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INTRODUCTION

Sbybeans were reportedly first cultivéfed‘in the United States
aboﬁﬁ 160 years ago-haviné beeﬁrbrdught to'this coﬁntry from China
»and-Manchuria. in'the early ﬁart of‘the twentieth century, small
qpantitiés of soneans and soybeén 0il which was used for industrial
:purposes were imported into this éountry, During World War I, there
existed a world-wide shortage of fats at which time the United
States began importing ihcreasing amounts of séybeén oil “from'
 ’Manchuria.‘ Most of this was used for edible purposes. Many other
couﬁ;ries of which Eutopean‘éountries are noteworthy, began to
realize the value of soybean oil about the same time. Shortlyb
after World War I, the versatility of the soybean became apparent
‘to world scientists. Sinqe the early 1930's there has been a
continual increase in United States soybean production. Present
annual prodpctién'in‘this cbuntry exceeds one billion bushels..
Soybeans raﬁk second in value amongkfarm Crops in the United States.

vThe increasedvdemand for and use‘of soybeans is due to the
high 0il and high protein content, both having superior quality.

,Approximately 90%>of the soybéan oil consumed in the United
States is for human consumption. It is the primary raw material
for matgarine, shortening and éalad 0il. The remainder is used
primarily invthe production of paints, soaps; varnish andbdrying
cils. Conseﬁﬁently,‘the 0il content of soybeans is of méjor
importance. The yield of oil has increésed from 9.7 poun@s per

bushel in 1950 to 11.0 pounds per bu$hel in 1960. This increase



has bean due‘mbstlyito cbaﬁgQS'in the metﬁodsvused.to extract the -
oil and the use of improved varieties with both high oil and high
proﬁéin. |

" While 0il has historically béén considered the most importanﬁ«
ingredienf of soybeans, soyﬁean protein is Becoming increasingly -
important. At the présent time abpféximately'9SZ‘of the soybean
protein coﬁsumed in the United States is as animél feed. The
' devel&pment of new food preducts made froﬁ soybeans has crééted a
tremendous potential usage for soybeans és>a food:both domestically
and abroad. The soybean is‘unéuf;éssed as a high—protein high-
energy food and is being prqmqted for use in food deficit nations.
Soybean protein contains all of fhe essential amino acids necessary
for human hutrition. |

Informétion on factors affecting the 0il and protein content

of the soybean seed is extremely fragmentary with éonfradictory
statements sometimes appearing in the 1itera£ure. The genetic
makeup probably has more effect on chemical composition of soybean:'
seed than any»othér single factor. Varieties, strains and plant
introductions being grown and utilized in breeding programs in the
United States have an éxtremely wide range in oil and protéin
con#ent, ranging from approximately 127 to 257 oil and from 33% to
52% préteinf vVery little effect on the oil and protein content
has beén noted due tovéultural and/or menagement praétices. Temperé—
ture'during certain critical periods, moistﬁre, day léngth; séed -

-size and soil fertility are some factors which have been studied



7,}~and thought to affect chemlcal comp031tion in varylng deorees.,“"

‘f7_The 011 processors 1n Vlrglnla are contlnually statlng that soy-f

"f beans Droduced on the east coast are 1nfer10r in 011:content to/v>'yh o
'beans produced invthe gulf coast:atéazand hidehestern‘stetes, It

V]e is thoh°ht that thlS cond1t1on ex1sts because of dltfetehces in 1
‘tvarletles grown.ehd ehv1rohmental eend;tlons, 1nclud1ng sell t&éé.

The obJectlve of - thls study has to determlne the effect of |

i‘tthree 8011 types and three locatlons 1n Vlrglnla on thc 0il and

vproteln cOntent~of dlfferent soyﬁean Varletles.




LITERATURE REVIEW

Howell (20) reported that the accumulation of most chemical
- materials in the seed, in general, paréllels the accumulation:of
,totalfdry matter. However, oil synthesis appeafs to trail some-
whét behind the total gain in weight, initially. The oil increases
very rapidly from the time éeed weight is about 30 mg until about
two weeks later, after which oil percentage changes very little

(7, 28). The oil percentage, according:to Howell and Cartter

(11, 12) is influenced by temperatures, especially during a period
of about three weeks, beginning shorﬁly after the start of seed
development; 0il content also varies, accordiﬁg to Collins and
v Cartter (4), with position of the seed on the plant and with position
of the pod on a raceme. They found that seed produced near the

tié of long terminal branches produced less oil than those from
~peints lower on the raceme.

Morée et al. (18) refer to the chemical composition of the

"...the chemical

- soybean as being very complex. They further state
compésitidn is governed by the combined forces of heredity of/the
variety and the environment under which thekparent plant is grown."
The genotype probably has more effect upon 0il and prétein content
of soybeaﬁs seedé than any other factors as indicated by the wide

- range of oil (12% to 25%) and protein (34% to 52%) in genetic

materials available to plant breeders (31).

Garner et al. (8) concluded from their experiments that under

most conditions, climate is 2 more potent factor than soil in



‘ COntrolling‘oil éonﬁent and the size of SOybeaﬁ seed. They grewb
'soybegns in pots ofVSOil brought in from different locatiocns and
coﬁcluded tﬁét the relati?e effects of different soil types are

- not spécific and ccnstéﬁt but depeﬁé largely on seasonal conditioms.
 Howell (20) posfulaﬁes thaﬁ temperaturé variations affect soybean
cdmbosition moré than they éffect yield of seed.

In 1937, Viljoen (32) studied the relationship of femperature
during the growing season to oil content at maturity. These data
éhowgd‘no correlation between maximum temperatures and percentage
voil} He did find a highly significént correlation between mean
minimum temperature and percentége 0il and alse between mean
temperature and percentage pfotein. It should be pecinted out that
these correlations wére made with only two varieties of unknown
maturity and two growing seasons at nine locations in South Africa.
Temperatures, at the different iocations, ranged from a monthly
mean of 91.3°F. to 46.0°F. Maximum temperature for a single day
wasv102.2°F. while minimum:temperature was 34.5°F. Inbhis experi-
ments, rainfall for the entire growing season ranged from 1.83
inches to 25.67 inches. In the same experiment he observed that
the §i1 content was lower from beans of the same varieties plénted
“late in the season as compared to early planting. He attributed
this to‘the lower mean minimum temperature dﬁring the growing
season when soybean planting was delayed.

Pahigianv(QZ) studied the correlatioﬁ between mean monthly

temperatures, total precipitation for the growing period and the



'mean oil contenf 6f‘soybean‘s¢ed gfown in éa;hvof lO principa1J
production areas of the United States. VAl;hough ﬁigh mean
temperatures tendéd to bevaésociaped ﬁith‘high oil content within
regions; feﬁ corﬁelatibns‘were sigﬁifiCAnt} ‘He attributed low
correlations Withiﬁ a region to limited‘observations and to little
variability of rainfall from one location tb another. He inferred
that rainfall probably was a contributing factor. Pahigian (22)
also studied the relationship of o0il content to day-length and |
found a positiﬁe but low correlation wheﬁ temperature was held

- constant.

Using four varieties of flax, Dillﬁan and Hopper (5) cofrelated
0il percentage and July temperature at irrigated and non~irrigated
statiqns. Under non-irrigation, a highly significant negative
correlation was achieved with average maximum, average minimum
and average mean temperatures and oil percentage. This was true
for all four varieties evaluated. Under irrigation the significant
correlation coefficients were negatiﬁe for only two of thrée
varieties with average minimum (P = .01) and the same two vérieties
with average mean (P = .05) temperatures.

Weiss et al. (33) studied the effect of mean temperatures
during the bean development period on the cil content using five
varieties, five planting dates and three mid-western locations
for a three year period. They found a significant positive correla-
tion Eetween mean temperature and oil percentage. Howell and

Cartter (11) using data from Uniform Nursery Tests in the South



aha Midwest (29, 30)“studiéd‘the relaﬁionéhip,ﬁetweeh Qilbcoﬁtént.
bf soybean seed and the maximﬁm and minimum dai1y temperatures
‘for 10 day peribds; beginning'SO days ﬁrior to pod maturity. :Théy'
concluded that méximum‘tempgfatﬁréé exerted a greater influence
than minimum temperétures for Group O (earlyj beans growﬁ in the
North.' They also found that maximum temperatures 20-30 days
before pod maturity were more ciosely”associated with oil content
than maximﬁm températures,'earlier or later. Minimum temperatures
early in the pod-filling stage were more closely associated with
oil coﬁteﬁt»than maximum temperat;fés. However, with maturity
‘group VIII (late) varieties, both maximum and minimum temperatures
showed akpositive correlation with oil content but the highest
correlation for maximum temperatures wés for the 20-30 day period
prior to maturity. This agrees with déta obtained when ﬁsing
Group 0 (early) vérieties.

‘In another study,_Howell and Cartter (12) conclﬁded that day
témperature dufing the pod-filling stage exerted an effect on o0il
contenﬁ of the soybean seed. Increasing the day temperature during
the pod-filling stage from 70°F. to 85°F. resulted in an increasé
in oil content from 19.5% to 22.2%, respectively. Temperature di&
not exert a significant effect on prOteinrcontent of fhe seed in
this étudy. Cartter and Hopper (2) suggest that climatic con-
ditions favofablé for the development of high protein are responsible
for iow oil. They found one notable excepfion in éhé case of'the

variety Peking whose seed consistently had a relatively low oii



~and low protein contént. In the‘same'study,vthey’found'thaflcaicium
content of the éeed varied directly with maxiﬁumvtempefature.

Some iﬁvestigators have repofted that éeed size hés an efféét
on oil and_protein content. Weiss éf al, (33)Vshowed that delayed
planﬁings after May decreased éeed‘size and oil percentage. These
data, ho&ever, did not show as clearly as some the apparent invgrse
relationship which generally existé between o0il and protein content,
reported by many authors.

‘Smith et al. (24) in Virginia experiments involving locations,
varieties and dates of plantiné coﬁéiuded that the protein content
of soybean seedvof the different varieties used showed‘no consistent
effect due to.déte of planting. O01il content averaged slightly less
from the July 5 (late) seeding, than from earlier plantings.

Garmer et al. (8) suggested that the environment at the»critical
‘ pefiod for carbohydrate metabolism in the plant and for oil and
protein metabolism in the séed for each variety must play an important
role in determining protein composition as well as seed size. They
indicated that when the seed of a given variety are large (due to
favorable weather conditions) then the protein percentage is likely
to be 1ower and the oil percentage higher. As a parallel, they
cited the case of "shrunken“ wheat kernels which usually contain a
" higher perceﬁtage of protein. With respect to seed composition,
vthey conclﬁded, thatbtﬁe performance of a varieﬁfﬂor strain of
.soybeans aﬁ one 1ocation gives an indicafion of fhe relative per-

formance that may be expected by it at other locations.  Fellers (7)



concluded froﬁ his experiments that {mmature and small éeed'aré:"
1ower‘inv§il percentage than'mature‘seed.. This maykbé explained,
acéording to Fellers and‘otheré, by assuming that reservé, |
carbohydrates in the éeed'have ﬁoi become fully transformed into
oil. Feaster (6) ﬁorking invSoutheastern Missouri with five
varieties planted at 20 day intervals, réported that varieties

react differently at different dates 6£ planting in yield, protein
content, oil content and iodine number of the oil. 0il content

of relatively late varieties, he reported, was decreased more by
delayed plantings than Qas that ;f earlier vafieties. His impli-
cétion is that if soybeans mature during relatively high temperatures,
the oil content is likely to be higher than if they mature at

lower temperatures. Weiss et al. (33) also studied the compositional
characters in soybean seed as influenced by vériety and time of
planting. They concluded that protein content of soybean seed

was not affected by date of planting. Although the varieties uéed
in their experiments differed appreciably in protein content, they
failed to respond differently to dates of planting. The oil content
- was decreased slightly by delayed plantings but was not consistent
among varieties. Their conclusions concurred with Feaster's (6)

in that oil content of the seed of rélatively late wvarieties was
decreased more by delayed planting than was that of earlier plant-
ings. They also found that the oil content varied ﬁith years and

locations.
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Accofding to Smitﬁ-(25) most‘éoybean varietiesjdufrentiy
being grown in Virginia were developed south of-Virginia and
‘tﬁerefére are too late in méturity‘for_best produétiéﬁ in thé'
State. These late variéties are often damaged by eafly frosts,
especially when planted after small grains, énd tend to have lower.
oil aqd protein contentvthan soybeané produced in .the Middle West
or deep South; He also suggested that when grown in Virginia, full
season (late) varieties, which constitute&approximately 95% of
the Virginia soybean acreage, prodpcé appreciably lower oil and
in many instances, lower protein, than.when grown in states to.the
south. Jlowever, early varieties gréwn in Virginia have o0il and
protein content equal to those produced in other areas. Prodﬁction
of soybeans that mature late in the season during copl weather may
be one of the big factors for low oil in Virginia grown beans.
Decreases in oil content of seed with a delay in date of planting
have been reported (5; 11, 12, 21, 34) thus suggesting that later
maturity and lower temperatures during seed development are asso-
ciated with decreases in oil. However, Hartwig (9) found no
appreciable effect of planting date on oil content for two scuthern
varieties grown in Miésissippi. Smith et al. (24) foﬁnd some
reduction of oil in early varieties (northern types) when'ﬁlanted
late but little difference for late varieties (southern types).
Theboil content of varieties differed in their‘response to date of
planting. Garner (8) suggested that where largevgeographical areas

are included in an experiment which involves a wide range in varietal



1n
.
cha:acferiétics,vmoreFVériance'will be f6Undvdﬁe to ioéation'than'
to variety.

The influence of soii fertility on'chemicéi COmﬁoéitioﬁjof
soybean seed has been sparselﬁ sﬁﬁ&ied.' Thé early Woik of Lipman.
et al. (16) and.Féllers (7) reported a fairly consisteﬁt incréase
in-pfotein content of soybean seed resulting‘ffom_lime ap?lication.}
ngeralvconclusions were made from this work by Féliers:w

1.  The 0il content of soybean seed depréasesbin'direct

proportion to the largengss‘éf lime application;‘
‘éonversely; the proteinbééntent increases. (He did not
mention soil pH). |

2. Phosphate application increased oil content 6n limed pldts

but had né effect on unlimed élots.

3. Potassiuﬁ caused a slight decrease in percentage of oil

in the'seed but had little influence on the pfotein,content.
4. landplaster in amounts up to 600 pounds per acre caused

‘an increase in oil content in the seed and also stimﬁlated

nodulé formation.

Stark (27)‘also showed an increase in protein content of the
seed due to adding phosphorus and lime to the soil. He concluded
from his studies that the.chief:factors affécting the composition
of SOybeags.grown in different localities are soil fertility and
soil reaction. He was reporting data obtained ffom fields not
_ overJSO miies apért and in'a region of similar climatié ¢on&itions.

He summarized his conclusions as follows:
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1. vApplicé£idh of iime‘andvqrganic mattér iﬁcreaséd the seed
content of protein and reduced fﬁe éerceht'of oil.v

2. Appliéation of rOck'phbsphateﬂin a&dition to limestone

»'vand organic matter furthér\ihcreased the protein'content
and decreaéed the oil conﬁent.

3. Potassium applied in addition to‘rOCk phosphate, 1imestonev
énd ofganic matter resulted in a decrease in the percenﬁage
of protein and an increase in oil conteﬂt;

Garnér et al. (8) concluded tﬁat soil fertility had no real

effect on chemical composition and that only yield was affected.



MATERIALS AND METHODS

Four soybean varieties were grown on three soil types at each
of fhree Virginia locations in 1964, 1965, 1967, and 1968.

S§i1 types chosen for this study‘wére Davidson clay loam from
the northern Piedmont, Sassafras fine sandy 1oaﬁ from the northern .
Coastal‘Plain, and Bertie sandy clay loam from the southern Coastal
Plain.

Locations selected for the study were the same threeﬁareas from
which the soils were selected; namely, Orange, Warsaw and Holland
in the northern Piedmont, northern Coastal Plain and southern
Coastal Plain, respectively.

At each of the three selected locations, 48 holes wefe dug,
each 42 inches deep and 14 inches in diameter. A 100 mesh copper
screen wire was placed in the bottom of each hole to prevent vertical
root penetration into the.soil.below the depth of the hole. Copper
toxicity restricted root growth. Each hole Wés then lined with 2
double thickness of four mil black pléstic to prevent lateral root
penetration. A rim made of eight inch wide galvanized metal was
placed around the top of each hole to allow retention of rainfall
and irrigation water as well as to prevent weed and grass gncroach—
menﬁ.

Soil of each of the three types was then transported to each
location placed in the holes in a randomized complete block design
replicated four times. The top-soil was kept separate from the

sub-s031 and placed in the holes as nearly as possible to its

13



oy e b

original positiqn.‘ Thevtop—soil depth was 0-5 inches, 0-4 inches
and 0-9 inches for Sassafras, Davidson and‘Bértie, respectively.
The sub-séil in each case‘was that portion of:the soil profile |
.frém where the top—soil ended to the 20 inch depth. Coﬁposite
\soil samples were taken from each soil type for cheﬁical and
physical analysis (Appendix Tables I and II).

Soil pH was adjusted to approximately 6.0 by applying
dolemitic limestone.‘ 3205 and K,0 were applied to each "pot" at
the rate of 80 pounds per acre and worked into the top six inches
of soil wéll iﬁ advance of plaﬁtihg the first and third years of the
experiment.

Six plants of a variety were grown in each pot and were seeded
on or about May 20 of each year. in 1964 and 1965 two early
maturing varieties (Clark and Bethel) and two late maturing varieties
(Ogden and Lee) were selected for the experiment. Clark and Bethel
mature about September 25 and October 1, respectively. Ogden and
Lee mature about October 25 and November 1, respectively.

In 1967 Leé ana Ogden, which are subject to frost damage at
Ofange, were replaced by two earlier (mid-season) varieties, Dare
and D65-6647 (a high protein ine) which mature about O;tober 19
and 20, respectively. Bethel also was replaéed'by a High‘pfotein
1ine,’ﬁ62~6225vof comparable maturity. In 1968 due to érébiems
involving seed supply and diseases,'thése two high protein lines.
were replaced withbtwo modergtely high protein linés of siﬁilér

maturity, D65-2304 and D65-2367.
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v All varieties also were grown each year on undisfurbed:séil ét'
each ldcatién and seed was harvested fOr‘oil and protein determinaf
tions.

Seed were hand-harvested as they matured and threshed by a
gmg}; plot thrgsher. Sixty-gram samples of seea were submitted
to the U. S. Regional Soybeaﬁ Laboratory, Urbana, Illinois, each
year of the experimént for oil and ﬁrotein‘determinations.

Certain problems were encountered during the course of the
experimént. In 1964 the soil was first placed in the "pots" in .
April; Plantings were made withi;'six weeks afterwards which did
not azllow adequate time for the soil to settle. Davidson soil

type at Holland settled nine inches below the surrounding soil

surface and soybeans growing on this soil type at Hollard did not

~produce sufficient seed for chemical analysis. Even though this

soil type settled several inches at the other locations, the soybean
plants did survive and produced adequate seed.
In 1965 at the Orange location, additional Bertie top-soil

had to be added to the "pots." This soil when taken from Holland

““inadvertently contained enough of the herbicide, atrazine, to be

phyfotoxic to_thé young sovbean seedlings. Three plantings were .
made én this soil in 1965 and each time the plants died. Con-
.ééQuéntly, no data cduld be obtained from Bértie soil at Orange
in 1965.‘ |

In 1966 plantings were made but no data collected because at

two_of.the‘threé locations many of the plots were déstroyed by
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' wildiife. ‘The élots at éll 1qcationé were then fenced with one
inch‘mesh chicken wire whichreliminated this problem in subsequent
years.

Only one composite seed sampievwas drawn from the fbur
replications at eacﬁ location in 1964 and 1968 for oil and protein
determinations. HoweVer; in 1965 two treatment samples each being
a composite of two replications were analyzed, and in 1967 oil
and protein determinations were obrained from each of four replica-
tions at all three locationms.

Moisture was not a variable since it was kept in adequate
supply most of the time by irrigation.

Insect control wés applied throughout the growing season as
needed. In 1966 the presence of soil-éorne diseases, especially

Sclerctium rolfsii, began to appear. Consequently, in the spring

of 1967 all plots were fumigated with methyl bromide at the rate of
one pound per 100 square feet. This prevented further outbreak of
diseases in subsequent years and also aided in the control of grass

“and diseases.



RESULTS AND DISCUSSION

In discussing the results of this s£udy, it‘should be noted at
the out-set thatvﬁhe seed samples for chemical analysis were com-—
posited in 1964, 1965 and 1968. Only one analysis waé made fof
each variety and soil typé at each location in 1964 and 1968 and
two analyses were made in 1965 (composite of replication 1 and 2,
and 3 and 4). Only in 1967 were oil and protein determinations’

obtained from each of four treatment replications.
Protein

Soybeans grown on Bertie sandy clay‘loém contained a higher
protein content thén when produced on either Sassafras fine sandy
loam or Davidson clay loam when averaged over four varieties and
three locations for 1967 and 1968 (Table I). In 1964 no comparison
was made with Davidson soil but in that year soybean seed grown oﬁ |
Bertie had a higher protein percentage than seed produced on
Sassafras soil. Bertie soil was not used at. the Orange location
in 1965. Soybean seed grown on Sassafras soil in 1965 were higher
in proteiﬁ than those grown on Davidson soil. Soybeans grown on
Davidson also were lower in protein percentage than seed grown on
either Saséafras and Bertie in three out of fhree years tesied
f(Table I). This higher average protein content of scybean seed
produced on Bertie and lower average protein content produced on

Davidson tends to be rather consistent from year to year and

17
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Table I. Protein and oil percentage of soybeans grown on three
- soil types for four years.* ’

. Years 1964 1965 1967 1968

CSoils .. ... .......Protein ... .. .. ... .. ..
Davidson [ — 39.5 b 41.7 ¢ 39.0 ¢
Sassafras - 41.8 bt 40.8 a 42.2 b 40.3 b
Bertie 42.9 a - 43.1 a 42.9 a
Sigmwificance.. . ... .. 01 01 . 01 .05

0il _
Davidson —— 21.6 19.8 a 20.8 a
Sassafras - 20.0 21.5 19.8 a 21.3 a
Bertie 19.9 - 19.3 b 1.6 b
 Significance =~ N.S. .. . N.5. . .01 ...01

#Averaged over four varieties and three locations each 'year:
+Values followed by the same letter within a column are not
significantly different.
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location fo location (Tébles I, Ii, 111, IV,vV, énd‘VI};, Even thé>
‘locations where difference in protein percentage cannot.be con—“,
sidered‘statisticaily valid showed the same trend in every instance.

There Was‘é highly significantvsoil X variety interaction in
1967A(Appendix Iablé IX), the only yearvthéﬁ pfotein»percentage was
availaﬁle from each of the four replications at each location.

Thus, under the conditions éf this study, in 1967, all varieties
did not respond similarly>to'the three sQils‘at each 16cation with
respect to protein'ﬁercentage. Other examples of variations in
protein percéntage of tﬁe seed bngéﬁe varieties on different soil
types were indicated. Iﬁformation on this differential variety
response with respectvto protein percentage of soybean seéd due to
soil type was not found in the literatufe and cannot be explained
from this Study,

The pronounced effect of soil type on the protein‘percentage of
soybean seed is somewhat contrary to the conclusioné of other workeré
whovhave attributed‘little or no significance to the effect of soil
type on chemi¢31 composition (2; 8, 32). Garner et al. (8) grew
Soybeéns in potsvwith soils from-different locations and concluded
‘that the relative effects qf different soil types are not specifié
and'constaﬁt,,but‘depend iargely on seasonal conditions. ‘Viljoen
(32) arrivéd at a similar cdnclusion from his investigations. Cartter
“and Hopper (2) concludéd "...thaﬁ climéte is the more important in
its effecfs of thé two faﬁtors, soil and climate, ﬁhat go to make

up the location effect." Im studies conducted prior to 1947, United



0

Protein percentage of four soybean varieties grown on

N.S. .

N.S.

N.S.

- N.S.

Table II.
: three soil types at three Virginia locations. 1964.
.Varieties......Bethel4.;.AC1ark Lee Ogden . Avg.
Soils .. . ... . L. Orange
Da&idson 38.3 42.1 39.1 39.9 39.9 b*
Sassafras 40.9 41.3 40.1 41.9 41.1 b
Bertie 44,2 43.6 41.8 42.9 43.1 a
Avg. - 41.1 42.3 . 40.3 41.6
N.S.% N.S. N.S. N.S.
.......................... Warsaw
" Davidson 41.2 40.7 £0.3 39.0 40.3 b
Sassafras 40.9 40.9 41.5 40.7 41.0 b
Bertie - 43.1 42.7 - 41.1 41.6 42.1 a
Avg. 41.7 41.4 41.0 40.4
N.S. N.S. N.S. N.S.
) - .Holland. e e e e e e e e e
‘Davidson - ———— - - ———
Sassafras 41.6 41.7 44.3 45.2 42.2 N.S.
Bertie 43.3 44,0 - 42.5 44,3 43.5 N.S.
Avg. 42.4 42.8 43.4 447
N.S. N.S. N.S. N.S.
__Orange & Warsaw -
Davidson 39.8 41.4 39.7 39.5 40.1 ¢
Sassafras 40.9 41.1 40.8 41.3 41.0 b
Bertie 43.7 43.2 41.5 42.3 42.7 a
Avg. 41.5 41.9 40.7 41.0

*Values followed by the same letter within a column or horizontal
average are not significantly different; "N.S." indicates not,
significant (p=.05). :



* Table III.
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"Protein percentage of four soyhbean varietiés gr6wn
on three soil types at three Virginia locatioms.  1965.
Varieties Bethel Clark Lee Odgen Avg.
Soils Orange
Davidson 37.2 ©39.9 36.3 39.2 38.1 b*
Sassafras 39.5 41.5 - 38.8 42.7 40.6 a
Bertie —— —— ——— —_— —_——
Avg. 38.3 ' 40.7 37.5 40.9
b* a b. a
Warsaw
Davidsor 38.8 40.1 . 40.9 41.5 40.3 N.S.
Sassafras 40.0 42.4 41.6 42.3 41.6 N.S/
Bertie 39.2 43.3 40.4 43.4 41.6 N.S.
Avg. 39.3 41.9 40.9 42.4
b a a a
Holland
" Davidson 40.2 39.7 £0.2 40.4 40.1 b
Sassafras 39.9 32.7 41.4 39.8 40.2 b
Bertie 41.3 1.9 43.8 43.1 42,5 a
Avg. 40.5 40.4 41.6 41.1
N.S N.S N.S. N.S.
Warsaw & Holland
Davidson 39.5 39.9 40.5 40.9 40.2 b
Sassafras 39.9 41.0 41.5 41.1 40.9 b
Bertie 40.3 42.6 42.1 43.3 42.0 a
Avg. 39.9 431.2 41.3 L1.8
b a a a

*Values followed
average are not

significant (p=.05).

by the same letter within a column or horizontal
significantly different; "N.S." indicates not



'2HF_Téble Iv. Protein percentace of four soybean varletles grown on
. three soil types at three Virginia locatlons._ 1967

1_ioVarietieé oD62¥6225;1€  Clark ' ‘D65f6647 g'" Dére f vo ”Avg;ti‘:

Soils . oramge

 Davidson = 41.9 . 39.5 . 46.4  37.3 . 41.3
© sassafras  42.7 ' 39.3 44,8 39.5 . 41.6
.. Bertie 44,0 410 47.9 3 3.

m oo | |

CAvg. 42,9 39.9 464 386

‘Davidson - 42.5  39.6 . 48.7  37.5  42.1
 Sassafras  43.7 40, T48.70 1 38.3 42,
Bertie » 43,0 39.8 48.5 k.. 38.7 42;5f

o

Davidson = 40.9 40.0 47.3  38.4 41.6 c
Sassafras. . - 42,1 . 42,3 45,9 - 38.9. 42.4b
~Bertie 43,1 43,0~ 48.1° . 40.6 43.7 a

w
0

O

= SRR
t S
e ‘ -
o6

CAvg. .42.Qg”v';';41.8}”[f"' 7.2 39.3

Davidson  41.8 39.7 475 37.7 0 417
- ‘Sassafras .~ 42.8 . 40.6 - 46.6 . 38.9 . 42.2Db
Bertie . . 43,4 0 41.3 . 48.2.  39.5.  43.1a

oo |

S Ave. 42060 405 474 38,

Ny f*Value& followed bV the ‘same 1etter w1th1n a column or horlzontal]j f
o average are not 81gn1F1cant1v dlf‘erent (p— 05) S : RO




. Table V. _
el “three soil types at three Virginia locations.

‘Pfoteinfberéeﬁtége'éf_fdﬁr.Sbeéén:Vafiéfies‘grown’dn SR
1968. - -

Varieties

D65-2304

'Clarkf_vv7D6572367”>57 Dare

A&gui

 Soils

. Orange

DaVidsqn

" Sassafras

- Bertie

Avg.

Davidson -

Sassafras

© Bertie

.Ang =

-~ Davidson
Sassafras

Bertie'

L Dav1dson
. Sassafras
. Bertie

’Aﬁg{

e . S S
TONS o e

SR I T 1 ARV I S
NeSwi ./ ;N S- NS,

ﬁf?Warsawv

B T T P AP S

0.5 . 41.0 - 35.8
4

C40.1 0 39.9 381
S N.S. o N.S. . N.S.

1.6 39.9

R R R

4.6 408 38.

__Holland

38.6 39.6 - 36.0
S L4005 0 38.3
4207 0 4204 . 41.3

 0range;'WafsaW & leland 5

(v oI

_average are not 81°n1f;cantly dltferent, "N S Lndlcateo not
51gn1f1cant (p—.05) < B SR

t]‘f*Valuos followed by the same 1etter w1th1n a column or horlzonLal
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- Table VI. Protein and oil percentage of soybeans at three
Virginia locations for four years.*

Years 1964 11965 1967 1968

Locatibns v v Protein
Orange . 41.3 = 42.0 bt 42.3
Warsaw 41.1 41.1 42,4 a 39.8 b
Holland —— : 40.9 42,6 a 40.0 b
Significance N.S. N.S. : .01 .01
0il
Orange 19.5b . -——- 19.5 b 19.1
Warsaw 20.3 a - 21.3b >>19.5 b 20.7 b
Holland R— 22.0 a © 19.9 a 21.8

Significance .05 - .05 .01 .01

*Averaged over four varieties and three soil types each year.
tValues followed by the same letter within a column are not
significantly different.



25

Statés Départmenﬁ of Agriculfure worke;s,(205bconéludéd;.ﬁln ;ﬁéégl
studies the inherent characteristié'of the variety was the most |
important factor iﬁ determining the protein‘coﬁfent. Changes in-
séil fertility aﬁd seasbnsvdid not greatly influence the relative
'standing’of the Qarietiés withx;eferénce.t0vprotein". ‘They also
concluded that "Diffefeﬁcés in climéte were more important in
their éffecﬁé on oil content than differences in soil".‘ They‘did
- not conclude that élimate was more impoftant'than soil on fhe
protein céntent of soybeans, howevef. Howell aﬁd Cartter (12) in
greenhouse experimenté concluded ;ggt by increasing day temperature
ffbm 70° to 85°F; a substaﬁtial.increése in the oil conteht:of'
soybean seed would result but that temperature exerted very little
inflﬁence on the protein or non—proteiﬁ nitrogen éontentlof soybean
seed. |

The data in this experiment indicate that soil type does affect
protein percentage and that varieties respond differentially_to
the effect of soil type on protein percentage.
| The effect of location on the protein percentage of soybean
seed was less pronounced and nbt.as consistent-as‘was the effect
of soil fype (Table I énd VI). Location héd'littié or no effect
on profein percentage in 1964»and,1965, but in 1967 SOybeansvgrown
at Orange were significantly léwer in protein percentage than those
grown at‘Holland andFWaréaw. waevér,>thé reveréé was true in
1968, with soybeans grown at OIaﬁgé being.thekhighest in‘proteinb.

percentage. This inconsistency at the different locations from
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léne year t;'thé néxt ﬁéy havé been affected somewhét by the suB—
Stitution in 1968 of two moderately high pfotein lines for two
ﬁigﬁ.protein lines that were grown invl967} but these substitutions
Woﬁld be minor aé compéred.to the effect due to environmental ‘ |
differéﬁces. |

There was a 10cation’x variet? iﬁteraction in two of the four
years (Appendix Tables IIIband IX).‘ Varieties apparently responded
differentially to locations with respect to proteiﬁ.percentage ofv
the seed. Several 1ite%ature citations indicate that logatioﬁ does
affect protein content of soybean éeéd (2, 8, 12, 20) but in every
case ekcept one this location effeét was explained on the basis of
climate; especially témperature during the pod-filling stage. No
reference concérning this effect on oil percentage for varieties
grown at different locations was found. "The high protein content
...1is attributed in part, to high temperatures during the summer
and fall.f." (8). Smith et al. (24) working with six variefies,
five planting dates at four locations shcwed an apparent location
effect on protein percentage. The low mean protein.percentage was
obtained at the 6range location while the highest percentage was
obtained at Holland. They offered no explanation for these
differences. |

Varieties used in this study were changed at the beginning of
the third and fourth years. Thersfore, no direct coﬁparisons of
'varietiés averaged over yvears can be made. ﬁowevér, in 1967

there was a variety x soil interaction as previously discussed
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: (Appendix iable IX).vrInteracfions bétween.varieties énd 1océtions,
tgmpératures and dates of planting are citediin the literature
(11, 20). 1In this study the D65-6647 strain of soybeans in 1967
produced the least protein percentagg when grown on Sassafras soil J
at two out of three locations while the other thfee varieties tested
were lower in protein when grown on Davidson soil (Table IV). |

In 1968 three out of four varietiés were very consistent in
their response to soil type at all locations; Seed produced on
Davidson and Bertie SOilsvcontaineﬁwthe highest and lowest protein
percentage, respectively, with seed produced on Sassafras being
intermediate. The Dare variety with respect to proﬁein content res-
ponded similarly to the other varieties at the Holland location;
but at Warsaw and Orange, seed of Dare contained the least protein
vpercentage when grown on Saséafras soil. This response of Dare to

Sassafras soil at Orange and Warsaw was not obtained in 1967.
0il

In this study soybeans grown on Bertie soil contained a lower
0il and higher protein percentage when averaged over four varieties
and three locations than seed grown on Sassafras or Daﬁidson soil
(Table I). However, no real difference in oil»peréeﬁfagé occurred
between seed produced on Sassafras and Davidson 3011{ This lower
oil percentage from seed produced on Bertie was consistent for
five oﬁt of six observations made in 1967 and 1968 (Tables IX and

X); but there was no difference in. oil percentage due to soil at



fany locatlon in 1964 and 1965‘(Tables VII and VIII) 801ls had

a very deflnlte effect on 011 percentage 1n thls study altnough it“‘

7: ;was not con91stent from year to year.‘ lhese results generally agreeffi;s”’ff"

~%3vw1th the 11terature whlch usually lndlcates less 1nf1uence on’ the o

.f.oil content of soybeans by 3011 than from other factors, 1nc1ud1ng;w

=

- climate and genotype, and 301ls had 1ess effect on 011 percentage

:ﬂ.:than on proteln (Tables I and XI)

'”7 The effect of locatlon on 011 percentage (Table Vl) was. more L

".;con31stent than 1ts effect on proteln percentage.g Soybean seed

i f,produced at Holland had a hloher 011 percentage each year than seed } .

7?} from Warsaw and Orange .and seed from Orange had a lower oil per—ul'_ »v_:vm

rcentage than.seed from Warsaw 1n two'out of three years with the '
:¥'01l pertentage belng equal at the two locatlons the thlrd year.‘, -
Locatlon also had a more cons1s ent effect on. 011 percentage

nhV'from year to year than 5011 type. Thlb con31stent locat1on effect

L from year to year 1s probably a result of cllmatlc dlrferences. - The ,f'"

;?vlllterature generally cred1ts temperature as. belng the domlnant’
'fj“factor affectlng 011 percentage from one: location to another fi 10 o
11, 12) “ s P '

| The varletal effect on oll percentaoebwas‘pronouncedveach year_f
T'fof the experlment (APPendlr Tables VII VIII IX and X) and was. ‘;:_;“

Ijthe most 1mportant factor affect1ng soybean 011 pertentaoe.' B

L Varlety X locatlon 1nteract1ons occurred 1n onl y one out of four_f““!;‘"
f:years (1Q64) as dld varlety x SOilS (1967) Under~the condltlons B

i of thls study, varletles had a 31gn1f1cant effect on the 011




Table ViI. 0il percentage of four soybean varieties grown on
three soil types at three Virginia locations. 1964.
Varieties Bethel Clark Lee Ogden Avg.
Soils Orange
Davidson 22.7 20.1 18.2 17.2 19.6 N.S.
Sassafras 21.9 21.5 18.1 16.9 19.6 N.S
Bertie 20.5 19.9 18.0 18.3 19.2 N.S.
Avg. 21.7 20.5 18.1 17.5
a* a b b
Warsaw
Davidson 21.1 21.0 18.9 20.8 20.5 N.S.
Sassafras 21.3 21.4 18.6 19.3 20.2 N.S.
Bertie 20.2 21.1 19.5 19.8 20.2 N.S.
Avg. 20.9 21.2 19.0 20.0
a a b ab
Holland
Davidson ——— ——— —_— — —
Sassafras 21.8 22.2 18.1 19.2 20.3 N.S.
Bertie 20.5 20.9 19.9 19.4 20.2 N.S.
Avg. 21.2 " 21.6 19.0 19.3
a a b b
Orange & Warsaw
Davidson 21.9 20.6 18.6 19.0 20.0 N.S.
- Sassafras 21.6 21.5 18.4 18.1 19.9 N.S.
Bertie 20.4 20.5 18.8 19.1 19.7 N.S.
Avg. 21.3 20.7 18.6 18.7
a a b b

*Values followed by the same letter within a column or horizontal-

average are not

significant (p=.05).

significantly different;

"N.S." indicates not



ng,:xgﬁle'VIII.

011 percentage of four soybean varletles grown on vf"'
v three 5011 types at three Vlrglnla locatlons

1965. e

Varieties

Bethel

' Clark

Ogden - -

"‘JAvg. _.

‘Soils

' Davidson
Sassafras
 Bertie

. Avg.

Davidson

- Sassafras

Bertie

o ‘A&g._‘ |

. Davidson

Sassafras

© Bertie

Avg.

Davidson
Sassafras
“Bertie .

23.6
222

. ak

21.7
20.8

19.9
. 18.9.

1 21.7
20.6

L N N T

N
SO D

B TR S ST R

e LIRS
MO P

Z 22
Ctn K

e e

*Values followed by ‘the same 1etter w1th1n ‘a. column or horlzontal

P average are not . 31gn1f¢cantly dlfterent,
' 51gn1L1cant (p*.OS) : , :

'W S ",1nd1cates not Tv“i SRS




' Table IX.

011 Dercentage of four soybean varletles grown on
three 5011 types at three Vlrglnla locatlons

1967;

Varieties

i 'D6«246225’f‘_ -

_Clark

| De5=6647

" Dare

L Avgl L

Soils

‘:ibﬂrangei |

Davidson -
Sassafras

. Bertie:

‘ t?._:Aygé T

Davidson

Sassafras

‘Bertie

'AQg. ‘

'~ Davidson
- Sassafras

 Bertie

Avg.

- Davidson
- Sassafras

" Bertie

”'v'Avg;

20

| 20 !

19.

e a

o m

e}

'.*Values fo 1owed by the same- letters w1th1n a column or. ho 1zontal

verage are not 31gn1f1cantly dlfferent (p— 05)




Table X. 0il percentage of four soybean varieties grown on

three soil types at three Virginia locations. 1968.

‘Clark "

D65-2367

Dare

. Avg.

Varieties D65-2304 Avg.
Soils ,Orange |
Davidson 17.5  21.1 18.3 20.9  19.5 a%
" Sassafras 18.1 22.0 *17.8 21.6 19.9 a
‘Bertie 115.2 19.4 16.5 19.9  17.8 b
Avg. - 16.9 20.8 17.5 20.8
SRR b* . a b a
‘Warsaw ,
Davidson 15.7 23.3 20.8 22.9  20.7 N.S.%
~ Sassafras 19.0 23.5 £ 20.0 23.5  21.5 N.S.
Bertie 17.4 21.3 19.0 22.3 20.0 N.s.
Avg. 17.4 22.7 19.9 22.9
: ‘b a b . a
Hoiland ‘
“Davidson 18.6 23.7 $21.0 25.2 22.1a
Sassafras 19.3 25.1 20.7 25.0 22.5 a -
Bertie - 19.1 123.3 19.1 21.9  206.9 b
19.0 24.0 1203 24,0
b a b a
Orange, Warsaw & Holland .
Davidson 17.3 22.7 20.0 23.0  20.8 a
Sassafras 18.8 23.5 19.5 23.4  21.3 a
. Bertie 17.2 21.3 18.2 21,4  19.5 b
Avg. 17.8 22.5 19.2 22.6
” v b a. b a

© #*Values followed
- average are not

‘significant (p=.05).

significantly d

by the same letter within a COlumn_or'hérizontal”j”
ifferent; "N.S." indicates not
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Table XI. Protein and oil percentage of soybeans grown
‘on three soil types at three Virginia ‘
locations.* ’

Soil Types vbavidson i Sassafras ‘Eertie
.Locations | + Protein
Orange | 40.0 , 411 Jp—
Warsaw _ 40.2 41.3 41.4
Holland — 4.9 43.0
0il '

~ Orange | : A‘ 26.2 - 19.9 " | ;?——
Warsaw 20.6 2007 | 20.2
Holland e 21.3 -: 120.5

’

*Averaged over four years and four varieties each year.



':f?i'percentage of soybean seed and they responded 81m11arly to 5011

- type and 1ocat10n wlth respect to 011 percentage in two of the four f |
“years tested._ Tables VII VIII IX ,and X llst the oil percentage

for each year by ind1v1dua1 locat1ons, varletles and 3011 types. .

These data 1nd1cate that 1nd1v1dual varletles dlffered in: 011 per—
' centage-ln»two out of~four years at allxlocatlons andﬂsorl type':

'affected oil percentage in only two out of four years (1967 and

' 1968) eycept at Warsaw in 1968 where 3011 type d1d not affect 011

fpercentage.

Table XI shows thekayerage oil and protern content o; soybeansv

'.produCed onvthree‘301ls”at‘each of three locatlons,! The h1ghest 011
:,jpercentage 1n this: study was obtalned‘at:the holland locatlon. At :
Fthls locatlon soybeans grown on Sassafras were hlgher 1n 01l

percentage than when grown on Bert1e.\ Dav1dson 5011 1s not included '

. in the average oil percentage in thls table although Dav1dson Lended

to be lower 1n 011 percentage in the years (1065 1967 and 1968) at
locatlons on whlch soybeans were grown on it (Tables VIII ‘IX and

| 3The‘oil and’protein contentffor*all yarietlesrgrown_on disturbedj
and Lnd1sturbed Bertle 5011 at HollandVISassafras 3011 a* Warsaw,’l.:
’h‘and Dav1dson 5011 at Orange 1n 1965 1967 and 1968 are glyenlln

‘Table XII. In general, the 011 and proteln content for seed from

the dlsturbed and undlsturbed_s01ls‘at the threerlocatlonshcomparei:p'f:dt

" favorably.




TeBle”XIi.i Proteln and 011 percentage ‘for: soybeans grown on
T . ‘three disturbed* and undisturbed soils at three
S Vlrglnla locatlons. 1965 1967, and 1968.g

“efDiStﬁfBed~E5'7‘eff;”” .ﬁiUndlsturbed

' Soil type

" & location :v”_"f-"tﬂ'vl9_v677'vi968‘j‘Avg;: - 1965""1967 1968

Proteln

;;wDavidéon'@IOrangé'eif
- Sassafras @ Warsaw . .
. Bertie @ Holland . -

" Davidson @ Orange. =~ 21.
- Sassafras @ Warsaw .
‘~Bertie @ Hollandli“.”l‘.

5,¥Refexsito'sbiljthat hadubeen mQQedftBﬁeach.1dcafiqnfehd‘pleeed"
ﬂrpo;s? fashioned by digging holes and lining with polyethylene.




SUMMARY AND CONCLUSIONS

A‘studf Waé conducted for four-yéaré to determiﬁe tﬁe effect
of ﬁhree soils at each of-three Virginia‘locatidns on the:bil
and prétein cénteﬁt of different soybean véfieties. Soybeans wéré
grown in plastié lined-"pots"vfashioned byvdigging holes 14 inéhes
'invdiameter'and 48 inches deep. Root growfh was restricted to
the "pots"‘By plastic liners on the sides and‘copper‘mesh wire
covering the bottom of éach hole. Each soil’waé placed in the
holes as near fo its original pééﬁtion as possible.

Soybeans grown on Bertie sandy clay loam contained‘a higher
protein and lowef cii percentage than when produced on Sassafras
fine sandy loam ér Davidson clay loam. Soybeéns grown on Davidson
were lower in protein pércéntage than soybeans growﬁlcn Saésafras
but there was no difference in 0oil percentage. |

Soybeans grown at Hoiland contained more oil than when gréwn
at Warsaw or Orange; and soybeéns grown at Wargéw COntained~m6re
oil than when grown af Orange.

The locationveffect on protein was signifiéant in ohly two out
of four years. in 1967,vthé proteih pércentage«vas significantly
lower for soybeans‘grbwn_at Orange but the revérgg wés‘tyue in
vl968 when brotein pérceptége was higher at Qrange tﬁan aé the other
two locatiohs. Of the two factors, soils and location;ASOils ﬁad
© a more éonSistgnt effect én the protein perceritage. Both soilvand
location effect on Oii percentage wasvconsistent but of 1owér

.maénitude than effects on protein.

36
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Théfé wég»abldéaﬁibﬁw$ &afiegy’éﬂdIS§iislxbvérieﬁ?’iﬁtefggtioﬁ o
'for‘bothvoil ;nd §roteiﬁ bércentagéf ” | o = o

Undér_the cohdifioné dfuﬁhiéLétﬁdyTbogh.ééil’fy;éhéﬁd leétion 7LS
affectedﬁthekoilyand prqtéiﬁ cbﬁteﬁtAdf éoybeai;sf Séil‘type éffecté&w
protein pércentége.m&ie than ioéatioﬁ wﬁile oilvpercehtéée was |
affected more by ibéations. 'Varieties responded differéntially

" to soil type and location.
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Appendix Table I.

42

Certain physical characteristics of three
- disturbed* soil types at three depths.

Soil separate percentages

Depth of . : S Bulk
- sample Sand sizes: _ - .. Total ' den- -
Inches VC 'C‘ M _F VF Sand Silt Clay  sity

Sassafras
0-10 1.03 12.00 22.70 11.60 2.70 50.00 35.97 14.00 1.44
10-20 .50 6.93 25.26 14.93 4,13 50.83 31.87 17.30 1.59
20-48 47 6.86 24,53 - 15.40 4.33_ 51.63 30f43 17.93 1.58
" Davidson
0—10- 1.23 1.93 3.27 5.20 2.50 14.17 47.30 35.20 1.17
10-20 .74 .80 1.40 2.23  1.53 6.37 28.90 64.73 1.16
20-48 .20 .67 1.37 2:.23 1.60 6.06 28.93 65.00 1.15
Bertie
0-10 .30 .93 12.97  38.27 6.00 58.50 30.97 10.53 1.26
10-20 .00 .30 10.43 36.93 5.50 53.17 30.60.10.23 1.63
20-48 .00 .30 10340 38.30 5.30 54.16 30.27 15.57 1.56

*Samples were taken from soil that had been moved to each lecation -
and placed in "pots" fashioned by digging holes and lining with
polyethylene. ' '



g T

- Appendix Table II.  Certain'physical'characteristics of three
o w0 : undisturbed soils at various depths.

- Soil separate percentages

T - Sand sizes °© - Total Bulk -
. - Depth - - o o den-
 Horizon Inches VG ¢ M F___VF  Sand Silt Clay sity
f  " Sassafras
Ap 0-10 .5 8.0 26.8 15.7 4.3  55.3 33.9 10.8 1.69
~B{  10-16 .5 6.8 23.8 13.6 9.0  48.7 37.0 14.3 . 1.60
. By 16-30 .5 5.7 19.8 11.7 3.4  41.2 37.5 21.3  1.67 =
B3y 30-38 .4 7.3 29.0 20.1 5.3 62.1 21.2 16.7 1.77
Bx  38-48 .9 10.2 33.3 18.3 6.0  68.7 16.4 14.9 1.78 . . <
B3y 48-60 .6 7.7 30.9 18.7 6.6  64.5 15.6 19.9 ===
B3  60-66 .9 8.0 30.2 19.0 5.9  64.0 13.9 22.1 -———
‘ ‘ : Davidson ° e L
Ap - 0-12 .7 2.2 3.0 3.7 2.7 12.2 47.5 40.3  1.25
By 12-30 .6 1.4 - 1.8 2.3 1.8 ‘7.9 36.2 55.9 1.35
By;  30-46 .4 1.3 1.8 2.3 2.4 8.0 30.2 61.8 1.29
By,  46-66 .7 1.6 1.7 2.2 2.2 8.3 26.8 64.9 -
Bert;e
Ap 0-8 .04 .62 9.41 51.51 9.58 71.15 20.72 8.12 1.55
By;  8-17 .00 .76 9.33 47.27 9.90 67.26 18.00 14.73 1.82 -
By,  17-23 .05 .94 10.57 47.30 8.46  67.32 18.51'14.17 1.80
By 23-32 .03 1.42 11.36 56.01 8.06 76.88 15.57 7.55 1.80 -
1 32-37 .00 .97 11.93 57.37 8.40  78.66 17.60 3.74 1.78
Ch = == mm---- ‘- = -.- Not sampled = = = = = = == = = = =




Appendix Table III.

W

Analysis of vgriance for'prbtein and oil
percentage, Orange and Warsaw. 1964.

,'Source : Protein 0il

f variation df v MS F MS F
Variety 3 1.71  2.19 11.99 21.04%5%
Soil 2 13;29' 17.04%% .23 —eme
Location 1 24 -  3.92  6.88
Location x variety 3 1.35  1.73 2.79  4.89%
Location X soil 2 1.08 | ,1'38 ’ ;10 ————
Variety x soil within 12 78 : . .57

location” :
23

Total




Appendix Table IV. Analysis of variance for protein
percentage at three locations. 1964.

Source

Warsaw. -

» ‘,%Orange _
of variation . df MS F Ms . F
" Variety 3 2.09  1.88 .97  2.11
Soils 2 10,8 9.89% 339 7.37%
Variety x soil 6 1.11 .46‘
Total 11
| Iollénd'w
Vériety 3 2.02 b'l.03
Soils 12 e
~ Variety x soil -3‘j 1.97 B
Total |




~ Appeadix Table V.

Analysis of variance for oil percentage
‘at three 1ocat10ns.v 1964 s

- Source
of variation

. Orange ‘ Warsaw

4 . " ¥s. _F . MS ¥

Variety
Soils
* Variety x soil

 Total

| Variety

Soils

- Variety x soill:

Total

3 11.92  15.28%% - 2.86 8.17%
2 21 —é—éi . “,12 ——e

6 78 L35

 :11 ;

‘ fHo11and
3 3.31 3.00

3 1.10
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Appendix Table VI. Analysis of vérianCe forvProtein and'oil
percentage, Warsaw and Holland. 1965

Total

47

Source ,Prbtein» 0il

_of variation df M F M F
Reps within locations 2 .56 ——— .80 1.04 |
Treat. combinations 11  5.15  2.46% 3.84  4.99%x

Variety 7.55 3.61%  12.63 16.40%%

Soils 13.52 6.47%%  1.05 1.38

Variety x soil C 1.16 ————— .37 —
Locations 1 .47 — 4.56 ’5,92*

Treat. comb. x loc. 11 3.15  1.51  1.57 2.06

Errbr within locafion 22 2.09. .77




ni‘f:AppendixgEéble VTIE’

R

1965

Analy31s of varlance for proteln percentage
at. three 1ocat10ns. . .

- Source:
- of variation

df

 Warsaw

MS

F

.»MS

_ Holland

T

© . Reps

"~ Treat. combinations:

‘Vafiety
" Soils

Variety xisoile
f Error |

‘Total

:, Reps
'Treat:.eombipations
Variety
Soiie
‘ Vafiety X soil
'.kEftof

Total5:

11

11

23

15

.77

457
;i9‘9°
f4;21
1.53

1.24

3.68%

8.79%%

' 3.40

1.23

.08

8.71

11.60

24.26
.65

1.80

3.73

2.33

14.66

.78

294

1.27

4.99%




;1H’Appendix Table VI;I-

.Aﬁalysis of-vérianCé:for‘bil
. at three locations. 1965,

percentage

- - Source
- of variation

i 3

 Warsaw

MS

”;Fov» j

 E'Ho11and ';. f

MS ; ”.A’,‘;F;_‘ :

Réps
Treat. combingtisns
~ Variety o
Soils H
Varie&y x‘sdil
Efrof.‘

Total

'Reps 

- Treat.. combinations

: Variety‘j-
‘Soiiéffi

f‘f Véfietyvx’soila'
:E;ror‘ J |

Tdtal_

.f: 1

: i11 

23

15

A7:2;sd  :
J?lﬁ

'f_.22;

2.42
REL

‘14;42**‘¢

.60

~ 'Orange

oy
s
 'ff8;3o,-

e
‘,63"”’

.39

' 3.69

21.28%%

,  12.41** ;:

291 304
,;:.9166v   §}6§*% 
©118 1.6

Sl e

10.92%%
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Appendix Table IX. Anélysis-of variaﬁée for protein énd oil
: percentage, Orange, Warsaw and Holland. 1967.

Source

‘Protein

_0il

of variation af MS E MS F
Reps Withiﬁ'location 9 1.14 3.26%% v‘.31‘ 1.72
Treat. combinatiénsr 11 144,80  413.71%% 30;38‘k 446;55**>v
' Variety 3 509.61 1456.03%% 289.86  1610.33%%
Soils 2 23.89  68.26%%  4.88 27.11%%
Variety x soil 6  2.70 7.71%% .82 b.55%%
Location 2 5.06  14.46%% 2,34 13.00%%
Loc. x treat. comb. 22 4,47 12.77*%‘ .85 4.78%%
Error within location 99 .35 .18'

Total

143




.Treat. combinations 1l . 4.26  10.92% 2.50  4.17% 2,91 . 3,10%

' Appendix Table X;’ Analysis df'variéﬁce.fpr protein and oil;béfténtage at threé;loéations.i'IQGf:? 77ii' S

S _ _ L , Protein S _
Source e . Orange , Warsaw  ~ __  Holland
0f~variatibn»j oo df MS. . F . Ms F T MS‘ o F

CReps . 3 05 e .83 2.76 - 2.55 5.93%%
~.Treat. combinations ' 11 - 42,90 138.39%% 70.25  234.,17%%  40.58 94,37%%
Variety S '142.29 459.00%% 255.33  851.10%% . 133,47 310.40%% = -
Soils _ 13.45 43,39%% 1.62 5.40% - 17.16 ~39.91%%
.. Soil x variety _ . 3.04 9.81%% - .58 . 1.93 o 1.94 4, 51%%
- Error : .33 : .31 ' : .30 : WA T

()30 SR OL]

_\“Total N Y

0il -

Reps .~ 1 1.4 3.69 . 1.45 . 2.42 .15 ==

©8.30  21.28%* 8,65 14.42%% 9,06 . 9.64%k i
~ Soils PR L huB4 12.41%% Sl == 1180 1260
. Variety x soil . W03 e W22 e BT e T T T
Error - . 011 U39 60 e

-+ Variety -

N W

e R g




Appendibegble XI.

~Analysis of variance for protein and oil

percentage, Orange, Warsaw and Holland. 1968,
:Sourcel, , 'Prdtein 0il
of variation df MS F MS F

Variety 3 6.80 - 5.40%% 52,35  75.87%%
Soil 2 47.98  35.08%* 9.80  14.20%% -
Location 2 22,48 17.84%% 24,01  37.80%%
Loc. x variety 6 1.10 —_— ;68 ——
Loc. x soil ;4f 1.21 L m—— .28 ——
Var. x soil within 1.26

location

‘Total

18

.69




© Total 1

Appendix Table XII. Analysis of variance for protein and oil percentage at three '
o locations. 1968. ' » : ‘ :

‘ AT _Protein
Source s Orange - ' g Warsaw : v __Holland
-~ of variation df - MS + - F ’ MS. F _ MS .

Variety . 3 .93 1.08 4.87  1.86 . 3.21  10.35%*

Soils = 2 20.96  24.37%% 12.62  4.82 16.80  54.19%%

Variety x soil 6 ; ;86 - o ’ 2¢62~ ;' e o W31
Total 1

01l

Variety 3 13.02 62.00%% 20,54  19.75%%  20.16  24.89%%
 Soils 2 5.06  24.00%%  2.26  2.17  3.06  3.77

 Variety x soil’ 6 .21 B Y - 1




bAppéﬁdiX’Téble XIII.  Cliﬁatic conditions at thfee-Virginié v
S e locations for two months preceding soybean
maturity. 1964, 1965, 1966 and 1967. "

Location R 'Oréngé ’ +  Warsaw L Hblland.:  »
Months : Aug} : (Sept. . Aﬁg. "vSépt, Aug. Ségt. '
, Yéars - , | Avérage monthlj maximum* _
1964 - 84.1 79.3 84,1 79.5 - 83.2 80.0
1965 85.8 81.3 86.9  82.8 87.2° 83.2
1967 82.4 75.5 , -83.2  77.4 84.3 - 77.5

1968 87.2  80.3 8.5  8lL.6 89.7 82.2

Average monthly minimum®

1964 61.9 63.8 .56.8 64.2

, 55.7 60.0
1965 62.8  58.5 647 601 652  6Ls
1967 | 62.7  51.5 65.6  53.5  65.1  53.3
1968 . 65.6  55.2 66.5  55.6 67.7  56.4
| Monthly average# o
1964 73.00 67.5 . 74.0  68.2 -  73.7  69.3
1965 74.3  69.9 75.8 71,5 . 76.2  65.4
1967 72.6  63.5 744 65.5 74,7 72.4
1968 76.4 - 67.8.  71.5  68.6 78.7  70.0
No. days abéve 90°F.
- 1964 8 6 6 2 4 0
1965 1 5 11 6 8 0
1967 1 0 2 0o 5 6
0 171 20 0

1968 16

 #*Degrees Fahrenheit. = E
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‘:i'Efféct>°£;S°iiiTY§é?and Location on the Protein =
- and O0il Percentage of Soybeans (Glycine max L.)

- Abstract

/:Afstudytwas_COndncted for four years to determine thefeffect'of:f'f

: ffthree_soilsfat:eachfof three Virginia 1ocationsjon“the protein andboil*}:;'*

vcontent of nlfferent soybean varletles.v Soybeans were‘grownvln v
."'?plastiC'Lined_‘pots fashloned by digglng holes 48 1nches deep and
‘"':;i4*inchesafn”dianeter.; RooL growth was restrlcted to the pots by
liplastlc 11ners on the 31des and’ copper nesh w1re coverlnghtne bottom gd
;iof’eachfhole;‘bEach SQil was,placed»in,the holes,aS~near toSits b
”Vlorigfnal p051t1on as posslble.. |
Under the condltlons of this study, both 3011 typelandvlocatlon
:;affected the.01l and prote1n=content of‘soybeans. 3011 type affected |
»fprotern percentage more than 1ocat10n but oil percentage was- affected:f-
?l; more by.locatlogs-, Varletles responded dlfferentlally to.5011 type l;'
v,;and iocatfon.:gr | - :
Soybeans grownbon Bertle sandy clay 1oam contalned abhlgher
bf;proteln and lower 011 percentage than When grown on’ Sassafras or e

:fffDav1dson 30113., Soybeans grown on Dav1dson s01l were lower ln proteln'ffv

:fpercentage than Whendgrown on: elther Sassafras or Bertle 3011

R Locatlon affected proteln percentage 1n:two out‘of fonr-years :
h)iand oil percentage“each year.t Soybeans grown.on the>sonthern-most
i,klocatlon produced more 011 and less‘proteln than When produced at’

'"Q‘the;two northern-most,rocatfons;;f
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