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LTHOUGH the amounts of oil and nitrogen in cot.
tonseed are taken into account in its marketing,
processing, and utilization, relatively little atten-

tion has been given to the interrelationships between
oil, nitrogen, and gossypol contents of the kernels,
Literature reports on the subject are not conclusive
and are diffieult to interpret satisfactorily, owing
to the unsymmetrical design of experiments, limited
scope of sampling, or analysis of whole seed includ-
ing variable amounts of hull and residual lint (13).
Though a minor constituent, the pigment gossypol in-
fluences the color of the oil and the utility of the
meal, particularly as a protein supplement in feed-
ing poultry and swine. It is presumed that it reaets
with amino acids, such as lysine, of the protein when
““bound’’ or otherwise inactivated during processing
(6, 7). Further knowledge of the ranges and causes
of variability in the amounts of oil, nitrogen, and
gossypol should be helpful in improving the quality
and utility of cottonseed products. Information on
the relationships between these constituents has re-
sulted from a symmetrically designed investigation,
cotton-belt wide in scope, on the influence of variety
and environment on the eomposition of cottonseed.
Phases of this investigation concerned with oil and
gossypol individually have been reported previously
(12, 8).

Samples and Methods of Analysis

The cottonseed used were of eight commerecial vari-
eties of cotton grown in experimental plots at 13 loca-
tions, across the cotton belt, during 1947, 1948, and
1949. The loeations were Statesville, N. C.; Florence,
8. C.; Tifton, Ga.; Auburn, Ala.; Jackson, Tenn.;
Stoneville, Miss.; St. Joseph, La.; Chickasha, OXKla.;
Greenville and College Station, Texas; State College,
N. M.; Sacaton, Ariz.; and Shafter, Calif. The cot-
tons were grown under irrigation at the three west-
ern stations.

The seed cotton samples were picked from freshly
opened bolls for all varieties at one date from each
plot. They were air-dried under cover to avoid dete-
rioration from weathering.

The kernels were mechanically separated and an-
alyzed for moisture, oil, nitrogen, and gossypol by
official methods of the American Oil Chemists’ So-
ciety (2), Ba 2-38, Ba 3-38, Ba 4-38, and Ba 7-55,
respectively. The grams of oil, nitrogen, and gossy-
pol per 100 kernels were calculated from the weights
per 100 moisture-free kernels and the percentages of
the eonstituents found to be present.

Summary of Oil, Nitrogen, and
Gossypol Contents

The analytical data for the 312 samples of kernels
are summarized in Table I, expressed as percentage

1 Presented before the American Oil Chemists’ Society, Houston, Tex.,
April 23-23, 1956.

? One of the Inboratories of the Southern Utilization Research Bramnch,
Agricultural Research Service, U, 8. Department of Agriculture.
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TABLE I

Summary of Oil, Nitrogen, and Gossypol Contents
of Cottonseed Kernels

Nitrogen Gossypol
Qil, o Nitro-
mois- : Mois- - ois- gen-
ture- %‘;’:j ture- 2{;;’:_ ture- | gossy-
free free and free and ol
basis b::is oil-free b;sis oil-free | ratio

basis basis
Percentage in kernels

Rain-grown and irrigated cottons, N = 312
High %, 43.4 7.34 10.99 1.70 2.97 18.15
26.8 4.75 8.88 0,39 0.57 2.98
36.4 6.31 9.90 1.14 1.80 6.00
2.98 0.513 0.5281 0,255 0.457 2.15

Rain-grown cottong, N = 240

43.4 7.34 10.99 | 1.70 2.97 ' 18.15
26.8 4.75 8.88 0.39 0.57 2.98
T sea 6.31 9.92 | 112 1.79 { 611
Std. dev,.eninis 3.08 0.562 0.5341 0.264 0.479 2.31

Grams per 100 kernels

Rain-grown and irrigated cottons, N = 312

3.40 0.636 | ... 0135 | eeee | e
1.24 0,247 | .. 0.020 | e | e
2.44 0422 | ... 0.077 | e | e
0.4401 0.06951 ... 0.02271 ... e
Rain-grown cottons, N = 240
3.39 0.576 | . 0,135 | er | e
1.24 0.247 0.020 | weee | eveen
2.40 0.412 | ... 0.074 | e | e
0.4381 0.0645! ... 00224 e 1 e

of moisture-free and of moisture- and oil-free sub-
stance and in grams per 100 kernels. As previously
noted in the case of oil and gossypol contents (12, 8},
analysis of variance indicated that both variety of
cotton and environment have a highly significant in-
fluence on nitrogen eontent of the kernels. Similarly,
the same factors have a highly significant influence
on the grams of these three constituents per 100 ker-
nels. Of particular interest are the extreme differ-
ences in nitrogen content of the moisture- and oil-free
kernel (8.38-10.99%), which is equivalent to a range
from 52.4 to 68.7% in protein (N x6.25). The hull
requirement to adjust to a conventional protein con-
tent of 41% would be from 11.0 to 32.2% of the fin-
ished meals. .

The average values recorded in Table II indicate
the genetical differences between the eight varieties
with respect to oil, nitrogen, and gossypol contents
and weight per 100 kernels. When the data are ex-
pressed in terms of the amount of constituent in the
kernel (grams per 100 kernels), rather than on a
relative basis (% constituent in the kernel), the in-
verse relationship between oil and nitrogen disap-
pears and the amount of both oil and nitrogen tend
to be related to the size of the kernel. Both of these
eonstituents increase with increased kernel size.

The nitrogen-gossypol ratios (Tables T and IT) may
become an important consideration in the processing
and feeding of cottonseed meal to poultry. It has
been shown that total gossypol content of pre-pressed
solvent-extracted meals, which is essentially equiva-
lent to ‘‘bound’’ gossypol, is negatively correlated



Jun~Ee 1956 STANSBURY ET AL.: RELATIONS 283
TABLE 11
Average Oil, Nitrogen, and Gossypol Contents and Nitrogen-Gossypol Ratios of Moisture-Free Cottonseed Xernels
Variety of cotton
Constituent and ratio Acala ? Acala Rowden Mebane, Stoneville | Deltapine Ceker Coker
4-42 | 151TW | 41B Watson's 2 15 160W Wilds
Percentage in moisture-free kernels
0il, % 35.4 37.9 36.5 35.8 37.4 35.6 36,5 | 35.9
Nitrogen, %. 6.54 6.28 6.41 6.43 6.01 6.36 6.25 6.20
Gossypol, %o..veen-e. 0,84 1.14 1.32 1.15 1.20 1.21 1.22 1.01
Nitrogen—gossypol Tatio,....c..coisririnrinerrinninns, 8.87 5.88 5.03 5.83 5.22 5.53 5.40 8.77
Grams per 100 moisture-free kernels
6.5¢ 7.286 7.53 7.87 6.45 5.45 5.78 7.28
2.34 2.74 2.95 2.64 2.41 1.95 2,11 2.61
0.430 0.455 0.481 0.472 0.387 0.345 0.361 0.448
0.056 0.084 0.100 0.085 0.078 0.066 0.071 0.075

with nutritive value as determined by the chick test
(4). In present commercial cottonseed processing
methods from 80 to 95% of the gossypol present in
the seed is ‘‘bound’’ during processing (9, 10), and
it has been suggested (6, 7) that the reaction of
gossypol and lysine is one of the factors in the reduc-
tion of lysine availability in cottonseed meal. To
illustrate the possible influence of the widely varying
nitrogen-gossypol ratios, the actual nitrogen and gos-
sypol contents of the individual samples giving the
extreme nitrogen-gossypol ratios (2.93 and 18.15) in
Table I were used to calculate the proportion of total
lysine in the protein (N x 6.25) which could theoreti-
cally react with the gossypol present, on the basis of
the reaction of one mole of gossypol with two moles
of lysine. A lysine content of 4.7% in the protein
(1) was assumed in these calculations. The calcula-
tions indicate the possibility of gossypol binding from
10.5 to 65.5% of the lysine present in the protein of
cottonseed meals. A value of 34.8% was obtained by
using the average nitrogen and gossypol contents of
the 312 samples. It is to be noted that published
results (6, 7) have indicated reductions in lysine
availability of commercial hydraulic-, serew-press,
and prepress-solvent extracted cottonseed meals, rang-
ing from 17.4 to 49.3% and averaging about 339,

Interrelations Between Oil, Nitrogen,
and Gossypol

Factors whieh influenced the amounts of oil, nitro-
gen, and gossypol in the kernels, 4.e., variety and
environment, also had a significant effect on the in-
terrelations of these constituents as indicated by the
analyses of covariance summarized in Table III. The
““total’’ correlation coefficients were highly signifi-
cant in each case, indicating the over-all significance
for the three interrelations, The influence of ‘‘loca-
tion-years’’ was greater for the gossypol-oil rela-
tionship than for the other two relationships. The
influence of ‘‘varieties’’ did not reach significance

TABLYE I1I

Summarized Analysis of Covariance of Grams of Oil, Nitrogen, and
Gossypol per 100 Cottonseed Kernels

. Degrees ! Gossypol | Gossypol | Nitrogen
Souree of variation of V8. Vs, Vs,
freedom oil nitrogen oil
T T T

310 0.822 0.462 0.63*

7 Q.72b 0.61 0,042

Location—years. 38 0,912 0.350 0.340

Error 265 | 077 0.53% 0.642

2 Significant, 1% level T
b Significant, 5% level.

at the 5% level for the gossypol-nitrogen association
but was significant in the case of gossypol-oil and
nitrogen-oil. Sinee the correlation coefficients for
““error’’ were all highly significant statistically, a
certain amount of variation in these interrelations is
due to other factors not eonsidered in this study.
The correlation coefficients for the varietal relations
between oil, nitrogen, and gossypol were calculated
both on the basis of percentages of moisture-free
substance and grams per 100 kernels (Table IV).

TABLE IV

Correlation Coefficients for Relations Between Oil, Nitrogen, and
Gossypol in Cottonseed Kernels

Correlation coefficients
Variety of cotton Gossypol Gossypol Oit
v8, V8. vS.
oil nitrogen nitrogen
On basis of percentage in moisture-free kernels
Acala 4-42 0.65% —0.59% —0.662
Acala 1517TW 0.76% —0.69*% —0.81¢#
Rowden 418, .66 —0.71# —0.88%
Mebane, Wats 0.68% —0.65% —0.80%
Stoneville 2B 0.713 —0.702 —0.84°
Deltapine 1 0.68* —0.72% —0.782
Coker 100V 0,672 —0.76* —0.84¢#
Coker Wilds.. . 0.69* —0.66* i —0.782
On basis of grams per 100 kernels
Acala 4-42 0.88% 0.43% 0.41%
Acala 1517TW 0.942 0.45% 0.51#
Rowden 41B.... 0.86 0.27 0.25
Mebane, Watson 0.90% 0.48% 0.52»
Stoneville 2B 0.83% 0.04 0.10
Deltapine 1 0.85% 0.357 0.42%
Coker 100V (0.894 0.28 0.16
Coker Wilds.. 0.912 0.59® 0.572
N == 89.

s Highly significant, 1% level.
b Significant, 5% level.

The correlation coefficients for the relationship }:be-
tween gossypol and oil on either basis were positl_ve
and highly significant for each of the eight varie-
ties, indicating an increase in gossypol with increase
in oil. The regression equations for the oil-gossypol
relationships are shown graphically in Figure 1. The
uppermost eurve is for Rowden 41B, the variety
which averaged highest in gossypol content, while
the lowest curve is for Acala 4-42, the variety aver-
aging lowest in both gossypol and oil. The coefficients
for the oil-gossypol relationship on the grams-per
100-kernels basis were larger than on the percentage
basis, the average being 0.88 as compared to 0.68.
There was a highly significant negative correlation
between gossypol and nitrogen contents in the kernels
for all of the varieties. However, on the grams-per-
100-kernels basis, the correlation coefficients were posi-
tive rather than negative and wers statistically sig-
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nificant for only five of the eight varieties. In the
case of correlations between oil and nitrogen the rela-
tionships were similar to those between gossypol and
nitrogen, being negative and highly significant on the
percentage basis and positive and signifiecant for only

ROWDEN 41B

PE RCE8NT GOSSYPOL

STONEVILLE 28
COKER WILDS

A\ACALA 4-42
ACALA I5ITW

04 w4 i 1 i { I i I
26 28 30 32 34 36 38 40 42 44
PERCENT OIL

F1e. 1. Relations between oil and gossypol eontents of mois-
ture-free cottonseed kernels.

five of the varieties on the grams-per-100-kernels ba-
sis. Since oil and nitrogen (protein) are the major
constituents of the kernel, variation in the percentage
of either of them can eause a change in the relative
amount of the other. When the data are ealculated
in terms of grams per 100 kernels this effect is elimi-
nated, resulting in reversals from negative to positive
correlations in the two latter cases.

The multiple correlation coefficients indicate highly
signifiecant over-all correlations for the gossypol-nitro-
gen-oil relationships for each variety of cotton (Ta-
ble V), whether the data are calculated as percent
constituent in moisture-free kernels or as grams of
constituent per 100 kernels. The partial correlation
coefficients (r,,,) for the gossypol-oil relationship on
the grams-per-100-kernels basis, when nitrogen is
held constant, are highly significant and of the same
order of magnitude as the simple correlation coeffi-
cients for this relationship (Table IV). The fact that
both gossypol and oil are known to be synthesized
during the same stage of seed development (3, 5)
probably accounts for this highly significant rela-
tionship. When the correlations are calculated on
the percentage-constituent basis, the partial correla-
tion coefficients (r,,,) are numerically smaller and
generally less significant than the simple correlation
coefficients (Table IV). This is essentially in agree-
ment with data reported by previous investigators
{11). The partial correlation coefficients (r,,,) for
the gossypol-nitrogen relationship, independent of oil
(Table V), indicate no statistical significance on the
grams-per-100-kernels basis and suggest that there is
no association between the amounts of gossypol and
nitrogen {protein). Although the nitrogen-oil coeffi-
cients (r,,,) for the percentage-constituent basis are

Vou. 33

TABLE V

Multiple Correlation of (1) Gossypol, (2) Nitrogen, and
(3) Oil in Cottonseed Kernels

. Multiple Partial correlation
Variety of cotion cctgsl;%lgigg? coofficients
Ri.os Tig.2 Tiz-3 Tag.1
On bhasis of percentage in moisture-free kerunels
Acala 4-42... . cocvinnniiiininn 0.69% 0.432 —0.28 —0.45%
Acals 1581TW.. 0.772 0.47% (.20 —0.612
Rowden 41B...... 0.71% 0.09 (3,370 —0.78%
Mebane, Watson's.. 0.80% 0.360 - (3,24 —0.652
Stoneville 2B.. 0,742 0.32 0,27 —0.682
Deltapine 15 0.743 0.28 —0.41P —0.,582
Coker 100W 0.762 0.09 -(.488 —0.692
Coker Wilds 0.712 0.38V —0.26 —0.60%
On basis of grams per 100 kernels
Acala 4-42... 0.882 ¢.862 0.18 0.07
Acala 1517 0.942 0.922 —0.11 0.29
Rowden 41B... 0.862 0.852 0.12 0.03
Mebane, Watson's.. 0.902 0.862 0.05 0.22
Stoneville 2B...... 0.832 0.832 0,08 0.12
Deltapine 15... 0.852 0.832 —0.01 0.24
Coker 100W 0.892 0.89% 6.18 —0.08
Coker Wilds.... 0.91# 0.872 0.22 0.08
N == 39.

a Highly significant, 1% level,
b Significant, 5% level.

highly significant and negative, in agreement with
data reported by several investigators (13), this in-
verse relationship is not indicative of a real associa-
tion but is the result of the basis of measurement.
‘When the relation is calenlated on the basis of grams
of constituent per 100 kernels, the partial eorrelation
coefficients are non-significant, indicating non-associ-
ated variability of the absolute amounts of nitrogen
and oil elaborated in the kernels.

Correlation coefficients, regression equations, and
standard errors of estimate (s;.) were calculated for
the relationships between nitrogen-gossypol ratio and
oil content for each of the eight varieties. These data
are given in Table VI. The correlation eoefficients
were negative and highly significant for each variety.
This is not surprising in view of the statistically
significant interrelations between oil, nitrogen, and
gossypol (Table IV). The spread of the regression
lines for these relations (Figure 2) reduces with in-
crease in the oil content of the kernels. Inasmuch as
a large nitrogen-gossypol ratio in the kernels would
seem desirable from the standpoint of cottonseed

TABLE V1

Correlation Between Nitrogen-Gossypol Ratio and Percent Oil in
Moisture-Free Kernels of Cottonseed of Specified Varieties

Regression equation
Variety of cotton. r y==nitrogen-gosasypol Byx
ratio. x==% oil
Acala 4-42 —0.632 v=30.466—0.624 x 2.21
Acala 1517TW. —0.742 y=28.245—0.594 x 1.80
Rowden 41B.. —0.742 ¥=16.088-—0.303 x 0.78
Mebane, Wats —0,722 ¥y=20.821-0.419 x 1.01
Stoneville 2B. —0.772 ¥y=17.858—0.338 x 0.85
Deltapine 15.. —0.70% ¥y=17.520-0.337 x 1.04
Coker 100W... 4 —0.73% ¥=17.954--0.844 x 1.10
Coker Wilds.....oovincnieinrinnn —0.,58% ¥y=24.788—0.502 x 2.34

N = 39.
= Highly significant, 1% level,

processing, the use of low gossypol seed would be
advantageous. This would afford a better chance of
producing cottonseed meals having lower free gossy-
pol contents as well as improved nutritive value. It
is postulated that the desired high nitrogen-gossypol
ratio and high oil content may be possible through
attention to reduetion of gossypol and increase of oil
contents of kernels in cotton breeding.
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Fic. 2. Relations between nitrogen-gossypol ratios and oil
contents of moisture-free cottonseed kernels.
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Influence of Environment

A summary of temperatures (°F.) and total rain-
fall (in inches) during six selected periods of growth
of the cotton plants in this investigation are given in
Table VII. The six periods were:

Period 1. squaring, 21 days prior to average blooming date,
which is eonsidered as 10 days after first bloom.

Period 2. fiber length development, 17 days after average
blooming date.

Period 3. maturation, 35 days following period 2 to average
boll opening.

Period 4. eombination of periods 1 and 2.
Period 5. combination of periods 2 and 3.
Period 6. combination of periods 1, 2, and 3.

TABLE VII

Summary of Temperatures and Rainfalls During the Growth and
Development of the Cotton Bolls

Range in averg._geltemperatures, Total rainfall,
Period B, inches?
Maximum Minimum Mean Range Average
1 85.2— 99.8 | 60.0~71.9 75.4-84.4 | 0.00— 8.81 2.19
2 85.3—-107.2 | 62.2-80.0 75.2-91.6 | 0.00-11.12 2.86
3 83.6-107.6 | 60.2-75.4 71.9-91.4 | 0.00— 8.38 3.76
4 86.0-101.9 | 61.0~738.1 75.6-84.2 | 0.33-13.58 5.04
5 86.1-106.0 | 61.6-76.8 74.6--89.1 | 0.86-17.30 6.62
8 85.9-108.8 | 61.5-78.9 76.9-86.6 | 1.63—19.76 8.81

1Al lecations, N = 39.
2Rain-grown locations, N = 30.

Simple over-all correlation coefficients (not reported
in detail here) were calculated for the relationships
between nitrogen content of the kernels and mean
maximum, minimum, and mean temperatures and
rainfall for these six periods of growth. No signifi-
cant correlations were found. In contrast, it has been
reported (8) that gossypol in the kernels is signifi-
cantly correlated with both total rainfall and either
mean or maximum temperature during the matura-
tion period (No. 3). The oil content is similarly cor-
related with rainfall but not with temperature unless
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the main effects for locations are removed by caleula-
tions on the basis of ‘‘years-in-locations’’ (12).

Simple over-all eorrelations (not reported in detail
here) were also calculated on the basis of grams of
nitrogen per 100 kernels. Highly significant negative
correlation coefficients were found in the case of mean
minimum temperature for each of the six periods.
These coefficients were numerically larger than those
for mean mean temperature, where significant coeffi-
cients were only obtained for periods 3 and 6. There
were no significant correlations between rainfall dur-
ing any of the six periods of growth of rain-grown
cottons and the grams of nitrogen deposited in the
kernel,

The influence of temperature and rainfall during
the maturation period on oil, nitrogen, and gossypol
contents of moisture-free kermels and the nitrogen-
gossypol ratio for the individual varieties is illus-
trated by the simple correlation coefficients in Table
VIII. The varietal relations of oil and gossypol
contents with temperature and rainfall have been
discussed previously (8, 12). In the case of nitrogen
content the coefficients in Table VIII indicate that
there is no significant correlation with mean tem-
perature and only three of the varieties show sig-
nificant correlation with rainfall.

On the basis of grams of constituent per 100 ker-
nels several significant trends can be noted (Table
VIII). The tendency is for grams of oil, nitrogen,
and gossypol in the kernel to decrease with increasing
temperature. Both oil and gossypol tend to increase
with inereasing total rainfall while nitrogen is appar-
ently not significantly correlated with rainfall. The
nitrogen-gossypol ratio shows a significant negative
correlation with rainfall, which is undoubtedly due to
the influence of the strong positive correlation of gos-
sypol with rainfall. The positive correlation between
mean temperature and the nitrogen-gossypol ratio is
not as strong as the rainfall correlation, being sig-
nificant for only four varieties. The influence of
temperature independent of rainfall and of rainfall
independent of temperature on the nitrogen-gossypol
ratio is shown by the partial correlations recorded in
Table IX. For the combined effect of both tempera-
ture and rainfall, all varieties except Coker 100W
are significantly and positively correlated as evidenced
by the multiple correlation coefficients. The net effect
is to inecrease the nitrogen-gossypol ratio. When one
of these weather factors is assessed independently of
the other (partial correlation coefficients), it can be
noted that the rainfall relations are generally more
significant than those for temperature. The nitrogen-
gossypol ratios for certain varieties, notably Acala
4-42 and Coker Wilds, appear to be influenced more
by temperature than by rainfall.

Summary

A study was made of the relations between oil,
nitrogen, and gossypol contents of cottonseed kernels
from the seed of eight commercial varieties of cotton
grown at 13 locations during three years. Both vari-
ety of seed and environment had a highly significant
influence on each constituent whether expressed as
percentage of the kernel or as weight of constituent
per 100 kernels. Each variety showed a significant
positive correlation between oil and gossypol and sig-
nificant negative correlations between oil and nitro-
gen and between gossypol and nitrogen, on the basis



286

THE JoURNAL oF THE AMERICAN O1n CHEMISTS' SOCIETY

TABLE VIII

Vor. 33

Correlation Coefficients for Relations Between Oil, Nitrogen, and Gossypel in Cottonseed Kernels and Temperatures (°F.), and Rainfall
(Inches) During the Maturation Period (No. 3) for Rain-Grown Cottons

0il Nitrogen Gossypol Nltrogigéig;) ssypol
Variety of eotton
Mean Rain- Mean Rain- Mean Rain- Mean Rain-
temp. fall temp. fall temp. fall temp. fall
On basis of percentage in moisture-free kernels
Acala 4-42.. —0.16 0.49% 0.14 —0.27 —0.602 0.518 0.518 —0.380
Acala 1517 —0.16 0.380 0.01 —0.29 —~—0.492 0.522 0.44% —0,440
Rowden 41B.. —0.15 0.462 0.11 —0.400 —0.38b 0.538 0.35 -—{),492
Mebane, Wats —0.21 0.482 0.05 —0.39> ~—0.473 0.588 0.40Y —{),532
Stoneville 2B. 0.04 0.42b —0.08 —0.32 --0.40P 0.582 0.29 —{),52%
Deltapine 15.. 0.04 0.34 —0.03 —0.28 -—0.34 0.46% 0.31 —().44P
Coker 100W. 0.03 0.38h - ~0,08 —0.32 —0.36 0.450 0.29 —0.42b
Coker Wilds... —0.24 0.492 0,02 —0.38? ~0.52% 0.542 0.742 ~(},40P
On basis of grams per 100 kernels®

Acala 4-42.....oiiiinniniiinnnnnnnan —0.44b 0.462 —0.33 0.04 —0.632 0.48 | .
Acala 151TW... —0.41P 0.39° —0.472 0.03 -~—0.522 049 | L.
Rowden 41B..... —0.43> 0.420 —0.468 —0.12 ~0.482 0.492
Mebane, Watson's —0.30 0.35 —0.81 —0.10 ~(.44b 0.507
Stoneville 2B.... —0.19 0.37P 0,450 —0.20 ~{(.46> 0.53a
Deltapine 15.. —0.15 0.37b -0.28 —0.06 -0.33 0.41b
Coker 100W.. -0.18 0.38b -39t -—0.14 -—0.39P 0.43"% svoves
Coker Wilds. —0.492% 0.462 —0,588 0.10 0,582 0.53% | e e

N = 30.
2 Highly significant, 1% level.
b Significant, 5% level
¢ Minimum temperaturs for nitrogen relations.

of percentage-constituent in the kernel. The amount
of both oil and nitrogen elaborated in the kernel tends
to be related to the size of the kernel; each of these
constituents increases with increased kernel size. The
highly significant positive relationship between grams
of oil and grams of gossypol per 100 kernels which is
evident even when nitrogen is held constant can be
explained on the basis that these two constituents are
synthesized during the same stage of seed development.

Rainfall or temperature had no significant over-all
influence on the nitrogen content of the kernels. Grams
of nitrogen per 100 kernels showed a significant nega-
tive correlation with mean minimum temperature for
5 of the varieties but was not significantly correlated
with total rainfall during the maturation period for
any of the varieties. Grams of oil and gossypol per
100 kernels tended to increase with inereasing rain-
fall and decrease with inereasing mean temperature.

The ratio of nitrogen to gossypol is negatively cor-
related with the oil content of the kernels. The vari-

TABLE IX

Multiple Correlation of
(1) Ratio of Nitrogen to (Gossypol in Cottonseed Kernels
(2) Mean Temperature, °F., and
(3) Total Rainfall, Inches, During the Maturation Period

ation attributed to varietal influence decreases as the
oil content of the kernel increases. It is postulated
that high ratios are desirable for the production of
meals containing a low free-gossypol content.
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