, .. ... . . wors!1re |13 sl gt oo {84t | roo i) 1w
La Fayette, Ind. ... 1518 1 17.72 | 18,59 18.06 | I5.84 | I7.04 | 17.60 | 18. 53 g.53 1 11, 52 15 55
Columbug, Oblo__ .. 15.4) § 16,02 | 16,48 | 17.08 | 1508 1 16.29 | 16.98 { 15.58 6.05 | 14.38 15. 18
0 1 4 R, 15.10 | 15,98 | 15,64 | 16,84 | 1513 | 16.45 | 16,06 | 17,05 | 6.7 : 12,67 | 14.77
&-grear mean
Amos, fows, ... ... [ 1537 | 1460 | 1483 1 15.27 | 14.40 | 15,60 | 14.01 | 1550 4,856 | 1228 13,05
Colambig, Mo_ ... | 1286 | 18,95 | 13,57 | L& 44 | 12,62 | 13.51 | 13.54 | 14.38 6.78 | 1274 i2.87
Urbans, I]’l v ccmma-n| 15.35 1 14.33 | 14,64 | 1530 | 13.25 | 1503 | 1502 | 1549 7,82 | 13.3¢ 14.1H
La Fayette, Ind_..__. 528 ] 15,200 1511 [ 15,521 1400 | 15 T3 | 14,00 | 1500 6.74 (255 14.10
Columbus, Ohlo... .. 15.6) | 14,06 0 14.22 0 15.50 1 18.00 | 14,08 | 1400 } 1462 | &80 | 13,19 13,65
Mesn.. . _____..] 14.B8 | 1443 I 4. 47 I 15,20 ) 18,52 | M. 70§ 1470 ] 15,47 | 682 | 12,821 13,72

! Missing datp supplied,
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Tanre 4.—Size of seed, expressed in grams per 100 seeds, of 10 varielies and strains
of soybeans grewn at & localions during § ycars; average seed size by vardety,
location, and year; and analysis of variance of the date—Continued

VARIETY AND LOCATION MEANS 1T

Variety and Ioeation

Dunfleld, A___
Dundeid, B
Iini. . .
Manchu

Ames, Iows

Columbie, Mo
Urbana, th
La Favelte, Ind__ - . 3
Columbus, Ohis 3 12.00

12,70%° ¢ 13 16°°

LYSIS OF VARIANCE?

Mean squere for indiosted yoar

Source of variation

1937 1932 | 1940 | 5yeats

Varieties 30, 31"~ 38, 35" | 47.40°*
Locatiens.. . . 4. 84"
Years e ien

Voricties X years,

Loentions X years ... ... ...
Varietios X logations ... __
WVarictics X locations X yoars. _ 142

* Variety means reprosent 5 lacntions; loeation meons ropresent 10 varioties.

3 ° =sigpificently lawoer than general mean (3-peroent level),

*? =highly signifienntly lower thrn ganetal mmesn (t-pereent fovel),

“In case ol mesns=significanlly higher than peoera) moas {o-porcent lovel) In case af rmean sqmares,
slgnifteant (S-percent lovel).

"*In case of means=highly signiflcantly higher than genera! mean (i-porcent level), In case of fmeanm
squares, highly significeat ()-pereent lovel),

Because spring and early summer growing conditions of 1940 were
generally unfavorable when compared with later conditions, larger than
average seed was produced. Contrasted with these conditions were
the very favorable spring and early summer conditions of 1939, which
favored an abundant sced set, and the extremely dry weather in
August and September of the same year, which produced the smallest
mesn secd size for all locations except Columbia.

As dry hot weather conditions ordinarily prevail during the month
of August, the sced of an early maturing variety, such as Mandarin,
would not be appreciably decreased in size, as would those of the later
maturing varieties. This can be verified by numerous examples in
this study, one of which is seed produced at Urbana in 1938.

Thus, the climatic influence on seed size becomes evident. The
complex analysis of variance for sced size of these 10 varieties at 5
locations for 5 years, shown in table 4, bears out the sbove-mentioned
point. This analysis shows that year contributes more variability to
size of soybean sced than does location. However, both the mean
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sguare for location and year are highly significant statistically. The
large varieties X years imteraction is not surprising in view of the
variable seasonal rainfall in the various regions. The varieties X
locations interaction is low with respect to the error term {varieties X
locations X years), indicating that varieties tended to remain in their
same respective rank for size of seed at the different locations during the
5 yvears. Although seed size in soybeans is a heritable characteristic,
environment has been found te play just as important a part as it
does with oiher quantitative characters, such os yield and eomposition.

ProTeEry CONTENT

The protein of soybean sced contains many of the biologically
essential amino aeids and therefore is of value as a feed for livestock,
for which purpose it is usually marketed as soybean-oil meal. The
protein has many uses (£2) in human nutrition and also serves as an
excellent industrial raw materinl, especially in the field of plasties
and adhesives. The largest single industrial use of soybean meal is for
plywood adhesive. It iz estimated that more than half of all the
plywood in this country is glued with adhesive made from soybean
men}, A much smaller use is for wallpaper coating, and an additional
small tonnage is used for plasties.

Refined soybean protein is produced to an extent of ahout 10 tons
per day and is used at present primarily for sizing and coating paper,
for sizing cloth, and for water paints.

Variation in the percentage of protein metaholized in soybean seed
due to environmental fuctors has been the subjeet of much study.
The increase in protein resulting from applications of lime has been
quite consistent (10, 18). Btark (26) found an increase in protein
with lime applications and also to a lesser extent with phosphate.
Stark also concludes from a study of protein content resulting from
several soil treatments at two locations that the chief factors affecting
the composition of soybeans grown in different localities are soil
fertility and soil reaction. Fowever, Stark was reporting data
obtained from fields separated not over 50 miles and in a region of
similar climatic conditions.

In the present study, seed of the 10 varieties and strains of soy-
beans grown at the 5 Joeations during the 5 seasons 1936—40 were
anslyzed for total nitrogen. Protein values were caleulated as
nitrogen X 6.25, the conversion factor in common use by the feed
and processing industries,

Protein content of the seed varied considerably among the varietics
and strains used in the study, Mandarin being the highest and Peking
the lowest for all locations over the 5-year period, as shown in table 5.
In this teble are recorded the individual analyses of the 10 strains
grown at the 5 locations during the 5 seasons 193640, together
with their means. The lowest protein content was 36,62 percent for
a sampie of Peking at La Fayette in 1940, and the highest was 53.19
percent for Mandarin at Columbia in 1939, & range of 16.57 percent,
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TasLe B.—Crude protein content (dry busis) of seed of 10 varieties and strains of
soybeans grown al § locations during § yewrs; average percentage of prolein by
varicly, localion, and year; and analysis of variance of the data

EEXEPEERIMENTAL DATA

Crude protein sonient of sced of the varieties indicated

Yeer and locatlon Muk. | D b M
unk- un- n- olan- H Pa-
den |Geld, A|neld, B} T | Ty ™ | Seloto ] T-117 [

1856
Prt, . .| Pet.
47,31 g X 4G, 88
45. 4 . 40. 25
3 3 45, 13 . L 41.63
Lo Fayette, Ind. 7. 5 3 . 44,25 | 43, . 40. 00
Columbus, Ohlo.. ..__ . 3 4541 3 43.03

Mean_ ... . 3 ) 43. 6B

1887

Ames, Town, . ..., . 40, 44
Columnbia, Mo_ . . 42, 63 X X . . 43, 50
Urhana, Nl.. ... 45,4 3 ) . L 6 3700
La Foyette, Ind_. ... . 46. 83 A 3 . . 39,00
Columhus, Obie 4. 04 . 40. 00

Mesn_ oL 45,13 . 40. 26
1588

Ames, lowa. .o __.. 46, 28 7! 3 40,10
Columhbin, Mo . . 45. 060 3 . . L . 43. 4G
Urbana, 10,0777 430aa | 41,50 . . .50 | 3688
La Fayette, Ind . _. L 49, 19 L7 . 3 L L 3904
Columbus, Ohio___...‘ +4. 56 3 , 35, 50 | 36.38

43,46

Ames, Towa, .o.oaa... 3 45, 1%
Colunthin, Mo .| &4 48, 68
43,25
La Fayctte, Ind. ... . 45. 31
Columbuys, Ohie......1 47, 81

Mean....._...... 46,05
1840

Ames, Ipwa ... .. -] 49. 56 | 45.81
Calumbin, Mo . 48, 75
Urhanoe, (1. .. | 47, 44. 50
Le Fayette, Imd. .. 4881 .2, - X X
Culumbuog, Ohle . ... 45. O 2. T . 4006

Mean. . ..oeooenn. 45,78 . BEF HIR BT

G-yeqr mean

Ames, lowa_. .. 46G. 61 . ) 42.G60 | 41.49 | 42.04
Columbin, M., .. 3 7 3 42 2, 42.68 | 42.20 ) 42 00
Urbann, 1 ... . . k . L 3 . 40,50 1 30,98 § 4108
La Fuyctte, Ind___... . 42,45 1 30.2) 1 41,04
Columbys, Obdo.., .. | 47.35 j [ 40, U7 : 30,96 | 1,97

Mean .. ...... |46.42 45.78]41.38 ' A2AT | 41,80 110,58 | 42,18 |
1 1

| Missing dato supplied.
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TasLE 5.—Crude protein contenl (dry basis} of seed of 10 varieties and sirains of
- goybeans grown at § localions during 5 years; average percentage of protein by
variety, location, and year; and enalysis of variance of the dala—Continued

VARIETY AND LOCATION MEANS 3

Varlety and location 1937 1940

Varloty: Fereent Percent
Moandarin 45. 54 * * . O

H.EB"i 42,18 '

ANMALYSIS OF VARIANCE *

Degress Mean square for indicated year

Bource of varistion

O
frecdom 1937 | 1988 | 1039 1040 | 5 years

Varleties_ L B4 17, 85" 2. 48" 23.89% 38197 63,45
4, 73" | 41.54"* .81 a4, gi**

A . 38,46

Varleties X years.

Locations X years .

Varicties X locatlons. .........

Varioties X locations X yenrs. . R R

1 Variety means represent 5 locations; locetion means represent 10 varictios.

1 °=gjpnificantly lower than gencral mean (5-persent level).

*°mhighly significantly lower than general meen {1-pereent lovel).

*In case of means=significantly higher than general menn (S-percent lovel). In case of mean squsres,
signlficant (5-nercont level).

**In ease of menos=highly sipnifteantly hipher than genernl mern (i-percent feveld., In case of mean
squsres, highly significant {1-percent level).

The mean values of protein content and the analysis of variance of
the date are also recorded in table 5. The varicties are remarkably
consistent in their performance in the different years. Mandarin,
which was highly significantly higher than the mean of all variefies
for the 5-year period, had a high percentage of protein in all years.
The variety Mulden is also characterized by high pretein content.

Peking, the variety having the lowest mean protein content, was
significantly low in all years except 1936. The differential severity of
the drought in 1936 in the five locations may have been the cause of the
grenter varicty X location interaction, and for that year no variety
departed significantly from the mean.

The 5-year means show Dunficld, one of the principal commercial
varieties tn the region, to be significantly low in protein content with
41.4 percent, whereas Manchu, another of the leading varicties, is
highly significantly high with 44.1 percent. These percentages and
relative ranking agree quite closely with the values given by Odland
and Lea (21) in Rhode Island for the same varietics, 41.87 percent for
Dunfield and 45.10 percent for Manchu, respectively.
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Analysis of variance for the 5-year period (table 5) gives additional
information on this point, the low varieties 3¢ locations interaction
indicating that within the srca covered in this study location was
without cffeet on the rclative ranking of the 10 strains during those
seasons. It should be pointed out that, since the samples for chemical
analysis were composited and only one analysis was made for each
variety at cach location each year, no true crror term is available for
use in evaluating the interactions. This situation is always unfor-
tunate in studies involving chemical analysis where the agronomist can
produce more sampies than there is wisdom in analyzing chemically.
Snedecor (25) and Salmon (28) indicate that canlion must be obscerved
when using interactions as an error tern.

Among the locations, Urbana has produced low-protein-content
seed during four of the seasons, 1937 to 1940, and {or the 5-ycear period
2 mean protein value highly significantly lower than the general mean
of the test was obtained. The only scason that Urbana was not the
lowest of all locations was in 1936, the year of severely high summer
temperatures. By referring to the 1936 weather graph (fig. 3) it can
be observed that temperatures were not so severe at Columbus, and
rainfall, while low, was fairly well distributed, which may explain the
low protein at Columbus that season.  Fitting into the explanation is
the vory high mean protein content of the Ames seed for the same
season, Ames having an extremely severe drought and unusually high
July and August temperatures. In 1939 the varietics averaged bigh
in protein at Columbus, coinciding with a long period of drought and
temperatuves above normal.  Another explanation. however, must be
sought for the high average protein produced at La Fryette during
1938, a scason of well-distribufed rainfall and nearly normal tem-
perature.

Among the five seasons, as has been previously indicated, the mean
protein content of the seed of all the varieties at all locations was high
in 1936. It is of interest to note in table 5 the high location mean
square for that season in comparison with the varieties mean square.
The dissimilarity of elimates at the five locations may account for the
higher loeation variomee and also for the high varicties X locations
interaction. This was observed to a lesser degree in 1938 and 1839.
However, in 1937 and sgain in 1940, the effect of the seasons was
evidently similar at the five locations, for there was relatively less
varianece due to loeations and little varieties X locations interaction.

O1L CoNTENT

The oil which comprises from 18 to 20 percent of the total weight of
the sced of the leading rommercial soybedan varicties is of value for
edible purposes and many industrial applications. Because in price
per pound the ojl is the more valuable of the two constituents, oil and
o0il mea}, ordinarily obtained by processing of soybean seed, it is only
natura] that much interest is centered by farmers and processors in the
oil content of different commercial varieties and in the influence of
location and season on this constituent.

Sced of the 10 varieties and stenins of soybeans under test were
found to differ significantly in oil content or crude ether extract.
The analyses are given in table 6. The means of these analyses,
together with the analysis of variance of the data, are also summarized,

*
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The variety Mandarin was significantly low in oil content in every
senson except that of 1936. It will be recalled that over an average of
ell locations Mandarin seed was significantly high in protein content
in these same years and was als¢ high for the 5-year mean. Tt may
be of interest to observe that during 1936 Manchu sced contained less
oil than Mandarin, and at the same time more protein, even though
Mandarin was higher in protein for the remainder of the years.
Dunfield has been characterized as a variety prized in Manchuria for
its high oil content (20, and in the present study this variety, with
only one exception, has consistently maintained the highest mean
percentage of oil of all the varicties and strains under test. The
exception was Dunfield, B, for 1940, the data for which seem to be out
of line with the other data for that season. It will be noted that the
A strain in oil eontent was equal to, or higher than, the B strain in
1937, 1938, and 1940; and, by reference to the protein analyses (table
5), it will be found that for these same samples the reverse is true for
protein content in most instances. A definite exception to this inverse
relationship between protein and eil is found in the variety Peking,
which has quite consistently been low in mean percentages of both
these constituents. The one case in which Peking did not produce
the lowest pereentage of oil of all varieties in the test occurred in 1940,
when, for all locations, Mandarin had a mean value of 16.28 percent,
whereas Peking had 17.80 pereent. A glance at table 5 reveals that
mm this season Mandarin metnbolized into the seed the highest mean
percentage of protein of all the varieties. Apparently the climatic
conditions responsible for the low oil content also produced a high
protein content.

TaBLE 6.—01L content {dry basis) of seed of 10 varielies and strains of soybcans grewn
al & localions during & years, average percentage of oil by variely, location, and
year; and onalysis of variance of the dala

EXPERIMENTAL DATA

Oil ponbent of seed of the varieiies indimted
Location and mean ]
[ fan. | Muk. | Dun-
, darin i en

Don-

fleld, | field, lmg Moo
A T

g P I
chir Seloto | T-117 | Peking 515633

e e e[ [ |[

1636 i f i
[ 8 . b e P, D Pet | P,
Amos, fown . P8 ks 1810 1D RN R v A AT I P EO:" S il <
Colombin, Mo ____ 1081 - #6207 e 1T.H0 P S48 COIR0H | 1715
Trhane, 11 G4 . Sh.R0 - 8 PRt 118,70 7 I7.07 ; 20,25
La Fayette, Ind. . AR -1 3 JBOC 2004 10 2h IO T ML 45
Columbus, Oliln i 18, LY LI B.02 . 22w 6% ] 2118

Menn.__. ... .74 | i4.80 21, 4016 ¢ i8.67 [ 20, .25 | 16,40 | 10, 13
tas7 '

t

! ! !
Ames, Iown . . | 18 . . A3 102100 HLE5 167 | 20.08 4 16,05 | 1660
Columbin, Mo. | ._.. A 3 . 21 W70 : 10,07 o2, 7 AL Sl p WM
Urbana, ... ... .1 1§.4 10,23 £ 2.0 1 20, 20,24 11045 20080 LS A5 LT
Lo Fayette, Ind X 18,36 ¢ 21, 1 JI3 G RLE T I0B1 19,57 | B 10, 5
Colambus, Oido _ . | 1781 115 a0 7y ! i .18 ¢ i

Men_ .o .......| 18.95 ] 1037 2510 | 2110 1 ¢

LU T L T
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TABLE 6.—Qil content (dry basis) of seed of 10 varieties and sirains of soybeans grown
at 5 locations during & years; average percenlage of oil by variety, locaiion, and
year; and analysis of variance of the data—Continued

EXPERIMENTAL DATA—Continued

Qi content of sced uf the varicties indicated

Location and mean ! |
]Pcking P L

: Dun-
1 Beld,
i A

‘ Dun. |
- feid,
- B

Iiipi | Man-

ehix

3
Scioto : T-117 51559

1938

Ames, Iowa.. ..
Columbia, Mo
Urbans, IT1, .

La Fayettr, In
Columbus, Ohla._

P,

8. 19.81

T21.3
L 21,22

5. 2005

20, 51

e, -
19, 82 |
20,99 !
2T
P39
0,26

P,
16 B4 1
16. 40

Mean

£ 20.58

20.63

Arnes, Jowa__ __
Colombia, Mo
Crbanoe, DI _.

La Favette, In
Columbus, Ghio. |

Mean i 18.18 | 10.15

1340

Ares, lowa...... . _.:
Columbis, Mo, ..
Urbana, 11 ., .
La Favolte, Ind_ .
Columbus, Ohlo. .. ..

18. 54
1538
15, 80
16. 81
ib.85

Mean, oeeeean

S-year mean

- 18.71
AT
R
18 54
9,25

Ames, Towa..........
Columbis, Mo _.
Urbaps, 1. __.
La Fayette, Ind _
Columhus, Ghio ..

REZESS

T 17.05 .

B 8geEs

5

Meosp i ik I

v

; 19.40

1707

VARIETY AND LOCATION MEANS 1}

Variety and location

1837 ‘

1938

1639

Variety:
Mandarin
Mukden_ ...
Dunfield, A.
Trunfeld, B
IMini .., .

Peking
P.I H503-3 ...
Location:
Ames, TOW8. oo meeim e ———
LCelumbin, Mo
Urbans, I, ...
La Fayette, Ind,
Columbdus, QW6 wunecae e caecan. ..

Average of all samples. . . ___....

Pereent
18.85°
12, 37
21 15"
21,19
20.23
19, 55
20.15
20,27
18, 50°°
16. 32

19.61
20. 05
10. 98
19.565
10170

1967

( Percent

18, 6i°®
10.24
21, 40
Fal I
x, T4
19, 45
20. 53

2,63
17, 27°0
2. 34
19, 25°
20. 28
21, 61
0.4
19,08 !

19,08

Pereent |
15, 18°°

9, 15%
2L 15"

See footnotes st end of table.

4162279 - 42——4

1840

Percent
15, 250

" 5 yenrs

Pereent
i8. 1%
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TasLE 8.—O1il content (dry busis) of seed of 10 varielies and strains of soybeans grown
af § locafions during § years, average percenioge of oil by variely, losalion, and
year; and analysiz of verience of the data—Continued

ANALYEIS OF VARIANOR 3

Degrees Mean sgere for indicated year

Squrce of variatlon of

1947 1838 1830 140

Vurieties X 0.5 7,03 2,13
127 5.10%* 4. 93=*
Y BIF_

Varieties X years

Locations X years. .. -
Varietles X Jocatlons . .39 .33
Veristies X locations X years. .

t Missing dats supplied.

2 Varlety means represant 5 lscations; location means represent 10 varietles,

1 “mairnifieantly lawer than genernl mesn {5-percent level).

o= Liphly sigoifleantly lower than general mean (I-percent lovel),

*In case Of means=significantly higher than gouersl mean {5-percent level). In case of mean sguares,
sigmﬁaant {Spercent level).

“*In oase of means=highly sigmﬁcmt}{ higher than genera! meap (l-percent lovel). In case of mesm

squates, highly signifleant {I-percent love:

To the plant breeder and the grower of soybeans for processing,
information on the effect of location is as important as the effect of
variety or genotype on the ¢il content. A few observations can be
mads relative to the tendency for certain places to produce seed of
high or low oil content. Among the 5§ locations, the 10 varieties
averaged highest in oil content at Urbana in 2 out of the 5 years,
standing hi%hly significantly higher than the mean in 1938, Likewise,
at Urbans for the entire period the 10 varietics also maintained an
oil content highly significantly above the 5-year mean, and 1.21 per-
cent above the value for Ames. Although this relationship may be
valid, the very low mean oil content of the varieties for the 5 years
at Ames was due in part to the low oil content of these varieties in
1936, a season of unusual climatic conditions.

Among the 10 varieties and sfrains included in the test were Man-
darin, & northern variety toc early for the locations in the study, and
Peking, & black-seeded variety, not suited to processing on account
of the black flecking in the resultant meal as well as the low oil con-
tent of the seed. These and other strains were included fo enlarge
the mnge of genotypes under fest.

Table 7, giving mean values of 5 of the leading commereial varieties
now comprising & large part of the acreage in the region, should be of
special interest to growers and processors. This table presents the
same relative pict.m‘e for the 5 as was given earlier for all 10 of the
varieties, as to the effect upon oil content of the region where the
soybeans are produced. It will be scen that an average of these
leading commercial varieties of the region at the 5 locations shows
Urbena as producing the highest percentage of oil and Ames the low-
est, although the difference is only 1.10 percent.

Studies of the offect of location on composition of soybean seed
have been made previcusly by other workers, Garner, Allard, end
Foubert (12) grew soybeans in pots of soil brought in from different
locations and concluded from their studies that the relative effects of
different soil types are not specific and constant, but depend largely
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on sensonal conditions. A similar investigation was undertaken by
Viljoen (28), who arxived 8t the same conclusion.

TaBLE 7.— The average oil conient {dry basis) of the five leading commercial varieties
for the five-year period at each of the five locations caleulated from the date given
in table

S-yoar averages for varieties shown

Mukden | 2988eld4 - piig; | Monen Mean

Percent | Percent | Pergend | Percent Pereent
Ames, Iowa 18.%1 26. 60 19. 77 X i1

Columbia, Mo . 3 20. 40
Urhans, Iii X . 20.70
LaFayette, Ind . . L i9.73
Columbus, Ohia 5 ., 19.37

1. 88

From these studies it may be concluded that climate is the more
important in its effects of the two factors, soil and climate, that go
to make up the location effect. In table 6 are tabulated the variances
due to varicties and to locations for the individual years as well as
for the 5-year period. In 1936 the mean squarc for locations exceeded
that for varieties, though not by a statistically significant difference.
It is of interess, however, to recall the severity of the drought and
heat in the western part of the north central region during that year.
The varieties X locations mean square is large, possibly indicating
more interaction among the varieties in their response to location
effects.

It is recognized in the present study that the climatic effects at the
five locations are similar in most years, 1936 being an exceplion.
When larger geographical areas are included in a test involving a
wide range In varieties, more variance is apt to be found due to
Iocation than to variety. Morse 7 in 1917 grew such a test over the
southeastern part of the United States extending from Maryland to
Texas. Table 8 gives the variances found for oil and protein content ®
of the seed of 10 strains of soybeans grown at 12 locations.

TapLE S.—Analysis of variance of data on oil and protein content of seed of 10
strains of soybeans grown at 12 localions

OIL CONTEMNT

Deprees of

Source of variation Treedom

“Varietier .
Locsiions i1
Varicties % locations [v::]

FROTEIN CONTENT

Varietles . 8
Locations 11
Varietles % locations _ %

* 1 Private commanication from W, J, Morse giving analyses of selections grown io 1917,
_ i Porcantages of ofl and protein obtalned through the conrtesy of the Division of Olls, Fats, and Waxes,
Burean of Agricultural Qhemistry and Engineering.
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From thesc F values for the one season it appears that possibly oil
content is less affected by extreme changes in location and climate
than is protein content.

In the present study the mean oil content of all the varieties at all
locstions has not varied much from year to year, averaging 20.03
percent in 1939, the high year, and 19.01 percent in 1940, the low
year, a difference of only 1.02 percent.

Among the interactions there was a significant varieties X years
end loecations X years interaction, indicating & differential effect of
climate on oil content of the varietics. Of more importance to the
plant breeder is the low varieties X locations interaction, indicating
that the varieties remained in the same relative order with respect
to oil content at the locations included inr this study. TIn general, it
might be concluded that within the ares covered by this study any
selections made for high oil content at one breeding nursery should
prove to be reasonably high in comparison with other varieties when
planted elsewhere in the area.

JopinE NUMBER

The degree of unsaturation of seybean oil, as measured by the icdine
number, 15 of especial importance from the standpoint of its use in
paints and varnishes. The greatest spread in iodine nmumber of the
oil has been from 103. 9 for & sample of the Dunfield grown in Colum-
bia, Me., in 1936 to 155 for o sample of the wild soybesn grown in
northern Manchuria. The percentages of linoleiec and linolenic acid
in the oil increase with increasing lodine number.. As these are the
film-forming constituents of the oil, it can readily be seen that for use
in paints and varnishes an oil with high iodine number is desirable.
Properly to evaluate the iodine number of oil derived from introduec-
tions and selections some information on the effect of environmental
factors as they affect unsaturation of the oil is helpful. From the
standpoint of the utilization for food purposes, an oil of low jvdine
number is preferred, though this factor is of perhaps minor impor-
tance. An oil of high jodine number is of importance, however, in
the drying oil industry. :

Little information 1s aveailable on the effect of the various factors
of environment in modifying soybean oil. Washburn {28) in 1918
published the resulis of a comprehensive survey of the composition
of soybean otl, including in his studies the percentege of oil obtained
from soybean varietics and selections grown over & wide range of
conditions, together with the characteristics of the oil. Selected data
from this bulletin will be presented later (p. 30) under the discussion
of climatic cffects on degree of unsaturation of soybean oil.

To obtain information on the quality of the oil of the principal
commercial varieties grown in the North Central Region, the iodine
number of the oil from the seed of the 10 varieties was determined as
well as the oll content. The varieties in the test varied among them-
selves significantly in iodine number, as shown in table 9, which gives
the mean values for each of the varieties at the 5 locations for each of
the years and for the 5-year period. The individual analyses also
sppear in the table. The strains Dunfield, Mukden, and T-117 appear
to be consistently low in lodine number during all the seasons. It
will be recalled that among these streing, Duntfield and T-117 were
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highly significantly high in oil content for the 5-year period, whereas
Mukden was slightly'%elow the mean of the test for the same period.
Among the varieties suitable for processing, Seioto, which has a good
oil content though somewhat under Dunfield for the 5 seasons, has
given the highest iodine number, averaging 133 for the period, and
being significantly high each season. It has been exceeded in iodine
number of the oil only by Peking, which is not now considered suitable
for processing on account of its black seed coat and its relatively low
oil content. Peking is of value, however, for use in breeding work to
ymprove the iodine number. For this purpose it appears to be supe-
rior to the wild soybean, because of its {ype of growth, better yield,
and higher oil content.

TaBLE 9.~ Todine number of oil of 10 varieties and strains of soybeans grown al §
locations during & years; average odine number of oil by variely, localion, and
year; and analysis of variance of the dala .

EXPERIMENTAL DATA

Iodine number of oil from seed of the varicties indicated

Year and location Due- | Dun-

Men- | Muk- .o Man- : 1 I
darin | den ﬂiid, !'u‘!];d, Liini chy | Stiote| T-117 king

1938

Ames, Towa__ ... ____ 3 3 1318
Columbig, Mo__..____| 3 . 17.9
Urbaga, ... ... 120, . 3 3 I35
Le Fayette, Ind 3 . L5 1388
Columbuis, Ohio, i, 3L 1293

S197.7 | 180T

Ames, Towa 2 3 X X 136. 9
Columbig, Mo, N 3 . . i30.8
Urbsma, ... - X . . A X X 132.5
Ls Feyette, Ind______ X . . i3.2
Coluembus, Ohio 3 3 L . 137.0

51T T,
1928

Ames, Towna. .. ...
Coiumbia, bMo.__
Urbana, I} ...

La Fayette, Ind
Columbus, Ohio.

Armes, Towa
Columbia, Ma.
Urhana, M. _..
Le Favette, Ind__
Columbus, Ghio.

Armes, lowa
Columbig, Ma.
Orbana, IN._..
La Fayetie, Ind._
Columbus, Ohio.

1 Missing data supplied.
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TanpLe 3—Jedine number of oil of 10 rarictics and strains of soybeans grown af &
locations during § years; average fodine number of ofl by wariely, location, and
year; and aralysiy of variance of the dala—Continued

EXTERIMENTAL DATA—Continned

Iodine number of oif from seed of the varioties indicated

Iqn- | Dun- i
Muk- . Man-{ o - -
den mid. ﬁr%d, INind chit t Befote ] T-17

Year and location

B-year mean -

Ames, Iows,_ ., 3 126.0 | 125,91 131.3 | 135.8 | 1357 139. 4

Columbia, Mo, X HB.¢ | 1187 [ 197.0 | 124.2 . LT 11347

Urbana, 141 _ . _ 7. 1254 1258 1 1255 ) 130.7 ; 180.9 ! wn.2 . 13T
1}

Le Feyette, Ind. {1259 | 126,8 | 12400 1 307 | 1302 | 1381 ; 1385 !
Columbus, Ghic.... | 120.8 { 125.8 | 126.3 ' 126.7 | 131.5 1312 | 13%.1 1389

I 127.6 ; 124.6 1 1249 | 12,4 l 130.5  180.2 l 133.0 } W
t ' 1

VARIETY AND LOCATION MEANEN?

. !
Variety and location HI 11 3] 1 1937 - 038

Variety: i :
Mendario. . . LT X 128.0 0* . N
Mukden . . . 25, 1°%: . 360 a7.6% 0 1H.6%
Dunfield, A. X BT a0 1 [958
Dunfield, B. 208 3 . a2 goe- 5.9 124,4°°
DNiini.. L7 3 i ot 2P S vo1a0. 5
Manch: T 3. 3.5 e B S LT 1 EiL 2
Beioto. 7 . 1 . . . 7 HL.oe
P17 2.0 ! : . 9°%, .60 17390
Peking. . 38, . . BT, I . MR
P. I. 54563-3. . 3 5 3 . S b N
Location: :
Ames, Towa. 130.8" 30, 3 3 LT . 1M, Bv
Columbis, M. 147, 2°%
Urhana, Ii. 127, 5
La Fayette, . 127.8 0. 7
Columbus, Ohio 1261 133 e

Average of sl samples 126.5 126.8

ANALYSIS OF VARIANCE?

Mean square for indicated yoar
Sourree of variation

T

97 1038 1939

I87.71%%  89.80"7 M2 150 G TG
b T B okl L ) I -

Locations X }'cnré:..
Varleties ¥ lucation .
Varictins X locatfons W years_ | 12

BN

? Vorlety means represent 5 loeations: locniion meras ropresent 10 vuricties.,

3 °=sipnifienntly lower Lhon generat moan {5-rereent jeveld,

**=highly signifieantly Iower than genemal mena (T-pereent lewveld,

*In cnse of means=significantly hipher than general mean (5-pereent Yovel).  In case of tnenn siusares,
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A tabulation of analyses of soybean varictics, grown over the eastern
part of the United States and analyzed by Washburn (29) several
years ago, indicates & very interesting relationship between the area
where the soybeans were grown and the lodine number of the oil. A
Iimited number of these analyses, together with the mean monthly
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temperatures obtrined from the Atlas of American Agriculture (15)
for selected locations in the States, are given in table 10.  From these
analyses it is evident that a rclationship exists between temperature
during the growing season and iodine number of the oil. Washburn
found Ito San fo be very high in iodine number when grown in Maine
but lower when grown in arcas south of there. The variety Ito San
uses the entire growing season in Maine, but in general matures
earlier farther south. is soybcans are very critical in their reaction
to length of day, in Maine the translocation of food materials to the
seed and the metabolism of the oil occurred in & much cooler environ-
ment han at the other places from which Washburn collected seed.
This was especially true in comparison with Kentucky conditions,
where Ito San matures quite early in the fall.  The same comparison
can he made for the varicty Guelph which, on account of it being &
later type than Ito San although heing too late for growing in Maine,
would utilize the full growing season in Rhode Esland, thus metaboliz-
ing oil in cooler fall weather. In Kentucky this variety, although
maturing later than Ito San, would still develop its seed under warmer
conditions. This relatianship apparently holds also for Oklahoma,
for, under the warmer drier conditions there, Webster and Kiltz (30)
report muel lower iodine numbers than have been obtained in the
present study in the north central region.  Based on a 5-year average
at Stillwater, they give an iodine number of 120.9 for Manchu and
119.0 for 1lini, whereas in the present study the 5-vear avernge for
the five northern loeations gives Manchu a value of 130.2 and [llini
130.5. Thus the oil fermed under the warmer conditions has less
unsaturation than that formed in o cooler environmoent.  Aecording
1o Flopper and Johnson (7). this relationship also holds for {fax.

Tanre 10, fodine nwmber of soybean oil talmdated from dute of Washburn,) with
monthly weather dota from Atles of Americon Agricufiure?

Manthly tempern- ¢ Indine number of il from seed of Lthe varigties
. lure | Telientaed
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Ee%‘:ﬁm-; Ite San | Guelph | Wihson | MRpein-
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¢ F e F.

Maine . ' . . R
Rhewle 1slnmed o . 138. 1 \ -
Now lersey . L. . i T 0. . 134.8 . 137.5
Pennsylvanin . . . 5 E 133.2 |..

Renlucky 1

Oklahema

120.3 631 1208

I Washharn, W, For29:,
Al of American Arriealtooe Climate) (450,

If temperature during the period of soybean development does
influence the type of fatty acids that are metabolized, then these
offocts should be observed on varieties maturing at different times in
the fall. The period from bhlooming to maturity for three va-
rieties---Mandarin, an enrly type; Ilini, a medium ecarly type; and
Peking, a late type -have been included on the weather eharts for
the 5 years (figs. 3 to 7, inclusive). These varictios are listed as
taking 100 days, 105 days, and 125 days, respectively, to reach matu-
rity (20), so they should he expected to mature at different intervals
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in the fall. In table ¢ the iodine numbers are given for the individual
samples &t cach location for each year.

By referring to the weather graph for 1936 (fig. 3) it will be seen
that the variety Mandarin matured the first week in September, thus
making the period for filling of the beans and concurrent metabolism
come at the period of intensely hot weather during the latter part of
August following a severe drought that had extended for several
months. This fits in well with the low iodine number for Mandarin
&t Ames during that particular season, The same relationships hold
for Columbia and to some degree for Urbana and La Fayette. How-
ever, from the graph for weather at Columbus for this year it will be
noted that a number of showers occurred the latter pact of July and
again around the latfer part of August, materially delaying the
ripening of Mandarin and bringing the filling period for this variety
into a stretch of cool weather that started about the last of August.
Following this hypothesis, we would therefore conclude that the
iodine number of Mandarin at Columbus should be materially higher
than for any of the other stations, This was found to be the ease, as
Mandarin at Columbus had an iedine number of 12¢.8, which was
the highest attained at any location for that variety during that season.

By referring to figure 3, it will be noted that the variety Illini was
not toe far advanced at Ames during 1936 to take advantage of the
heavy rain and succeeding showers that occurred during the first week
of September, thereby considerably lengthening the vegetative period
and bringing the period of sced development into the cooler weather
of September. The expectation would be, therefore, that Illini would
have a high iodine number at Ames, and by referring to table 9
it will be noted that Illini did have a high iodine number at Ames,
in fact the highest of any location for that variety that season.
By the same reason, the fodine number of Illini should be high at
Urbana, La Fayette, and Columbus, but not at Columbia, for the
flling period at Columbia probably came during the high temperatures
experienced there during the first week of September.

The effect of the carly September rains at Ames was felt even more
by the varicty Peking, as it lengthened the growing season to the latter
part of OQctober, making the period of oil metabolism in the seed come
during the much cooler weather of that month, As a consequence,
Peking at Ames during 1936 had the highest iodine number for that
variety during the five seasons. This forms an interesting comparison
with the early maturing variety Mandarin, showing the apparent effect
ol temperature on metabolism of oil, for at the same location dur-
ing the year 1936 occurred almost the lowest iodine number obtained
for any varicty, namely Mandarin, with an iodine number of 117.7
and the highest iodine number obtained for any varicty, namely
Peking, with an iodine number of 143.2, duc at least in part to the
extreme differences in temperature that oceurred during the periods
in_which these two wvarieties were metabalizing oil in the seed.

In this connection it will also be ohserved that at Columbia during
1936, as has been previously mentioned, there occurred the lowest jodine
numbers that the authors have observed to have cver been vecorded
for soybenn oil, when the Dunfield strains had jodine numbers of 108.2
and 103.9, respectively, probably due to the comhbination of the severe
drought and unprecedentedly high temperatures that occurred in that
vear during July and August.
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By referring to table 9 it can be secn that during the year 1936
the mean square for locations exceeded the mean square for varieties.
The varieties X locations interaction was also highest in that year.
This can possibly be explained by the differential severity of the
drought at the five locations.

By referring to the weather data for 1937 in figure 4 it will be seen
that the variety Manderin, although maturing at a slightly dif-
ferent period ab the five locations, nevertheless developed under very
similar weather conditions. Temperatures at Columbia were slightly
higher than at the other stations, and it will be seen that the iodine
number of Mandarin oil at that station was slightly lower than at the
ot-herd four locations. However, in general, no great differences wore
noted.

The same is true for the variety Illini with the exception that the
oil from that variety tends to be & little lower in iodine number at
Columbia. This difference is also noted for the variety Peking, which
evidently was metabolizing oil during the warm spell the latter part
of September and has an iodine number about four points below that
at the other stations. From a study of lodine numbers obtained dur-
ing 1937, it can be concluded thal in general the climate at the five
stations was quite similar.

Puring 1938 (fig. 5) the same weather relationships prevailed ab
the five stations during the period of seed development, and, therelare,
it might be expected that the iodine numbers would be similar. How-
ever, Mandarin had an iodine number at Columbia some five points
below that at the other locations, which is somewhat difficult to explain
except that the mean daily temperatures did run slightly higher at
Columbia than at the other locotions during the middie third of the
period between blooming and ripening.

For oil from the variety Illini, the drop in iodine number at Columbia
was nob so great as for that from Mandarin, The filling period for
Peking oceurred in a similar range of temperatures at all of the Joca-
tions. The extreme dip in the mean daily temperatures during the
third week in September at Ames also occurred at sll of the other places
giving a very similar environment to the five places. This observation
agrees with the low varieties X locations interaction found for iodine
number during 1938, in fect, the lowest interaction for any of the five
SCASONS.

During the 1939 season (fig. 6), the iodine numbers for Mandarin
oil at all the Jocations were quite similar, though the fodine number at
Columbia was higher than might normally be expected for that loea-
tion, probably because of a good distribution of rain, which lengthenced
the vegetriive season for that variety and allowed filling to take place
during & rather cool period in August.

No great differences were observed for oil from the variety Tllim,
although one might have expected o low lodine number as the result
of high temperatures prior to ripening. However, this unusually warm
spell, with a mean Sepiember temperature running something over
5° gbove the normal, earried rather consistently through all five
locations and afTecled the varieties equally.

Practically no differences were observed for Peking oil, and an in-
crease in iodine number that might have been expected at Ames did
not oecur.

416227° 42— §
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More variability in climate was experienced among the five locations
during 1940 (fig. 7) than during the two previous sessonms. The
maturity of Mandarin was delayed at Columbis beyond its normal
period of ripening, which undoubtedly caused oil to be laid down
during the cooler period of weather encountered during the latter
half of August. This delay in the ripening of Mandarin was approxi-
mately the same as that experienced for the variety in 1939, which
then also produced oil with an iodine number considerably above that
which would normally be expected for Mandarin at that location.
The low iodine number of Mandarin oil at Urbana and La Fayette
was probably due to the warm, spell occurring during the second
and third wecks of August. This warm period was more intense at
these two locations than at the other three places. Tor the variety
lini, maturity was considerably delayed at La Fayette and Columbus,
this delay allowing oil formation during the cooler period the first
2 weeks of September. This variety, as well as the other varieties
of about the same maturity range, had oil with a higher iodine number
at La Fayette and Columbus than elsewhere.  For the variety Peking,
ripening was hastened at Columbia and Urbana, and the period of
filling of the beans thus ocenrred during warmer wenther, whereas ab
Amcs, La Fayette, and Columbus, filling undoubtedly tock place
during & period of cooler mean temperature.

Although there were several exceptions to this hypothesis during
the S-years’ experience with these 10 strains at the 5 locations, it
seems that there is & definite relationship between temperature during
the time of metabolism of oil in the seed and the temperature of the
air,  If oil metabolism is considered as a physiclogical reaction gov-
erned by enzymes known to have optimum temperatures for develop-
ment, it can be postulated that the enzyme responsible for production
of the more unsafurated acids works better at a lower temperature.

Analysis of variance of the data on the iodine number of o1l for the
5-year period shows that the varieties varied highly signifieantly with
reference to the varicties X locations X yoars interaction. This was
also true for locations and for years. As would be expected from in-
apection of the weather graphs for the 5 years, there was a highly sig-
nifieant locations X years interaction, possibly due in considerable part
to the difference in weather conditions over the territory during the
1936 scason.  Of most importance lo the plant breeder s the consist-
ence with which a strain performs as compared with other varieties
and strains included in nurseries located in different seetions of the
area for which the strains are being developed. The varieties X
locations interaction with n mean square of 5,70 is low with respeet
to the three-way interaction of 4.16 lor the 5-year analysis.  Although,
as was previously indicaled, no true errov ferm is availablo, as anty
single field samples {always obiained lrom compositing field roplica-
tions, however) were analyzed chemically, it is felt that the agrono-
mist is rensonsbly safe in conclding that varielies and strains tend
to maintain their relative order with respeet to jodine number of the
oil when grown in different loestions within the nrea covered by theso
studices.

Torar Asu Content

The total ash of soybean seed and especinlly the amounts of the
elements that comprise its constiluents are of imporiance te the
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feeder, and at present about 95 percent of the soybean seed erushed
goes into feed channels. For such use o high ash content is desirable.
If the mesl is t¢ go into industrial channels after extraction of the oil,
the mineral content is of less importance, Therefore, for industrial
processing a low-ash variety with high oil and protein content would
be preferred and would remove less minerals from the soil per unit
of raw material produced.

A few analyses have been reported on the ash content of soybean
seed, and among these have been the data by Viljoen (28) who con-
cludes that ash, phospborus, and fiber values remain very constant,
whereas the oil and protein content of the different varieties shows
relatively great variability. Smirnova and Lavrova (84}, reporting
on work done in the Union of Soviet Socialist Republics, where several
varieties of soybeans were grown at different stations, coneluded that,
as regards the amount of ash accumulated, the soybean varieties
within the himits of a station differ but little {from one another. They
state that greater variation is observed in dependence on conditions
of growth; thus the amount of ash accumulated differed at the different
stations.

Total ash wns determined on the varieties and sirains at the §
locations during the 5 scasons 1936—40. The individual analyses and
the means of the analyses, together with the analysis of varianece of
the date, are given in table 11,

Tasue 11. - Tolal ash content of sced tdry basis) of 10 varieties and strains of soy-
beans grown at & localions during 5 years; wvernge percenlage of lotal ash by
variely, location, and year; and analysis of variance of the dale
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TanLe 11. —Tolal ash content of seed (dry basis) of 10 varieties and sirains of soy-
beans grown at § locations during & years; quverage percentage of total ash by
variety, location, and year; and analysis of variance of the data—Centinued

EXPERIMENTAL DATA—CGontinued
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The seed of varieties tested varied significantly among themselves
in ash content. Seed of the variety Mandarin accumulated a high
ash content in each season, the percentages being highly significantly
above the mean of the varieties during the last four seasons and for the
5-year period. Dunfield seed was significantly lower than the mean
during all five seasons. As might be expected, in view of the con-
sistently high mean ash content of Mandarin and low mean ash
content of Dunfield seed, the greatest ranges for the entire test oceurred
in these varicties, the highest analysis being 5.90 percent for Mandarin
at Urbana during 1937 and the lowest ash value being 3.67 percent
for seed of Dunfield, A, at Columbus for the same season. The next
lowest analysis (3.91) was for Dunficld, A, at the same location 2
years later.

Consistent differences were observed among the locations, the ash
content of seed grown at Ames and La Fayette being low and that
of seed grown at Columbia and Urbana being high. In considering
the variance of the data (table 11) it will be observed that the mesn
squarcs are always of greater magnitude for location than those for
varicty. This is in contrast with the varianee found for protein and
oil percentages and iedine number, where the relative effeet of variety
and loeation varied in the individual scasons, depending probably
upon how similar the scasonal conditions were at the five locations
during each season. Appawently the factors of cnvironment that
influenced protein and oil metabolism do not influence total ash
accumulations in the seed in the same manner. .

Total ash accumulation in sovbean sced is affected by eclimate, as
the mean ash content of the 10 strains at the 5 locations (4.89 percent)
was highly significantly low in the 1936 season. The ash content
for 1939 was 4.91, which was nearly as low as the value for 1936,
though on the border line of being statistieally significant,.

The varicties X locations interaction is significant, indicating less
consistency in rank of the varieties with regard to ash content at the
five locations than was found for protein and oil.

Prosrnonrus CoNTENT

The phoesphorus content of soybean seed has been noted in the litera-
ture, but apparenily no attempt has been made to study its variation
as affected by varietal and environmental factors. It has been
generally observed that soybeans give little response tn yield to phos-
phate applications. Hartwell (13, p. 15) states:

The ability of soy beans to supply Their needs for phosphorus, where none had
been added to the soil for a quarter of a century, was found to rank between that

of earrots, which obtained their full rquiretnents, and turnips which were prac-
tically unable to grow without phosphatic applieation,

Smirnova and Lavrova (24), reporting on composition of soybean
seed, indicate that the composition of the ash does not remain the
same and that its phosphorus content varies in direct proportion to
the total amount of ash.

Among the 10 varieties and strains, the percentages of phosphorus
in the sced (table 12) ranged from the low value of 0.419 for the variety
Mukden at Columbus, Ohio, during 1937, to o high of 0.822 for
Peking at La Fayette, Ind,, during 1940, & spread of 0.403, or nearly
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double the low value. The mean of all varicties for the entire test
15 0.659 percent. It Is inferesting to note that the next lowest value
found during the entire 5-year study was at Ames, lowa, during
1939. This was for seed of the varieties Seioto and Tllini. By refer-
ring to table 12 it will be noted that seed of the variety Tllini had the
lowest mean phosphorus content for (he entire test and that the
varietics dillered significantly in the pereentage of phosphorus accumu-
lated in the seed.  Among the varicties, Peking sced stored the great-
est amount of phosphorus both for the 5-vear period and in cach of the
single years, the values being highly significantly higher than the
mean during the last 4 seasons. The variety Mandarin was second
with 0.696 for the 5-vear average, its seed having had a phosphorus
content significantly above the mean [or three of the seasons. Tt will
be recalled that the variely Mandarin stood highest among the 10
varicties and strains in pereentage of total ash and Peking stood
second (table 113, Thus there appears to be a relationship botween
the phosphorus and the ash contents af the seed.

Tanne 12, Phosphorus ronleni (dry hasimy of seed of 10 varicties and strains of
seyheans grown af 4 loradions during & years: average pereentage of tolad phos-
pharus by variety, localion, and year; and analysis of variance of the dala
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TaBLE 12.—Phosphorus conlent (dry basts) of seed of 10 varieties and strains of
soybeans grown at & locations during & years; average perceniage of toial phos-
phorus by variely, location, and yeer; and analysis of variance of the dula—

Continued

EXPERIMENTAL DATA Continued

Phosphotts content of seed of the variotios indicated

Yeer and location
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VARIETY AND LOCATION MEANS#3

Variaty and loeation
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La Fayette, fnd_
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ANALYSIS OF VARIANCE?

Bource of variation

Degrees

Moan square for indientnd yoar

of rea-

dom 1937

1038 1049

5 yesrs

Varfetios ... ...
Laeatigns.

Varleties X locations .
Varioties X lucations X yee

0. [ang*
)2 g

0. 9060 | 0. 087"

. o205

0. (263%*
LOFi5""

t WMissing dats supplied.

T Varlety means represent 5 Jocatlops; loeatlon means represoat 10 variotics.
1 Peglpnificantly lower than genernl moenn (S-percent level).
°?=hlghly signifieantly lower than general tmesa (2-poreont lovel),

*In st of means = signifteantly higher than goneral menn {5-pereent fevel),

significent {&-percent feved),

in cuse of mean squores,

**In case of tocans = highly signifleantly higher thas general monn {i-percent level). In case of mean
squares, highly significant (1-percent level),
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Limited analytical work in the laboratory (9) has suggested that
there is little variation in the phosphatide phosphorus of soybean sced
and that the greatest variation occurs in the phytin phosphorus frac-
tion.

Among the five locations, Urbana and Columbia have produced
soybeans with a high percentage of phosphorus. Soybeans grown
ab these two locations also had ash contents highly significantly above
the mean of the five locations. Soybean seed from Ames had a phos-
phorus content highly significantly below the mean of all locations,
and it wil be recalled that the total ash content of soybeans grown at
Ames was the lowest for all the locations. However, at Lo Faoyette
the seed phosphorus content was slightly above the mean for all loca-
tions, whereas the ash content was highly significantly below the mean,
s0 1t is not safe to make the general statement that a location producing
& low ash conteni in the sced necessarily produces a low phosphorus
content.

Ameng the five seasons the 1936 phosphorus content of the seed of
the varicties studied was next to the highest, whereas the percentage
of total ash during that year was the lowest. During 1938 when the
phosphorus content for all varieties was nearly at the mean, the
totel ash was the highest of the five seasons, and again during 1940
when the phosphorus content was the highest of the five seasons, the
ash content was barely above the moean. Therefore, the factors of
climate that affect phosphorus conlent are not necessarily those which
affect the Lotal ash aceumulated in the seed.

The analvsis of variance of the doia shows, In general, the same
relationships between variety and loeation mean squares as was
found for fotal ash, indicating that location may alfcet phosphorus
content and total ash content of the seed more than it affects protein
and oil confent. Whereas the varieties ¥ loeations interaction for
pereentage of protein, pereentage of oil, and iodine number of the
oil was not significant with relation to the three-way interaction,
this interaction was highly significant for phosphorus content. This
may indieate that, should it become desirable to attempt by breeding
and scleetion to increase or decrense the phosphorus content of soybean
varietics, it would be necossary to analyze selections from many loca-
tions throughout the soyhean belt of the North Central Region, as the
varieties do not maintain the same relative renking with respect to
one another as they did for protein and oil contents.

Potasstusm CoONTENT

Infermation is available on the eflect ol potassium fertilizers on yield
and on the pereentages of organic constituenis metabelized in the
seed, bui little has been published on the variations in polassinm
content of the seed as affected by varictal and enviconmental lactors.
Borst and Thateher (8, p. 93) determined the composition of the plant
parts at different stages of maturity and noted that---

Potassium in the mature seed was relatively higher bhotli in percentape and amount
per aere than in other plunt parts.. There was some indication that the percentage
of potassiuin in the sced deeronsed slightly in the final séages of ripening.

Their data for the mature soybeans in a §-yoar period showed a
considerable fluctusnlion between seasons. Wlhen reporting on the
variation in chemical composition of different soybean vurietics
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obtained under Russian conditions, Smirnova and Lavrova (24) state,
with reference to their work on ash, that the content of another ash
element, potassium, is not relatively stable either in soybeans of one
variely or in those grown ai one station. They record, for the same
variety of soybeans, a difference In potassium content of the seed of
0.60 percent, from a low of 1.56 percent to a high of 2.16, depending
upon geographical location.

The potassium content of the seed of the 10 varieties and strains
of soybeans planted at the 5 locations during the 5 seasons was
determined, and individual analyses are recorded in table 13. The
range for the entire test was from a low of 1.29 percent for seed of the
strain T-117 grown at Urbana, IIl., during 1936 to a high of 2.17 for
seed of the strain P.I. 54563-3 grown at the same location during the
same year. The mean analyses are also recorded in table 13, together
with the anelysis of variance of the data. It will be seen that seed of

.the 10 variefies differed significantly in potassium content, Peking
baving a mean content of 1.75 and Mukden 1.74 percent, which were
the highest, and the two strains of Dunfield with percentages of 1.62
and 1.58 giving the lowest potassium values. If the mean percentage
of potassium for the varieties grown at all locations during the in-
dividual years is compared with the percentage of ash and the per-
centage of phosphorus, it will be seen that the potassium content of
the varieties does not remain as constant statistically through the
seasons as does either phosphorus or total ash.

TaBLE 13— Total pofassium conlent {dry basis) of seed of 10 varieties and sirains of
soybeans grown al § locations during 5 yeors; average percenlage of tolal polassium
by variely, location, and year; and analysis of variance of the dala
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Tanre 13.—Total patassium conlent {dry basis) of seed of 10 varielies ond strains of
seybeans grown al § locations during 5§ years; average perceniage of iotal polassium
by variely, location, and year; and analysis of variance of the date—Continued

EXPERIMENTAL DATA—Coniinued
Potassium content of seed of the varietles indicated

Year and location Dhm- | Dun- Man-
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ANALYSIS OF VARIANCE?
boan sguare for indiented year—

Dorees

Bource of varistion
1838 1930 j31E14] 5 years

Varleties i o 020" 00261 0.0244%% 0.0882*"
Laocations_ . . 1325 L2070

Locatlons X years
Varleties ¥ loeations_ . .o .|
Varieties X locations X years. _

! Migsing dats supplied. . .

3 Varlely rocons represont & locations; location means represent 10 varloties.

1 *agignificantly lower than genera) mesn (G-percent leval).

99=highly signifieantly lower than general mean (I-percent lovel), .

*In case of meang=sign{ficantly bigher than geneinl mean (5-percent level). In case of inean squares,
significant (&-percent level).

**In caso of means=highly significantly higher than geocral mosn (L-percent level). In case of mean
sguares, highly sigpificant {I-pereent lovel).
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If the performance of the varieties at the different locations during
the seasons is compared, it will be found that the potassium content
of seed at Ames tends to be low and that for Urbana tends to be high
for the 5-year period. However, there is not as consistent & frend
during the mmdividual years as was observed for phosphorus or ash.
When the means of the varieties at nll locations in the individual
seasons are examined, & morc pronounced seasonal effeet than was
experienced for either of the other ash constituents will be noted.
Also, when the variance of the mean squares for varieties, locations,
and years for the 5-year period are studied, it will be seen that the
potassium mean square for years 1s much larger in proportion to the
mean square for locations than is found for either ash or phosphorus.
This gives some indication that scason possibly has more effect on
potassium than on phosphorus metabolism. In spite of this, it may
he simpler to develop soybean varicties with high or low potassium
content for the soybean belt, if this sbould prove desirable, since the
varieties X locations interaction is low compared to the three-way
interaction used as the error term, indicating that the voricties tend
to remain in the same order of potassium content with respect to one
another at the different locotions,

In interpreting these data, it must be borne in mind that these results
are perbaps limited to areas of fairly similar climates, such as occur in
the five States in which these studies have been made.

Carcium CONTENT

There is little direct information on the caleium content of the seed
of soybean varicties as affected by geographical loeation and climate.
Borst and Thatcher (8) in their study on the life history of the soybean
give the caleium content of the soybean variety used in their studics ab
Wooster for the six harvest seasons. They found the percentage of cal-
cium in the seed to vary from nlow of 0.18 (o a bigh of 0.32, indicating
that the metabolism of caleium is dependent npon seasonal conditions.

In the present study involving 10 soyhean varieties that were grown
at & locations for 5 years, it can be seen from table 14 that the caleinm
content varied from a low of 0.163 for sced of Dunfield, A, at Columbus
during 1939 and of Mukden at Awmes in 1940, to a high of 0.470 for
seed of the variety Mandarin grown at Ames in 1936, with & mean
value of 0.275 percent. The varvicties varied significantly among
themselves, as shown in table 14, and the seed were more consistent in
their calcinm content in the different years than in their content of
some of the other ash constitucents.  I{will he noliced that the ealciom
content of seed of the variety Mandarin was highly significantly
higher than the mean of all the varieties £t the five places during the
5 years, and alse in each of the individusl years, This was also troe
for seed of the varlety Seioto.  On the other hand, the caleium content
of seed of the varicty Dunficld, which: is highly sienificantly below the
5-year mesn, was consistently low during all the seasons,
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TasrLe 14.—Calcium content (dry basis) of seed of 10 varieties and sirains of s0Yy-
beana grown at § locaiions during § years; average percentuge of tolal calctum by
variety, location, and year; and anelysis of variance of the data

EXFERIMENTAL DATA

Caleium content of seed of the varictics indicated

Year and Jocation Dun-

Dun-
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Urbane, TN ... ._ . L3691 Lo
La Faystte, Ind A0z f 220
Columbus, Ohte ...} .352 | =00

L3865 1 240

1 Mlssing data snpplied,
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Tanve 4. —Calcium conlenl (dry basis) of seed of 10 varielies and sirains of soy-
beans grown al & localions during 6 yems; average percentage of folal caleium by
variely, location, and year; and analysis of varignce of the data—Continued

VARIETY AND LOCATION MEANS #1

Variety and location | 1938 1044 5 years

Variety: Percent | Pereent Pereent | Percent
Mandarin_. . . 0.378" X X 0. 368"
. 2488° .83 L2270 . - . 17g0°
Dunfield, A . - 280 . . . T
Dunfield, B.. . . . . . 194°
Nlini.. . a0 B . . L 213
Manech . . . . .272
Seioto. . . . . . 203
T=117. - . . . . 24 .225
Peking.. . . . . L2309
P. 1. 54563-3 . . - . . .24
Localion:
Adnes, Iows,
Columbia, Mo__.
Urbapsa, 1. .. .
La Fayette, Ind. . . e
Calumbus, Obla. ... ..

Avwverage of all samples

ANALYSIS OF VARIANCE?

Mean square for indicated year

Degrees
Seurce of variation of

freedom | o35 | ey 1038 | 1939

1040 ! 5 years
4

: . Y
Variaties_. 0.0161° (0.014%* | 0.Q166"" [0.014]" ‘ Q.07 ¢ 0.0743"*
Locatlons, o195 ;- 00e 0104** 0117 i1k} ; .
Years__ .. A
Yarieles X years .. . - .
Locations X yenrs ..., .- .
Varieties X locations . ... ..... 0005 Nl . 0003

Varicties X locations X years_ . M2 e et amea e [

t Variety means represant 5 1oeations; locatiop means represent i0 varietiss,

1 %=gsjmiflcanily lower than general mean {5-percent level).

*8— highly significanily lower than geneml mean {J-percent leveld.

*In cnse of means = signiflantly higher than general mesn (5-percent levell). In ease of mean
squsres, significant (Spercent level).

**In mse of means = highly signifeanily higher than general mean (I-percent lavel). In case of mean
squares, hirhly siyntibeapt {1-percent level).

Among the locations there was a tendency for soybesn seed grown
at Columbia to be highly significantly high in calcium content during
three of the seasons and for the 5-year period.  Among the seasons also
there were significant diflerences, the 1936 season producing, for an
average of all varieties at all locations, seed with a high ealcium con-
tent, whereas during the 1940 season the celeium content was signifi-
cantly low. By refercnec to figures 3 to 7, it will be seen that there is a
decided tendency for percentage of calcium to be high in soybean seed
during the warmer scasons., This can be brought out by a study of
table 15, which gives the mean August temperatures at the 5 locations
for the 2 seasons, 1936 and 1940. For example, the mean August tem-
perature for Columbia during 1936 was 85.1° F., whereas for 1940
the mean temperature was 76.6°. Table 14 shows that the mean
calcium content of seed of all 10 varieties at this location was 0.384
for 1936 and 0.254 for 1940. For Ames, lowa, where the 1936 tem-
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peratures were also severcly high, with a mean temperature of 78.2% -
as compared to a 1940 mean temperature of 69.8°, the mean calcium
content of seed of all varicties was 0.327 and 0.224 percent, respec-
tively, showing & trend in the same direction as at Missouri during
the two seasops. As contrasted with these differences between 1936
and 1940, the mean August temperatures at Columbus, Ohio,did not
differ so greatly, the mean temperature being 77.8° for 1936 and 75.1°
for 1940. The corresponding mean percentages of calcium in the
soybeans were 0,271 and 0,244, respectively, showing that accompany-
ing the lesser differences in temperature between 1936 and 1940 was
8 lesser differcnce in percentage of calcium in the seed. From these
date it can be inferred that temperature plays an important part in
determining the amount of calcium stored in soybean seed.

TanLE 15.—Mean August temperaiures al the five Incalions for 1936 and 1940

Location was | 1840 Lacation 1936 1940
°F. °F, °F, *F
Columbus, Ohfe . ______ .8 5.1 |0 Ames, Tewa._ . _________ 78.2 89.8
La Fayette, Ind .. _.oocomeeaes 80,2 76.4 || Columbin, Mo __ ... 851 0.6
Trbnne, M. e 70.0 4.8

This cflect of season is further shown by the analysis of variance
for the caleium date. Although the variances due to wvarieties,
locations, and years are all significant with respect to the three-way
interaction, yet the mean square for years is greater than the mean
square for locations. This has not been true for any of the other
ash constituenis and indicates that season has had a more profound
influence on celeium metabolism than has soil under the conditions
of this study.

ToraLl Sucar CONTENT

The sugars in soybeans have received very little attention in agro-
nomic studies. The total sugars determined and reported here are
caleulated as sucrose (table 18). The values for the 10 varieties and
strains grown at the 5 locations during 5 years ranged from 2.70 to
11.97 and averaged 7.97 percent. The greater number of the values
vary less than 1 percent from the mean. The lowest station averages
were for the 1936 season when the crop was injured by excessive heat
and lack of precipitation.

Garner, Allard, and Foubert (1%, p. 247) noted:

As a consequence of the physiological relationship of oil to carbohydrates, it
appears that maximum oil production in the plant requires conditions of nutrition
favorable to the accumulation of earbohydrate during the vepetative period and
1o the transformation of carbohydrate into oil during the reproductive period.
From inspection of tables 16, 6, and 5, it is seen that the percentages
of sugar increase and decrease with the percentages of oil and that when
total sugar and oil contents change in onc direction, the protein
content changes in the other,
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TasLe 16.—Tofal sugar content (dry basis, calv..xled as sucrose} of seeds of 10
parieties and slraing of soybeans grown at § lecations during 5 years; average
percentage of total sugar by variely, location, and year; and analysis of variance of
the dala

EXPERIMENTAL DATA

Total sngar content of seed of the varieties indicated
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! Missing date supplied.
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TaBLE 16.—Toial sugar conten! (dry basis, ealeulated as suerose) of seeds of 10
variefies and strains of soybeans grown at 5 lecations during 5 yeers; average
percentage of total sugar by variety, location, and year; and enalysis of variance of
the data—Continued

VARIETY AND LOCATION MEANS1?

Variety and loeation 1936 1037 1938 1038 1940 5 yenrs
Variety: FPercent | FPercent | Percent | Percent | FPercent | Fercent
Mondarlt 647 6. §2° 6. 93°° [ 6. 56°° G, ¥5%°
Mukden.._ 627 6. 83° 6. 86° &, B4 7.39%° 6. B3°®
Dunfieid, Ao 627 8 58 8. 46 E. 40%* .51 BM
Dunfield, B e 7.22 8.83 B.35 8,41 g.oL"* 8. 40*
Tini 7.34 8.38 g, 44~ §. 06" .01 883+
Manshu. 6.62 7.5 8. 30 810 834 7.78
Seiotg 7.37 872 8. 61 8. 34 B.05° 8.2
T-117. 7.90 9.14 .83 . 8. 7= 8. 61"
FPeking 6. 45 7.6l 8 14 7. 51°% 7. 7700 7. 50%
P. 1. 54583-3. . 7.88* 9. 48% 852 8.37 8. 54 8. 58"
Location
Ames, JOWA oo e 7.61 9.13" 8. 26 7.89 T, gace B.18
GCaolumbin, Mo 5. 54°° 7. 24° 6. 75° 7. 84°0 7. 5a70 6. B5°F
Urhana, Ill_.. 7.14 7.04 0. 34 8,14 9,30 B. 37
Ln Fayette, I 7.17 7. 95 826 8.10 E. 63* 02
Columbus, Ohio 7.560 877 8. 62 B, 2 B. 57 8. 35"
Average of all samples. . oooeooooe | G.ese B.20 8.25" 8.03 B.40%* .97
ANALYSIB OF VARIANCGE?
Degrees Mean square for indicated year
Bource of variation al - -
freedom | pgag 1937 1938 193¢ 140 | & years
Vericties ] 216" 4,27 3. 20%* 2. f2*" 5 13*¢ 13.50°"
Lecations____ . ________ 4 €. gg~ 6. 55** 8.93 L0 4. 45%" 17. 31
i 1 - 4|, 15, 99°"
Varieties X years... 36 J— N
Locations X yoars. . 16 I . 2.0
Vearietics X location 36 &7 il .38 (BB
Varleties X Jocations X vears. . L5 RN SRR [RION A2

1 Variety meens represent 5 locot{ons: location means represent 10 varieties.

3 o= gimnifieantly lower than pengral mean (S-peroent level),

“*=highly signifleantly lower than general mean (L-percent lavel). -

*In case of means=significantly higher than general mean (5-percenl level), In ¢ase of mwoan squares,
slgnificant (5-percent level).

*¢In ease of means=highly significantly higher than general mesn (1-percent level), In case of mean
squares, highly significant (-jrercent level),

The ansalysis of variance (table 16) shows that the average total
sugar content is highly significantly high for seed of THini, T-117, and
P. 1. 54563-3 and highly significantly low for those of Mandarin and
Mulkden, with reference to the mean of all samples of 7.97 percent.
During the 5 years the values for the soybeans grown at Urbana and
Columbus were highly significantly above and those for Columbia
highly significantly below the mean. The soybeans from the 1936
crop injured by drought averaged highly significantly below and those
from the 1940 erop highly significantly sbove the mean. The mean
squares indicate that under the conditions of the study, location and
year influence total sugar content more than differences in vaviety,

Crupe Fieer CoNTENT

Recent work in the field of nutrition has indicated that the deter-
mination of crude fiber is of questionnble value. Detorminations of
cellulose, lignin, and bemicelluloses are considered as of more specific
velue. Viljoen (28) found that the fiber secemed to remain very con-
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stant irrespective of variety and the conditions under which the soy--
beans are grown.

The erude fiber was determyined on the seed of the 10 varieties grown
at the 5 locations during 1936 to 1939, inclusive, and was found to
vary from 4.34 to 7.60, snd averaged 5.52 percent of the dry substance
(table 17). The analysis of two samples of soybean-seed hulls showed
o crude fber content of 31.37 and 28.10 percent on the dry basis,
respectively. From this it would appear that the crude fiber content
may vary with sced size and thickness of bulls. These two factors do
not appear to vary regularly for any one variety, as the crude fiber
does not appear to vary regularly with the weight per 100 seeds. [tis
observed that the seed of the Peking variety, which has the smallest
seed size of the varicties studied, has the highest ¢crude fiber content
and is the only variety in the list that has consistent significant vari-
ance from the mean. The mean squares indicated that greater variabil-
ity in crude fiber is attributed to varietal differences than to location
and season.

TasLe 17— Cride fiber content (dry basis) of seed of 10 varielies and sirains of
soybeans grown al 7 localions during 4 years; average percentage of crude fiber
by variety, location. and year; and analysis of variance of the data

EXPERIMENTAL DATA

Crucle iber content of seed of the vaticties indicated

i t
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Fropn e e e
— =3
DSERR

| Bgnpn e

2
8

Ames, Towa_.__
Columbia, Mo
Urbana, 1.,

La Fayette, | & 1
Columbus, Ghio. X 0.

5321 4.8
5837 5341 545}
: i :

S an R B g
g l—Y:-]
g&m}l-d-o

e f 5
82

| Misslpg date supplied.



http:5.3iJ5~33T5.34r5.45r5.26I"'5.42

50 TECHNICAL BULLETIN 787, U."S. DEPT. OF AGRICULTURE

Tasie 17.—Crude fiber conlent (dry basis) of seed of 10 varieties and strains of
soybeans grown at & locaiions during 4 years; average perceniage of crude fiber
by variety, localion, and year; and analysis of varianee of the data—Continued

VARIETY AND LOCATION MEANS 22

Variety and locatlon 1536 1637 1638 4 years

Variety: Fercent | Perceni

5. 74 5 35
Mukden 552
Dusfeld, A.. 5 52
Dunield, B__ 567
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ANALYSIS OF VARIANCE?

Degrees Mean square for indicated year
of

Sooree of variation
freedowm | 1490 1937 1938 1939

Varietles o.74* L6l 5.20v!|  oogee
_g0re . 169

Varleties X years, _
Locations X vesrs . O . I
Varietics ¥ locations. ... . ... _ . . . . 0f
Varieties ¥ Iocotions X yerrs R . R S

1 Varfoby means represent 5 locations; location mesos represent 10 varieties.

3 ®msipnificantly lower then general mean (5-percont levell.

ea=hiphly signiftcantly lower than genernl mean (1-pereent Ievel).

*In case of means = sigoificantly higher thap gencral mesn {5-peroent level). In case of mean squAres,
signiflcant {5-percent lovel),

**1n caso of means = highly sigoifieantly bigher than geceral mean ()-percent lovel). In case of mean
squares, highly significant (I-peresnt level).

TUnNSAPONIFIABLE MATTER IN CRUDE SovnEan OIL

The unsaponifinble matier in the crude soybean oil consists of a
mixture of sterols, waxes, hydrocarbons, ete. The oil for this determi-
nation was obtained from the ground seed by threc percolation extrac-
tions with petroleum ether (as specified by the American Oil Chemists’
Association). The first solvent flooding was allowed to stand overnight
before draining. The values were determined on the 10 varieties of
soybeans grown at 5 stations during 4 years (table 18). They ranged
from 0.50 to 1.25 pergent and averaged 0.71. They do not represent
the total unsaponifiable matter extractable from the soybea.n seed,
but };}n&ly that obtained in o lipid extract by & compsarable empirical
metnod.
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TABLE 18— Unsaponifiable malirr in crude soybean oil of 10 varieties and sirains
of soybeans grown al § localions during 4 yeors

Unsapopifinble maticr in erade off of seed of the varicties indicated

Yearang loeation Tue- | Dun-

- - «_o 1 hap- . -
Map- | Mak Seiq, | fald, | miiai Yo | seiato | T-117| B

Trbane, M,
La Feyette, Ind
Columbus, Ohio_

Ames, Jows__________
Columbia, Mo_
Urbang, I

La Fayette, Ind._._...
Columbus, Ohle______

2| 22224

Mean.. ..

1958 .

Ames, Jown._._______
Columbia, Mo__ .
Urbans, I . __
La Fayetle, Tnd.
Columbus, Ohio

Mean .. ...

1959

Ames, Iown _ . - . . . . . . .
Columbiz, Mo_. . . . . . . W61
Urbana, Iii . . . . . . N
Lz Fayetle, Ind_ . ...} . . . . . - .62
Columbus, Ohio..._| .67 . . . . . LBo L

Mean . ..._...___| . . . . . . 60

4-FUATMBAR ... - . . - . . .70

As seed-cont waxes contribute materially {o the unsaponifiable mat-
ter in the lipid extract, it is reasoned that, for smaller seeds with
narrower ratios between seed coat and cotyledon and for varieties
having thicker seed coats, larger velues of unsaponifiable matter should
be found in lpids extracted under comparable conditions. Crude
liplids obtained by exhaustive extraction should yield higher relative
values,

The velues for the Peking variety, which has the smallest sced of
the varicties studied, averaged the highest. In this connection the
followir wsbulation, giving some information on the percentage of
hulls or seed coats found on the 10 varicties of soybeans, may be of
interest. 'The highest stetion<year average percentage of unsaponifi-
able matter was for Columbia, Mo., In 1936, which also had the lowest
station-year average seed size (table 4).
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Percentage of hulls or seed coats ebinined from the sced of 10 varieties and strains af
soybeans grown at 1 locetion during 1 season

Hutl il
Yariety: pereent | Variety—Condinued percent
endarin_ .. ____________ B. 49 T-117 .

Dunfield, A ._______._.. . P I 5g4563~—3
Dunfield, B \ Average pereentage of hall_ .
Average percentage without
Peking
Beioto_____ ___.__. ..

The acid numbers were determined on the oils extracted for the
determination of the unsaponifiable matter. As the results were
consistently low and showed no noticeable variability, they were not
statistically analyzed and are not presented. The average value,
approximating 0.15, indicates that the harvesting and storage of the
soybean samples for chemical analysis were uniformly satisfactory.

EFFECT OF VARIETY, FERTILITY LEVEL, AND SEASON ON
THE YIELD AND COMPOSITION OF SOYBEAN SEED

The extent to which the fertility level of & soil affects the yicld
and composition of the sced of soybean varieties and strains is of
importance when locating nurseries for testing new selections. A
study of this effect was made possible in the spring of 1937 through
the cooperation of the Ohio Agricultural Experiment Station.

MATERIALS AND M ETHODS

An experiment bearing on this problem was started in 1928, secord-
ing to Stringfield and Salter (27), in cooperation with the Bureau of
Plant Industry. The study, as initiated then, involved a 3-vear
rotation of corn, oats, and wheat on a Canficld silt loam soil at Wooster,
Ohio. Stringfield and Salter describe the soil as derived from sand-
stone and shale and as naturelly low in fertility but responding well
to fertilizers and manure. The treatments established on the four
levels, as shown in table 19, were designed to provide four distinet
gradations in fertility. The corn, oats, and wheat cropping was
continued until 1937 when soybeans replaced oats in the rotation.
It is evident from table 20, showing the response of corn {27), oats
(I7), and wheat (16), that distinet levels of fertility have boen
establishad.

TABLE 19.--Plot freatmentst at the four fertility levels used in the S-year rotation
tests with cern, oats, and whent (on Canfield silt loam)

Trestiient used for crop indicated
Ferzitivy e
leve]

Corn Onts W heat

None N eme

4 tous manvre, 100 pounds §-16-0 do 2 pounds 214-3 in ], 5 poends
hrondcast, 100 ponnds 4-19- in hiil. witrate of soda in 5prin¥.

8 tons manure, 200 pounds §-16-0 dn A povinds 2-M-1 in fall, W0 ponnds
hrondoust, 200 pounds 4-12-4 i hillL nltrpto of sada in spring.

Wi tons manlre, 400 pounds 0-10-01 o, .. 188D pounds 2-14=4 in [ail, 208 jonnds
bronrdenst, 406 potinds 4-12-4 in hill, I nitrite of soda bn spring.

¥ From i toble by Lamb and Saiter {16, p. 157).
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"TaBLE 20.— Average yield response per acre of grain crops o the four levels of fertility
esiablished on Canfield silt loam

Crop yleld for—

Fertijity level
Onts

Bushels
33.6
2.9

45. 8
425

Since the spring of 1937 eight soyhean varieties, involving a wide
range in genotypes, were planted across the four fertility levels. The
varieties Mandarin, Dunfield, Mandell, Illini, and Peking were common
to the varicties X locations study and the varieties X levels study.
The varieties Morse, Virginig, and Jogun were added to enlarge the
range of types. Morse, & grain type, and especially Virginia, 8 hay
type, do well on relatively infertile soils. Jogun, a large-seeded vege-
ﬁagle soybean_ variety, is & short bushy type that does well on more
fertile soil.

Seed yiolds only are available for the 1937 season, but yields as well
as reprosentative samples have been analyzed for protein, oil, and io-
dine number of the oil for each of the 3 following years and are pre-
sented to indicate the effect of fertility level on the composition of
soybean varieties and strains.

CoimaTorocican Data

Menn monthly temperatures and total precipitation for the four
seasons, 1937-40, are given in figure 9 and table 21,

TaBLE 21.—Mean maonthly temperalures and precipitalion al Wosster, Ohio, during
1987401

TEMPERATURES

Soptem-

June Juir Angast or

Cetober

PRECIPITATION

May | Jume | July | August | STPN™-1 october

Inches Inches Inchea Inches Tnches
! 4.8 275 62

3.52 3.13

4.71 3. 56 319
4.8 N 208 1,00
0. . . 5.70 . 512 I.
Normal ——— . 3.86 . 372 3.

1 Compiled from Climatologicnl Data lssues of the U, 8, Weather Buresu.
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CHEMICAL COMPOSITION OF SOYBEAN SEED

YizLD

In general, the yield of soybean seed, like that of any other crop,
is the resultant of the interaction of soil, climate, and variety. This
fact explains why low yields result from a combination of fertile soil,
good variety, and unfavorable climate, or from fertile soil, poor variety,
and favorable climate, or from infertile soil, good variety, and favorable
climate. In other words, low yields may be obtained if any one of the
three elements becomes a limiting factor. On the other hand, maxi-
mum yields may be obtained year after yesr if a favorable combination
of soil fertility, variety, and climate occur. Since this favorable
combination ocours infrequently under general ferming practices, it
was deemed expedient to plant several soybean varieties, comprising a
wide selection of genotypes, across these four distinet levels of soil-
fertility plots adjacent one to the other for the purpose of studying
scientifically the interrelationship of soil fertility, variety, and climate
upon plant characteristics such as growth, yield, and chemical composi-
tion. DBy this method information was obtained concerning the degree
of those elements necessary for maximum yield as well as the evalua-
tion of each in its effect upon yield. Itis from this point of view that
the yicld data will be presented.

The effcet of soil-fertility level on yield of each of eight varieties of
soyhcans may best be observed from a study of the 1938 yield data
given in table 22 and shown graphically in figure 10. During this
year the favorable climatic conditions permitted each variety to attain
1ts maximum potential yield as limited only by soil fertility. The data
show in a general way that all varieties responded advantageously to
increasing levels of soil fertility and, with but few exceptions, the
megnitude of the response, in bushels per acre, from the lowest to the
highest levels was similar, This was frue despite the rather large
differences in range of yield. For example, on the A level of fertility
Mandarin and Mandell yielded 12.7 and 18.5 bushels per aerc, re-
spectively, whereas on the D level they yielded 24.6 and 29.9 bushels,
respectively. The range in yield for Mandarin was 11.9 bushels and
for Mandell 11.4. The range in yield for the other varieties, cxcept
Virginia, was about the same. The similarity of these values indicates
that all varieties but one possess the genefic constitution to produce
seed in proportion to the fertility of the soil on which they are grown,
though not in proportion to the same average yield. That is, whereas
Mandarin increased its yield 11.9 bushels from fertility level A to D,
and Mandell increased its by 11.4 bushels, it is highly improbable that
at this location Mandarin would ever exceed Mandell in production
of seed per acre, unless Mandell were killed by 2 very early frost. So,
although soil fertility excrts a definite influence on yield under favor-
able climatic conditions, it cannot alter the limitation set upon yield
of a given variety by genetic make-up and thereby cause each variety
to produce equally.
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Fieure 10.—Average response of eight varieties of soybeans to four levels of soil fertility, showing total yield, seed size in grams per
100 seed, protein content of seed, oil content of seed, and iodine number of oil.
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TasLe 22. —Yield per acre of eighl varielies of soybeans grown on four levels of soil
fertilily, 1937—40; analysis of variance of yield by seazons and for the &-year period
193840

’ EXPERIMENTAL DATA

Yieid of seed per acre of the varieties indicated

Year and fortility lavel " . vi
an- un- : r-
Jde‘il figid | Dun' | Joguo Peking ginta

Busheis| Busheis| Bushels] Bushels| Bushels Buahda.
1.8 L & 16.9 1.7 .9

15 2‘

14.8

4

12.4

2.4

r
2R
_—
mMpmem;ee
[ - RS IR ]

th ] 00 ke de B

i
=)

EI B pe
2R5e
[~] T e

3-year mean (193840)__,.__2

1
=
=

ANALYSISE OF VARIANCE!

1937 1938 103 140 | VoL perlod,

Bonree of variation

Mean | F ( Mean | F | Mesn 2 | Mean F | Mean
sepzare | valus) square {volue | sqoare |value | square |value | squnre

270000 LT | 27207 10, 03.67"% 28. . L2 (130, 43
2.9 §13L. 21 48, 20, (2 .

2 P
Varieties X Jevels . . 2.65
Vaorieties X yeirs . .
Levels X yeurs_.._....
Varintles X levels X

I *=gjgnificant {5percent level), ss=highly sigaificant {1-percent leval).

Although such varieties as Mandarin and Mandell responded well
to incrensed feriility in 1938, Virginia, which had the largest yield of
all the varieties on the low fertility level, failed to give much response
to increase in fertility. Virginin is noted for its ability to grow well
on poor soil and probably can forage more successfully than other
varneties for its mineral needs.

The yield data for the remainder of the years 1987, 1939 and 1940
show the influence of climate in varying degrecs upon the reaction of
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varieties to soll fertility. Reduction in yield, on s given fertility level,
below the 1938 value may be ascribed to interaction of that variety
with fertility and climate, whereas the magnitude of reduction of all
varieties from their 1938 yields on a given fertility represents differ-
ential varietal reaction to a modified climate-fertility relationship.

In further evaluating the importance of soil fertility on production
of soybean seed, the data in table 28 warrant cereful study. It may
be observed that for any given season, and therefore for a given sot
of similar conditions of variety and climate, the B level of soil fertility
produced a significant mean increase in yield over the A level for all
varieties. The mean increase of C over B, while significant, brings
inte the picture the differcntial interaction of variety to a specific
soil and climate relationship. Thisis indicated by the mean increases
in yield of Mandarin and Mandell for C over D, The former varicty
would not, or an average, benefit by being produced on a fertility
level higher than B, whereas Mandell would justify o fertility level
higher than B. Other varieties may similarly be compared. The
mean increase of D over C proves that the D level of soil fertility
could not be justified for the production of soybean seeds.

TaBLE 23.-- Incrense in yield per acre of fwo soybeun varieties over @ f-year period,
due lo level of sail feriility

} :
I i Tmerease or decronse ) Increase or decreass
i : between lovels ; between jovels
Varigty i Year, T T Varlety Year :
i :Agnd!Bapd| Cand Aend | Band | Cang
boog B C D B cC | D
[ I R | " i i
; | Bushels Bushels' Dushels .- Bushels 'BmhcisiBmhz&
i3 13 —-06. -—34§ - 16537 5.3 I %7, —20
[l £ L TE e B 8 TR
Wistwi 76, —34  —g2, 0] 82! 3§ I .8
Mean i 49, 1.6, —17i  Mean. ... ._{.. .1 B8 27| it
: H i : \

As observed in the analysis of variance, table 22, the varieties differ
significantly among themselves. The mean squares for levels and
vears are also highly significant, with years contributing the most
varignee. Among the first-order interactions the varieties X years
and levels X years mean squares were highly significant with respect
to the varieties X levels X vears mean square. The varieties X levels
variance was nonsignificant, indicating that, over a period of years
of ¥icld testing, the fertility levels were without much effect on the
rank of the varieties with respect to yield, especially within the range
usually experienced in [arm practice,

S1zE or SEED

Among the varicties included in the study was Jogun, a large sceded
vegetable variety averaging 29.78 gm, per hundred seeds for the 3-year
period. Contrested with this was the small-seeded Peking, which
averaged 5.96 gm. per hundred seeds. As would be expected from
mcluding such types, the mean square for varieties was large and
highly significant statistically. Likewise this was true for all the
individual scasons.
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TABLE 24.— S8ize of seed (grams per hundred) of eight varieties of soybeans groum on
Jour levels of zoil ferlility, 1988-40; andalysis of varianee of size of seed by sezsons
and for the S-year period 193840

EXFERIMENTAL DATA

Weight of 100 seeds of the varieties indicated

1

i |
Man- | Dun- P | .
datl fiola | 1ini i Jogun I.Mnrse % Peking

i

Grams | Grems | Grams | Grams | Grams * Groms
13.13 12.54 1,521 2023 154 §.39
13.25 12.88 10.86 ¢ 20.53 - 3 5.2
12,44 . 28.35 30 6.8
12.37! 10.86; 3544 1668 0.67

12.06 | 1091 30.641 16.48: 0.6

|
29, 53 !
prin
30, 53 |
1,301 28931

11,53 ] 3804

seme
2E8g

=
&

3 . S een} WES .25 98,07
B a0 14 25, 12,08 | 28.03
cO 0 DT T 168t 180330 18, iZ.50{ 30.48
n.o L ¥ {840 IBEL: AL
w.orf 1238 | oo

i e
RERH

2

Feyedr arevage Jor each level

12,82 1148 ] 25,

. . 13,38 | L4741 328,
15. 58 N 13.91 | 11.85 | 20,
15, §2 . 13.88 11. 74 31

14.58 | 14,06 13.49I e | .

ANALYSIS OF VARIANCE:

3-vear poriod.
Dagrees 1 19 193640 |
Souree of variation of [ree-
dom

Mean F Menn F Mean Hipan
square | valua | square | velue | square square

Varinties 26, 4y 3 181, 0871123, 67 |1D4. 46 - 576, 25
Levels 241 . . 4.81 5 7204
Yours e RPN [ 214
Varietles X levels.. 1.34 .68
Varielles X years. . PR, 4. 10%~

Lovels X years. ... ... [ 2,867
Varietles X levels X yonrs ")

I *msignlfeant {5-percent level), **=highly significant (1-pereant lovel).

‘Among the levels there was variation in seed size with the seasons,
this response being nonsignificant in 1938 and 1939, but for the
3-year period the levels variance was highly significant. Among the
seasons the average seed size for 1938 was 14.42 gm, per 100, for 1939
it was 14.44 gm., and for 1940 it was 14.32; so, as would be expected,
vears showed a nonsignificant variance. There was not a great differ-
cnce in the type of weather in the 3 years, as far as temperature and
distribution of rainfall was concerned. There was a more abundant
supply of moisture in 1938, resulting in higher yields but not affecting
size of seed. Although there was significant varieties X years and
levels X years interaction, yet the varieties X levels interaction for
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size of seed was nonsignificant, indicating that in general the levels
were without significance in affecting the order or ranking of the
varieties with respect to this character,

The individual determinations of seed size for the eight varieties
on the four fertility levels, together with the analysis of variance of
these data, are given in table 24.

ProTEIN CONTENT

Among the varieties there was a significant variance in protein
content of the seed each season and for the 3-vear period. Several
varieties were common to the varieties X locstions study, and from s
study of table 5 and table 25 consistency is noticed in their perform-
ance. Mandarin was high in protein content in both studies, whereas
Peking was low. This would be expected from the low varieties X
locations interaction in the one test and low varieties X levels inter-
action in the other,

TasLe 25.--Crude profein conlend (dry basis) ¢f seed of eight varieties of soybeans
grown on four levels of fertility, 1958-40; analysis of variance of percenlage of
profern by seasons and for the 3-year period 195840

EXFERIMENTAL DATA

Crude wroteln content af the varieties indicatorl

‘Year and fertility level i T Mean

Man-  Man-  Dun- . .y Bolking . Vi
darin ¢ dell . field - Iini | Jogun i Morse ; Peking,; ginia
. L H 1l

i Percen.'i Pcrcem:;' Prreent| Peroent| Percent| Percent] Percent| Pzrcemi Pereent
43040 41947 3413 X 40.03 | 3754 30,81 ;

Toar - 42,38
43.50 | 4250 3T 13 . G 4L 3713
4244 | 4213 34.88 3 - 41 Ir 13
41000} 40.00 0 3613 5 LI B 35. 50

42.72 -11.32i .82 ¢ 0.8 . N 36. 93

40. 10

1
45,06 | 4188 ° 7. 04 30012 . 2 .19
41751 40.00 ) 23.35| 3G K A )
45.44 ¢ 4306 | 3644 . N i . 56
43.75 | 3583} 3. 13. L 5

4217 | 35.88 . . 3 39.3t

43.50 | 31.75
42,254 38561 37.8L
4219 89.31| 37.00 .
42BI| 40.7¥5 | 3813} 44.00

4260 | 30,09 | 38,20 | 43.80
4233 ) 37.26 | 3R.46 | 4262

ANALYEIS OF VARIANCE !

1638 1839 1640 S-yeat period,
Degrees| 163540
Bouree of variation of [ree-
dom 1§ pean Monn Mean ! F | Mean
! smimre SOUATE v squnre | valtie | squnre

Varigties... . oeoeee... . 0,15 39, 30, Ba*ty 28 31. 57 3 LN HO
Lawvels, ... %.5 . 3 5. 40"
Years . 1.80
Yarieties X lavel . L2
Varieties X years, _ . aaan 6. 11°"
Levels X years - 7,30
Varisties X levels X years. . 2] . caiaen 115

1 *e=g gmificanl {G-pereent level), **=hlghly slgnifeant {-pereent level).
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As seen in table 25, there was a nonsignificant variance for years
but significant varicties X years and levels X years interaction. ~ The
average performance of the varicties was therefore quite similar in
the three scasons, as was noticed for sizc of seed. The environment ab
the eritical period for carbohydrate metabolism in the plant and for
oil and protein metabolism in the sced for each variety musk play an
important role in determining protein composition as well as size of
seed. This relationship is indicated in Mandarin, which had larger
sced and lower protein in 1938 and smaller sced with higher protein
i 1939 compared with 1940. More worl is necessary, with very
careful observance of the stage of plant development m relation to
climate, to establish this relation. Such a relationship, however,
would not be unexpeeted, as slightly shrunken wheat usually contains
o high percentage of protein,

O ContENT

One of the most important of the present objectives in plant
breeding work with soybeans is the development of high-oil strains.
Prefiminary selection work must be done on a soil that will permit the
identification of those strains that will produce high oil in the area
for which the sclection is being developed. Therefore, information
on the responsce of varictics to fertility level as well as geographical
location is of value,

The individual analyses for seed oil content of the eight soybean
varieties on the four fertility levels during the three seasons are given
in table 26. The average performance of the eight varieties is shown
in figure 10, 2. The variety Mandarin was high in protein content
and low in oil content in the varictics X locations study and this
same relationship is found for the fertility-level study. ~Similarly,
Dunficld was high in oil content in both studies, whereas Peking was
low-.

Among the fertility levels there was a significant variance (table
26}, the B level producing seed with an oil content significantly above
the other three for the entire period. Conversely, protein content
of seed was significantly lower on the B level than on the other three
levels. Although distinet responses in yield were noted due to
fertility, the effect on composition has been relatively small.

Although there is significant varieties X years and levels X years
interaction, it is of importance that the varicties X levels interaction
is ponsignificant with respect to the three-way interaction. This
indicates fertility level to be without much effeet on the relative order
or rank of the varieties for oil content within the range of soil fertility
levels ordinarily encountered in breeding work.
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TasLE 26.—0il conlent (dry basw) of seed of cight varieties of soybeans grown on
Four levels of fertility during thres seasons, 1938-40; analysis of variance of per-
centage of o7l by seasons and for the S-year period 1938~40

EXPERIMENTAL DATA

Oil conttent of sced of the varletics indicsted

Yeer ang fertllity level At M o - i Mean

T n- An- un- . 2 - Tir-
dnrin | dell fiedq | DHni | Jogon | Morse Teking ginia

it Percent] Pereent| Pervent| Fercent| Prrcent| Percendt Percent| Percent| Pereen!

16. 03 %12 o), 86 i, 65 17. 2d 18,62 17. 41 18. 71 18. B7

10.29 18,78 | 20,33 1044 17. 20 18,21 18. 1 i8, 55 18.75

19.81 18. 7 .5 18 18 17. 32 17. 88 18. 27 18. 27 18. 75

a4 16. 20 20. 52 LN 17.40 18. & 18.70 18, 43 18.9%

10. 57 18,95 AL 5T 19,38 7. 32 18.31 18, 14 18, 50 18. 84

18, O 18.78 A 12| 2028 17.64 19. 18 17.00 17.61 18. 6%

19.78{ 20.32 2. 16| 21.88 17.74 18. i} 18. 11 18.33 19, 70

15,77 18. 92 2.8l 0.20 1. 85 17. 00 17.12 18. 14 18. 60

18, 1H 18.32 21,98 | 2150 1030 18.48 14, 87 19, 15 18. B&

i8. 3 10.09 2177 ) 20.95 17.16 | 18.52 .28 183 18. 57

1B. 36 J8. 20 10.46 | 18,31 15. 32 10,37 18, 46 18.72 18, 15

18, 50 18 74 18. B2 18, 64 156. 85 ig. 40 17,87 18. 20 18, 48

7. 62 18. 75 1B. 57 19.47 15. 26 18, %5 16, 24 17. 21 1.5

16, 02 18, 41 18,04 18,01 15, 38 17,85 15, 47 18. 93 17. 4

17,83 18, 53 1E. 92 10 44 I3, 45 18,79 16. &1 17.77 17.80

J-yemrmesn. _.........

18 68 ; 18.85 | 2042} 19.89 16. 04 18. 54 173 18. 10 18. 57

ANALYSIE OF YARIANCE!

D 1038 1930 1040 fyear perlod,
c- T

i greesaly_ oo b el e e S
Bouree of varintion frec-

dem : Mean F hMean F Mean F Mean F
square | valne | square | value | square | value | square | value

Vaorleties .. 7 4,.00% [ 2270 | 10465 24,11 6.90*) 38.30 | 18.31** 63.23
Levels.. 4 I A 2,04 4.62 2,34 1281 2.00* 7.1l
Years ... _._.. . - 2 .- RN U AU S .- 1. 05| 38.24
Varleties X levels | - P - O

Varictios 3 yenrs. .. . eeeaaaan LAE*™ 575
Levels ¥ yeara. ... ..o - L. 26" 44
Varleties ¥ levels % yenrs_ ... JS- I

1 *=slgnlfeant (5-percend Ievel). **=highly signiflcant {l-pereent level}.

Topiny NuMBER

Todine number of the oil was determined for seed of the eight
varieties of soybeans for cach soil-fertility level for each of the seasons,
1938-40. These analyses are recorded in table 27, Among the
varieties, Peking sced oil is the highest in iodine number and Jogun
and Dunfield the lowest. The iodine number of oil from seed of all
the varieties is high at Wooster when compared with that found in
the varieties X locations study, the mean values being 134.9 and 128.8,
respectively. Trom the analysis of variance for jodine number (table
27) it is apparent that voricties and years contribute much variation
and levels comparatively little, though all three are highly significant
statistically.
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TasLe 27.—Iodine mwember of oil in the seed of eight varteties of soybeans grown
on four levels of fertility during three seasons, 1938-40; analysis of variance
of todine number of oil by seasons and for the S-year period 1938-40

EXPERIMENTAL DATA

Toding number of the oll from sted of varisties indionted
Yearond fertility tover | 777, T T Ty Ty T TR TR
; Man- | Man- 0 Dun- 1hint

L darin doil | fleld | Yoman | Morse § Peking .\'irginia.

i35.8 | 135.3
134.0: 33,

132.8
23

133.7 !

132, 0

135,
. . . 137,
136.9 a1 A X1

Mean o meememmnean.-| 138 136. 8 i3, . 6.7

A-YOATIMEAL |, oo ieioea.- W 136 . L2 i

ANALYRIS OF VARIANCE!

. 3-¥ear periad
1038 [Rrkis] '
_ Deyrecs 103540
Souree of varixtion of free- |- :
1
dom : afonn Menn § £ | Rfean Mean
Sre value BEnTe sSunee sjuara

|
: . 150, 13 | 50.0f**| 52,50 | 34.73** . 150, 70%+
g, 8581 . 341 47

[ I LB

Vericties

Yenrs. . .. ..
Varielies ¥ lavels _.
Varietics X yenrs.... .
Loveis X years. .. - B B
Varfeties X fevels X years 20, - R S S

t *mgjenificant {(Spereent fevel). *¢=highly slgnifieant (1-perceat lovel).

In the previous discussion on iodine number as aflected by geo-
graphical location (p. 31} it was pointed out that climate, or more
specifically the temperature at the time of repid translecation of food
materials into the seed, influenced the degree of unsaturation of the
oil. From figure 9 it is evident that the last part of August and the
first pari of September in 1939 was much warmer than the same
period in 1938, whercas 1940 was even cooler than 1938. From
table 27 it is evident that the mean iodine number of soybean oil for
the three seasons is inversely related to the temperatures, for in 1939
the value was 130.9, in 1938 it was 135.8, and for 1940 it was 137.8.

Among the fivst-order interactions, although all were significant
statistically, the one for lovels X years was small, indicating that in
general the soybeans on the four levels performed similarly in the
three seasons. The varieties did not renct similarly to the seusons, a
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dissimilarity to be expected due fo fluctuation from yeer to year in
temperature at the critical filling period for each variety. This is
readily seen when it is recalled that the soybean varieties used differ
in their date of blooming and period of bean development, and when
it is noticed in figure 9 how the temperature cycles varied from season
to season. In other words, as far as environment in the critical
filling period is concerned, among the cight varicties grown in three
seasons there are more than three crop years of climate represented.
Although the varieties X levels interaction is significant, yet there
was not sufficient reversal in the order of the varieties to be of concern
to the plant breeder, provided no appreciable differences in date of
filling and vipening is experienced between soil-fertility levels,

SUMMARY AND CONCLUSIONS

Soybean varieties were grown under different conditions of climate
and soil in. the five leading soybean-producing States of the North
Central Region during the five seasons, 193640, inclusive, by the
United States Regional Soybean Industrial Products Laboeratory.
The purpose of the investigation was to determine the influence of
variety and environment on the chemical composition of the seed
produced, as an aid in breeding and testing new varieties of soybeans
for industrial utilization.

The 10 varietios seclected for study ranged from carly to late in
maturity and provided a good cross section of genotypes. The
chemical-composition data were studied statistically by analysis of
variance. The seasons ocewrring during the period of study included
as adverse and as favorable elimatic conditions as may be anticipated
in the area.

The percentages of carbohydrate, nitrogenous, lipid, and mineral
constituents in the soybean appear to be influenced by the physiolog-
ical vigor as controlled by the environment during the entire growth
period of the plant. The iodine number of the oil from the seed of a
varicty appears to be crifically influenced by the prevailing tem-
peratures during the period of bean development and oil metabolism.
High temperatures depress and low temperatures raise the iodine
number.

In general, the oil content of the soybean secd is most specifically a
varietal characteristic, and the iodine number of the oil is about equally
influenced by variety and climate under the conditions observed in
these investigations.

The influence of adverse environment during the period of develop-
ment of the sced on the seed size is greatly offset by abortion during
the period of ovule formation through which the individual plant
adjusts the number of beans it produces to its physiological resources.

In generel, the percentages of oil and total sugnrs vary in the same
direction and inverscly with the percentages of protein.

In general, no large variations were observed in the pereentages of
crude fiber in the seed and unsaponifiable matter in the oil.  However,
there is some variation in these constituents due to variation in sced
size and ratio of sced coat to cotyledon.

Temperature levels significantly influcnced the ealcium content of
the seed produced by a given variety. Invariably high caleium con-
tent, resulted when the soybeans were grown at high temperatures.
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Total ash, phosphorus, and potassium content of the seed appeared
to be influenced more by soil type and fertility than by variety or
varietions in climate.

Eight varicties of sovheans were grown atb one location on four
widely different levels of soil fertility., Fertility level affected yield
but was without noticeable effeet on composition of soybean seed with
respect to oil and protein content and iodine number of the oil.
Within the limits ordinarily encountered in breeding and variety-
testing work, soii fertility does not appear to affect the relative rank
or orcler of varicties and strains of soybeans with respect to these
chemical factors.

Under the conditions of this study varicties were found to differ
significantly in the compositional factors determined. Pedologieal
and climatic factors did not ereatly influence the relative standing or
ranking of the several varieties with reference to the percentages of
oil, protein, phosphorus. and calcium. Henee, with respect  to
composition of sced, ihe performance of a variety or strain of soyheans
at one location gives an indication of the velative performance that
may be expected by it at other locations in the area.

The importance of this work is in the finding that varietics and
strains of soxbeans seem to inherit their characteristie chemieal com-
position, making possible progress in breeding for desired chemical
composition as well as vield and other agronomic factors.
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