
ABSTRACT: Temperature and precipitation variables during
linear seed fill are known to be environmental determinants of
protein and oil composition of the soybean [Glycine max (L.)
Merr.] seed. However, the contribution of other precipitation
and temperature events during the growing season and a method
that would determine the precipitation and temperature vari-
ables most related to protein and oil concentration values of the
seed has not been fully explored. The former was evaluated by
comparing monthly temperature and precipitation variables of
the growing seasons to protein and oil data for the years 1959 to
1996 from three locations listed in the Uniform Soybean Tests,
Northern Region. The data set comprised locations from Matu-
rity Groups II and III and consisted of 186 location-years. Classi-
fication and regression “tree-based” analysis were conducted to
determine the month, environmental variable, and “splitting”
points that correctly classified most of the 186 location-years for
below-vs.-above-median protein or oil composition. The protein
concentrations from the location-years were separated into these
two median-boundary categories most readily by temperature
variables from the months of April and August. The oil concen-
trations from the location-years were classified best by August
and September temperature variables and precipitation in May
and September. The sum of protein and oil concentrations from
the location-years were best separated by August and July tem-
perature variables and precipitation in May and July. The pro-
tein-to-oil ratios from the location-years were best separated by
September precipitation and July and June temperature variables.
These data demonstrate that tree-based models can use monthly
temperature and precipitation variables during linear seed fill
and other specific months of the crop year and relate them to the
final protein and oil concentration in the seed. These results
could be used by the processing industry to estimate seed com-
position before harvest.
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In a previous paper (1) we tried to determine whether temper-
ature and precipitation variables could be used to estimate the
protein and oil concentration of soybean seed before harvest.
We selected locations from the Uniform Soybean Tests,
Southern Region whose protein and oil concentration data

were consecutively listed for the years 1975 through 1983.
We obtained the temperature and precipitation data for April
through September for these locations from the U.S. National
Oceanic and Atmospheric Administration (NOAA) web site
and constructed a number of monthly weather variables simi-
lar to those presented in Table 1. The results showed that
monthly temperature variables could be used to estimate
above- and below-median protein, oil, and sum of protein and
oil concentration in the seed before harvest. These results
were obtained by using nine consecutive years of data from
nine southern research station locations.

The understanding of how precipitation and temperature
interact to determine seed composition is limited. Yet under-
standing how these two factors interact is a prerequisite to the
challenge of managing and formulating soybean meal with
adequate protein concentration for animal feed. Previous re-
search has investigated the effect of temperature and precipi-
tation on protein and oil synthesis during linear seed fill be-
cause this is when the protein and oil of the seed are synthe-
sized and stored. However, this is also when the plant
remobilizes C and N (used for protein and oil synthesis)
formed and stored prior to linear seed fill. Since our first at-
tempt to estimate protein and oil concentration was done with
southern germplasm (determinate type growth) and nine years
of data, we turned our attention to northern germplasm (inde-
terminate type growth) to determine whether our method of
analysis would work with more years of data.

The purpose of this research is to compare temperature and
precipitation values from the months of April through Sep-
tember to a set of yearly protein and oil concentrations ob-
tained from different locations and growing years to deter-
mine whether temperature and precipitation values can be
used to classify yearly oil and protein concentrations into
above- and below-median categories.

MATERIALS AND METHODS

The Uniform Tests, Northern Region (UTs) were established
to critically evaluate the best of the experimental soybean
lines developed by federal and state research personnel in the
United States and Canada. Lines were adapted to Maturity
Groups (MGs) OO through IV. The superior soybean lines
were evaluated in the UTs at many locations; grown in repli-
cated field plots; and evaluated for yield, maturity, lodging,
height, seed size, seed composition, shattering, iron chloro-
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sis, emergence, and disease susceptibility. Results from these
tests were assembled by the cooperators and sent to a central
location, edited by one of the cooperators, and published. Re-
sults from 1959 through 1996 were chosen for this study.

The number of testing locations reported in the UTs varied
between MG and year. Three testing locations were chosen
because they were the most consecutive and were located in
some of the principal soybean production states in the United
States. These locations were Ames, Iowa (42°02′N, 93°62′W),
Urbana, Illinois (40°1′N, 88°2′W), and West Lafayette, Indi-
ana (40°44′N, 86°91′W). These three states produced 42.5%
of the soybeans in the United States in 2000. The superior
lines were tested at all locations. Protein and oil data were not
listed consecutively; therefore, none of the locations had pro-
tein and oil data for all of the selected years. The published
references to the data used here (1959 to 1996) and the coop-
erators that gathered the data were listed in a previous publi-
cation (2).

Protein and oil concentrations were determined from a
composite sample of replications of the line at a location and
reported on a moisture-free basis. The methods of analysis for
protein and oil concentration changed as newer methods be-
came available and included the Kjeldahl method, NMR, IR
reflectance, and NIR transmittance. The chemical analyses
were performed at the National Center for Agricultural Uti-
lization Research (changes in the name have occurred),
USDA-ARS, Peoria, Illinois. Protein and oil were reported
on a percent (dry wt) basis and converted to SI units. Sum of
protein and oil concentration was the sum of the individual
entry values for protein and oil. Protein-to-oil ratio was de-
rived by dividing the individual entry for protein concentra-
tion by its oil concentration.

A different number of elite soybean lines were evaluated
each year. The number of lines evaluated was different for
each MG but was the same for each location within a MG.
The data obtained from these soybean lines were used to cal-
culate the 186 location × MG yearly means (location-years)
for each seed composition variable: protein concentration, oil
concentration, sum of protein and oil concentration, and pro-
tein-to-oil ratio. For ease of analysis, values for each seed
composition variable were divided into two “object classes”
(above-median or below-median) and each location-year was

assigned to the appropriate class. Median values for each seed
composition variable were: 406 g kg−1 for protein concentra-
tion, 215.1 g kg−1 for oil concentration, 621.6 g kg−1 for sum
of protein and oil concentration, and 1.888 for protein-to-oil
ratio.

Weather data for these locations were purchased from the
NOAA web site (http://www.noaa.gov). The minimum and
maximum daily temperature and daily precipitation were ob-
tained for April through September. Weather variables were
calculated as in Table 1.

The data were analyzed by the S-Plus software tree-based
models implementation, (3) of the Classification and Regres-
sion Tree (CART) binary tree-growing algorithm developed
by Breiman et al. (4). Tree-based analyses were used as a
method to determine the months and weather variables most
indicative of oil and protein concentration of the seed as pre-
sented earlier (1). A separate tree model was fitted to each cal-
culated weather variable (Table 1) for each month. Each tree
model’s binary split point provided a “boundary” to use in de-
termining how closely related location-year means on oppo-
site sides of this “boundary” were with the two object classes
(above- vs. below-median seed composition). For example,
in Table 2, April maximum temperature (April Max Temp)
had a split-point of 25.8°C. The data indicated that 65 loca-
tion-years had an April Max Temp less than 25.8°C and 121
location-years had an April maximum temperature above the
split-point value. The data also demonstrated that 47 of the
65 location-years had a protein concentration >406.0 g kg−1

and 75 of the 121 location-years had a protein concentration
<406.0 g kg−1. The tree model chose an April Max Temp of
25.8°C as the best temperature to correctly classify protein
concentration for the most location-years and was able to cor-
rectly classify (above- or below-median) 122 of the 186 loca-
tion-years. This procedure was used to identify weather vari-
ables and months most directly related to protein, oil, sum of
protein and oil concentration, and protein-to-oil ratio of the
soybean seed.

The Fisher Exact test was used to determine the signifi-
cance of the relationship between individual weather vari-
ables and object classes. Odds ratios and confidence intervals
were calculated using exact methods in SAS Proc Freq (SAS,
Cary, NC), to indicate the strength of the relationships.
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TABLE 1
Calculated Monthly Weather Variables and Abbreviations Related to Protein and Oil Concentration of Soybean Seed

Monthly weather variable and abbreviation Formula

Growing degree days (GDD) Total accumulated [(maximum daily temperature + minimum daily temperature)/2 – 10°C]
Stress degree days (SDD) Total accumulated (maximum daily temperature – 30°C)
Average mean temperature (Av Mean Temp) Total accumulated [(maximum daily temperature + minimum daily temperature)/2]/days in the month
Average maximum temperature (Av Max Temp) Total accumulated maximum daily temperature/days in the month
Average minimum temperature (Av Min Temp) Total accumulated minimum daily temperature/days in the month
Sum of minimum temperature (Sum Min Temp) Total accumulated minimum daily temperature
Sum of maximum temperature (Sum Max Temp) Total accumulated maximum temperature
Minimum temperature (Min Temp) Lowest minimum temperature for month
Maximum temperature (Max Temp) Highest maximum temperature for month
Sum of precipitation (SOP) Total accumulated precipitation for month
Rain-free days (RFD) Number of days without precipitation for month

 



RESULTS AND DISCUSSION

The data set represented 38 yr of protein and oil concentra-
tions from two MGs and three locations. The data set con-
sisted of 12 yr where all six location-years were represented;
14 yr where 5 location-years were represented; 10 yr where 4
location-years were represented; and 2 yr where 2 location-
years were represented. The calculation of the weather vari-
ables was performed as in Table 1.

An odds ratio provides an intuitive measure of likelihood,
explained more specifically below, using observed data. The
odds ratios for all weather variables (Tables 2–5) were statis-
tically significant because each 95% confidence interval con-
sisted of values above 1 (better than 50:50 odds) and, equiva-
lently, by significance of Fisher’s Exact Test for all 2 × 2 fre-
quency tables, reported under “Number of location-years.”

The median protein concentration, 406.0 g kg−1, was used to
define low-protein-concentration location-years, 369.4 to 406.0
g kg−1, and high-protein-concentration location-years, 406.1 to
438.2 g kg−1. The weather variables that best classified protein
concentration into the high and low categories were primarily
derived from the maximum April temperatures and minimum
August temperatures (Table 2). For all the April weather vari-
ables in Table 2, the odds of low (below-median) protein con-
centration was significantly greater than the odds of high
(above-median) protein concentration when April temperature
was warmer. The opposite held for August weather variables

where the low classification values (cooler temperatures) were
associated with low-protein-concentration years. The odds ra-
tios for these weather variables ranged from 2.72 to 4.26. For
example, for April Max Temp >25.8°C, the odds of low- to
high-protein concentration was (75:121)/(46:121) = 1.63. For
April Max Temp <25.8°C, the odds of low protein concentra-
tion were (18:65)/(47:65) = 0.38. The ratio of these odds,
1.63/0.38 = 4.26, is the observed likelihood of low (below-me-
dian) protein concentration when April Max Temp >25.8°C. Al-
ternatively stated, the odds ratios (Table 2) indicate that warmer
weather in April or cooler weather in August was more likely to
yield low (below-median) protein concentration than high
(above-median) protein concentration. For August Sum Min
Temp, the odds ratio indicates that cooler weather in August
(August Sum Min Temp < 500.8 C) was 2.94
=[(65:106)/(41:106)]/[(28:80)/(52:80)] times more likely to
yield low protein concentration than high protein concentration.

The median oil concentration, 215.1 g kg−1, was used to de-
fine low oil concentration location-years, 174.3 to 215.1 g kg−1,
and high oil concentration location-years, 215.2 to 235.4 g kg−1.
The weather variables that best classified oil concentration into
the high and low categories were derived from the maximum
August and September temperatures; minimum May and Au-
gust temperatures; and September precipitation (Table 3). For
all weather variables in Table 3, odds ratios indicate that cooler
weather in May, August, or September, or less precipitation in
September was each at least 2.95 times more likely to yield
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TABLE 2
Monthly Weather Variables and Classification Values That Best Separate Year Locations for Protein Concentration

Number of location-years

Classification value for for protein concentration Odds ratio 95%
Weather variablea weather variableb <406 g kg−1 >406 g kg−1 Odds ratioc confidence intervald

April Max Temp <25.8 18 47
>25.8 75 46 4.26e (2.21, 8.20)

April Sum Max Temp <501.4 39 67
>501.4 54 26 3.57 (1.93, 6.58)

April Av Max Temp <16.7 39 67
>16.7 54 26 3.57 (1.93, 6.58)

April SDD <−398.6 39 67
>−398.6 54 26 3.57 (1.93, 6.58)

August Sum Min Temp <500.8 65 41 2.94f (1.61, 5.38)
>500.8 28 52

April GDD <21.2 45 68
>21.2 48 25 2.90 (1.57, 5.35)

April Av Mean Temp <10.7 45 68
>10.7 48 25 2.90 (1.57, 5.35)

August Min Temp <16.0 55 32 2.76 (1.52, 5.00)
>16.0 38 61

August GDD <359.2 49 27 2.72 (1.49, 4.99)
>359.2 44 66

aSee Table 1 for definitions.
bTemperature in Celsius.
cOdds ratios were calculated using the 2 × 2 frequency table counts reported under “Number of location-years.”
dThe exclusion of odds ratio = 1 from all confidence intervals indicates all odds ratios are statistically significant, α = 0.05.
eLocation-years with weather values above the classification value were “odds ratio” times more likely to have below-me-
dian protein concentrations than above median.
fLocation-years with weather values below the classification value were “odds ratio” times more likely to have below-me-
dian protein concentrations than above-median.



low (below-median) oil concentration than high (above-me-
dian) oil concentration. The odds ratios for these weather vari-
ables ranged from 2.95 to 5.03.

The median sum of protein and oil concentration was
621.6 g kg−1. The median sum of protein and oil concentra-
tion, 621.6 g kg−1, was used to define low sum of protein and
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TABLE 3
Monthly Weather Variables and Classification Values that Best Separate Year Locations for Oil Concentration

Number of location-years

Classification value for oil concentration Odds ratio 95%
Weather variablea for weather variableb <215 g kg−1 >215 g kg−1 Odds ratioc confidence intervald

August SDD <−76.4 50 18 5.03e (2.60, 9.70)
>−76.4 42 76

August Av Max Temp <27.7 56 24 4.53 (2.43, 8.47)
>27.7 36 70

September Max Temp <31.9 54 28 3.35 (1.83, 6.14)
>31.9 38 66

September Av Max Temp <25.1 50 25 3.29 (1.78, 6.07)
>25.1 42 69

May Av Min Temp <8.2 67 43 3.18 (1.72, 5.87)
>8.2 25 51

August Av Min Temp <16.0 56 31 3.16 (1.73, 5.76)
>16.0 36 63

September SOP <6.58 53 29 3.04 (1.67, 5.56)
>6.58 39 65

May MinTemp <1.9 64 41 2.95 (1.62, 5.40)
>1.9 28 53

August GDD <375.4 64 41 2.95 (1.62, 5.40)
>375.4 28 53

aSee Table 1 for definitions.
bTemperature in Celsius and precipitation in centimeters.
cOdds ratios were calculated using the 2 × 2 frequency table counts reported under “Number of location-years.”
dThe exclusion of odds ratio = 1 from all confidence intervals indicates all odds ratios are statistically significant, α = 0.05.
eLocation-years with weather values below the classification value were “odds ratio” times more likely to have below-me-
dian oil concentrations than above-median.

TABLE 4
Monthly Weather Variables and Classification Values that Best Separate Year Locations for Sum of Protein 
and Oil Concentration

Number of location-years
for total protein and

Classification value oil concentration Odds ratio 95%
Weather variablea for weather variableb <621.6 g kg−1 >621.6 g kg−1 Odds ratioc confidence intervald

August Sum Min Temp <498 69 33 5.54e (2.94, 10.45)
>498 23 61

August GDD <359.2 56 20 5.76 (3.01, 11.00)
>359.2 36 74

August Av Mean Temp <21.9 62 27 5.13 (2.74, 9.57)
<21.9 30 67

August Av Max Temp <21.7 58 24 4.98 (2.66, 9.32)
>21.7 34 70

August SDD <−68.3 58 24 4.98 (2.66, 9.32)
>−68.3 34 70

May SOP <9.77 32 54
>9.77 60 40 2.53f (1.40, 4.58)

July Max Temp <34.2 40 61
>34.2 52 33 2.40 (1.33, 4.34)

July RFD <21.5 40 60
>21.5 52 34 2.29 (1.27, 4.13)

aSee Table 1 for definitions.
bTemperature in Celsius and precipitation in centimeters.
cOdds ratios were calculated using the 2 × 2 frequency table counts reported under “Number of location-years.”
dThe exclusion of odds ratio = 1 from all confidence intervals indicates all odds ratios are statistically significant, α = 0.05.
eLocation-years with weather values below the classification value were “odds ratio” times more likely to have below-me-
dian sum of protein and oil concentrations than above-median.
fLocation-years with weather values above the classification value were “odds ratio” times more likely to have below-me-
dian sum of protein and oil concentrations than above-median.



oil concentration location-years, 579.7 to 621.2 g kg−1, and
high sum of protein and oil concentration location-years,
621.6 to 649.5 g kg−1. The five weather variables most indica-
tive of sum of protein and oil concentration were variations
of August temperature (Table 4). Odds ratios indicate that
cooler August temperatures were 4.98 to 5.54 times more
likely to result in low (below-median) sum of protein and oil
concentration than high (above-median) sum of protein and
oil concentration. Precipitation in May and July and July tem-
perature were also indicative of sum of protein and oil con-
centration. Greater May precipitation, more rain-free days in
July, or higher temperature maxima in July were each at least
2.29 (2.29 to 2.53) times more likely to yield low (below-me-
dian) sum of protein and oil concentration than high (above-
median) sum of protein and oil concentration.

The median protein-to-oil ratio, 1.888, was used to define
low protein-to-oil ratio location-years, 1.658 to 1.887, and
high protein-to-oil ratio location-years, 1.888 to 2.395. The
ratio of protein to oil was best classified by September rain-
free days (RFD) and temperatures in June and July (Table 5).
The ratio of protein to oil was 3.92 times more likely to be
low (below-median) than high (above-median) when Septem-
ber RFD were below 22.5 d. June or July temperatures
warmer than the classification values (Table 5), were 2.20 to
3.79 times more likely to yield low (below-median) protein-
to-oil ratio than high (above-median) protein-to-oil ratio.

The results indicate that monthly weather variables de-
rived from the daily temperature maxima and minima and

from precipitation can be used to classify a set of high and
low protein and oil concentration years from soybean seed
grown at different locations. The locations chosen were simi-
lar in latitude and evaluated the same MGs and soybean lines.
The soybean lines differed between years as well as the meth-
ods of cultivation used at the individual locations.

Protein synthesis starts early during the linear phase of seed
growth, is constant throughout seed fill (5), and is not as directly
influenced by temperature as oil concentration. This is due to
soybean genetics and the ability of the seed to synthesize twice
as much protein as oil and to the stronger environmental effect
of temperature on oil concentration than protein concentration
(6). The data presented in Table 2 showed that variations of Au-
gust temperature were among the best for classifying location-
years for protein concentration; but the best month in this data
set was April. What is anomalous about this finding is that soy-
beans are generally not planted in April at the three locations
used in this study, nor is environment considered as strong a
determinant of protein concentration as genetics (6,7). The
April weather variables for classifying location-years are from
an unconventional month for plant growth and therefore may
be an anomaly of this particular data set. However, no other
published papers have attempted to relate the months of the en-
tire growing season to protein concentration and therefore
there is an absence of data for comparison of this anomaly.
Another unconventional finding was recently published by
Cooper (8). He found in his long-term maximum-yield project
that, in years with unusually warm May temperatures, indi-

A METHOD TO ESTIMATE SOYBEAN SEED PROTEIN 1025

JAOCS, Vol. 81, no. 11 (2004)

TABLE 5
Monthly Weather Variables and Classification Values That Best Separate Year Locations for Protein-to-Oil Ratio

Number of location-years

Classification value for protein-to-oil ratio Odds ratio 95%
Weather variablea for weather variableb <1.888 >1.888 Odds ratioc confidence intervald

September RFD <22.5 69 40 3.92e (2.09, 7.33)
>22.5 24 53

July GDD <407 39 67
>407 53 27 3.79f (2.03, 7.07)

July SDD <−31.1 32 58
>−31.1 60 36 3.02 (1.66, 5.49)

July Av Max Temp <28.9 32 58
>28.9 60 36 3.02 (1.66, 5.49)

July Av Mean Temp <23.4 41 65
>23.4 51 29 3.02 (1.66, 5.49)

June Av Mean Temp <21.5 35 58
>21.5 57 36 2.62 (1.45, 4.74)

June GDD <345.8 35 58
>345.8 57 36 2.62 (1.45, 4.74)

July Min Temp <11.4 42 62
>11.4 50 32 2.31 (1.28, 4.17)

June Av Max Temp <27.5 35 54
>27.5 57 40 2.20 (1.22, 3.95)

aSee Table 1 for definitions.
bTemperature in Celsius and precipitation in centimeters.
cOdds ratios were calculated using the 2 × 2 frequency table counts reported under “Number of location-years.”
dThe exclusion of odds ratios = 1 from all confidence intervals indicate all odds ratios are statistically significant, α = 0.05.
eLocation-years with weather values below the classification value were “odds ratio” times as likely to have below-median
protein-to-oil ratios than above-median.
fLocation-years with weather values above the classification value were “odds ratio” times as likely to have below-median
protein to oil ratios than above-median. 
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vidual lines produced replicated yield in the 6000 to 7000
kg/ha range whereas when May temperatures were normal in-
dividual lines produced yields in the 4200 to 5500 kg/ha
range. What he observed was that unusually early warm
spring temperatures in May resulted in soybean flowering 2
wk earlier than normal. This resulted in the soybeans entering
the reproductive cycle earlier, a lengthening of the reproduc-
tive cycle, and grain fill occurring during a longer photope-
riod because maturity was similar to years of more normal
spring temperatures. Unlike yield, the data presented here in-
dicate a negative effect of warm temperatures in April that
were associated with decreased protein concentration. Even
though we cannot compare April temperatures with some as-
pect of plant growth related to protein synthesis, April tem-
peratures may be indicative of a warmer and longer growing
season that may have a negative effect on protein concentra-
tion.

Weather variables derived from August and September
temperatures were most influential in the classification of
high and low location-years for oil concentration of the seed.
Cooler August and September temperatures were associated
with low, whereas warmer August and September tempera-
tures were associated with high oil concentration. The linear
phase of seed growth of MG II and III soybeans occurs dur-
ing these 2 mon. Yazdi-Samadi et al. (5) observed that oil
synthesis in soybean is initially low during the linear phase of
seed growth and increases and reaches its maximal level as
the seed approaches physiological maturity. Others have ob-
served that high temperatures during the linear phase of seed
growth were associated with increased oil concentration (9)
whereas delayed planting decreased oil concentration of the
seed because of decreased temperatures during maturation
(10). Piper and Boote (6) evaluated regression models of oil
concentrations vs. temperature and found that oil concentra-
tion increased with temperature and approached a maximum
at a mean of 28°C. Others (7,11) have shown that increased
temperature increases the oil concentration of the seed. How-
ever, none of the methods in these publications attempted to
use monthly weather variables to classify a set of oil concen-
tration data. The results presented here agree with those pre-
sented by others but more importantly show that both August
and September temperatures can be used to categorize a set
of yearly oil concentration data of the seed. The results also
suggest that September rainfall is important to oil concentra-
tion and is in agreement with Dornbos and Mullen (12) that
drought decreases oil concentration. The minimum tempera-
ture in May also classified the location-years and may be re-
lated to the planting date. It is known that delayed planting
favors protein synthesis (10). It is not clear how temperature
affects the synthesis and concentration of oil in the soybean
seed (13).

Weather variables classified more of the location-years for
sum of protein and oil concentration than the other composi-
tion classes. Sum of protein and oil concentration of the seed
represents the amount of storage reserves available for indus-
trial use. Hurburgh (14) showed that the higher the sum of

protein and oil concentration, the higher the protein concen-
tration of the meal. Unlike oil concentration, where the best
weather variables were from the months of August and Sep-
tember, the five best weather variables for classifying sum of
protein and oil concentration were from the month of August.
The data presented here and by other authors (6,7) indicate
that temperature during the linear phase of seed growth is
positively related to sum of protein and oil concentration and,
as presented here, August temperature is the most influential
in the formation of sum of protein and oil concentration in
this data set.

The protein-to-oil ratio represents the relationship of the
units of protein relative to those of oil. Values above 2.0 indi-
cate more units of protein synthesized relative to oil than the
theoretical 2:1, and values below represent the opposite. Two
examples taken from the location-years for a protein-to-oil
ratio of 2.00 are 433.4/216.0 g/kg−1 and 415.2/207.1 g/kg−1

protein concentration divided by oil concentration, respec-
tively, which illustrate that it was the amount synthesized that
determined the ratio of the protein and oil concentration.
There were only 39 location-years when the protein-to-oil
ratio was equal to or greater than 2.00, indicating that the data
set consisted mainly of location-years with more oil units than
the theoretical relationship of 2 units of protein to 1 of oil.
The September days without precipitation would indicate that
more days without precipitation favor a higher protein-to-oil
ratio. This would be similar to the observations of Dornbos
and Mullens (12) who observed that drought decreased oil
concentration. The remaining weather variables were from
the months of June and July, and all indicated that tempera-
tures below the classification values were associated with
high protein-to-oil ratios whereas temperatures above the
classification values were associated with low protein-to-oil
ratios. For MG II and III soybean, June would represent part
of the vegetative growth stage. Since the growth type of these
soybean lines would be indeterminate, growth would con-
tinue during July and flowering would ensue with cell divi-
sion in the embryo. Why June and July temperatures classi-
fied the protein-to-oil ratio best invites speculation. However,
cooler temperatures would favor protein synthesis and a nor-
mal to high protein-to-oil ratio (6,11).

Comparing the results presented here and from our previ-
ous paper (1) using southern germplasm shows that protein
concentration was estimated by August growing degree days
(GDD) in both studies; sum of protein and oil concentration
was estimated by August stress degree days (SDD), August
GDD, and August Av Max Temp; and protein-to-oil ratio was
estimated by July SDD. September temperature variables es-
timated oil concentration in both studies but with different
variables.

Finally, the data presented suggest a specific month that
may be important to managers in the processing industry and
soybean breeders. Since sum of protein and oil concentration
is directly related to the protein concentration of soybean
meal (14), August temperatures could be used by the process-
ing industry to formulate models that would estimate sum of



protein and oil concentration prior to harvest, allowing a strat-
egy for the harvested crop and its use in formulating and mar-
keting soybean meal. Further, August temperatures could be
used by soybean breeders to search for germplasm whose sum
of protein and oil concentration is insensitive to a range in
August temperatures.
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