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ALI-KHAN, S, T. aNDp Younecs, C. G. 1973, Variation in protein content of field
peas. Can. J. Plant Sci. 53: 37-41.

Protein content was determined by a modified biuret method for 10 field pea
cultivars grown for 3 yr at a single location and for 19 cultivars grown for 1 yr
at four locations. Significant differences were found among cultivars, locations,
and years. Cultivar X location interactions were also significant. The average pro-
tein content among cultivars varied from 23.1 to 28.3%, among locations from
24.0 to 26.3%, and among years from 25.8 to 27.4%. Differences in protein con-
tent at three positions on single plants were aiso determined, but were not large.
Protein content of individual plants within cultivars varied significantly. Correla-
tions between protein content and yield, maturity, or seed size were not significant.
A range of 22-32% protein was found among 506 plant introductions.

On a déterminé, suivant une méthode modifiée de la réaction du biuret, la teneur
en protéines de 10 cultivars de pois fourrager cultivés pendant 3 ans en une seule
station, et 19 cultivars produits en quatre stations au cours d’une année. Des écarts
significatifs ont été observés entre les cultivars, les stations, et les années. Les
interactions entre cultivar et station étaient aussi significatives. La teneur moyenne
en protéines a varié de 23.1-28.3% suivant les cultivars, de 24-26.3% suivant les
stations, et de 25.8-27.4% suivant les années. On a aussi déterminé les écarts de
teneur en protéines de plantes individuelles, en trois stations, mais ils n’étaient pas
trés grands. La teneur en protéines de plantes individuelles d’'un méme cultivar a
varié de facon significative. Les corrélations entre la teneur en protéines et le
rendement, la précocité, ou le calibre des grains n’étaient pas significatives. La

teneur en protéines de 506 plantes introduites a varié de 22-32%.

INTRODUCTION

Variation in protein content of grain or seed
is common in plants and is affected by both
genetic and environmental factors. In a re-
cent review Balint (1970) summarized
these effects on the protein content in peas
(Pisum sativum L.). Differences in protein
content among pea cultivars become more
important when they are specifically grown
for their protein for human or animal con-
sumption. Also, a thorough understanding
of variability is important for effective selec-
tion in breeding for protein content.

This paper reports on variation of pro-
tein content, using a modified biuret
method, in field peas as affected by culti-
vars, locations, years, cultivar X location
interactions, maturity, seed size, and in-
dividual plant differences. Variation in pro-
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tein content of 506 plant introductions is
included.

MATERIALS AND METHODS

Protein Determination

Protein content was determined colorimetrical-
ly using a modified biuret procedure. One hun-
dred mg of fine pea flour were placed in a 50-
ml polyethylene screw-cap bottle and 25 ml
of 1 N NaOH were added. The mixture was
shaken for 5 min on a wrist action shaker to
disperse the protein. Then 10 ml of the suspen-
sion were poured into a graduated test tube
and used as a blank. A separate blank was
necessary for each sample to compensate for
the differences in the amount of natural pig-
ments extracted. To the remaining suspension
in the bottle, 0.25 ml of 10% CuSO, was
added, then the bottle reshaken for an addi-
tional 5 min to develop the color complex. The
sample solutions were poured into test tubes
and, along with the blanks, left overnight to
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allow dispersed material to settle. The optical
density of the clear supernatant sample solu-
tion was measured at 580 nm against the blank.

The protein content of 23 samples of peas
was determined by the micro-Kjeldahl method
(N X 6.25) and the modified biuret method.
The regression of Kjeldahl protein on optical
density at 580 nm was determined and the fol-
lewing equation was obtained: protein % =
3.78 + 61.6 X optical density.

The correlation coefficient between percent
protein and optical density was 0.98 and the
standard error in percent protein *0.53. The
colorimetric method as compared to Kjeldahl
method of protein determination is simple and
rapid and was used in all subsequent protein
determinations. All protein determinations were
made on duplicate samples on an air-dry basis.

Cultivar, Location, and Year Differences

To determine the range of protein content in
adapted cultivars and selections and the effects
of locations, 19 pea cultivars grown in 1968
at Morden, Portage la Prairie, and Brandon,
Manitoba, and at Ottawa, Ontario, were anal-
yzed. A composite sample of pea seeds from
the four replications of each cultivar was
analyzed from each station.

To determine the effect of different years on
protein content, 10 cultivars grown at Portage
la Prairie from 1966 to 1968 were analyzed.
The sampling procedure was the same as de-
scribed above.

Cultivar X Location Interactions

The cultivar X location interactions were cal-
culated by analyzing protein content of 20 cul-
tivars grown at Morden, Portage la Prairie,
and Brandon in 1970. These tests were grown
in a randomized block design with four repli-
cations. Homogeneity of error variances was
tested by the Bartlett test and significance of
cultivar X location interactions was determined
by using chi-square test as described by Co-
chran and Cox (1962).

Intra- and Interplant Differences

Protein content within individual plants was
determined by sampling peas from the upper,
middle, and lower one-third of the plant.
Twenty plants from each of 20 cultivars grown
in four replicates at Morden in 1970 were ran-
domly selected. Protein content of individual
plants was obtained by averaging protein con-
tent from three positions within a plant.

Correlation Studies

Correlation coefficients were calculated between
protein content and yield, maturity, and seed

size in cultivars grown in 1966-68 Co-opera-
tive Tests at Portage la Prairie.

Evaluation of Plant Introductions
Five hundred and six plant introductions ob-
tained from the U.S. Dep. Agr., Plant Intro-
duction Station, Geneva, New York, and grown
at Morden in 1968 were evaluated for protein
content.

RESULTS AND DISCUSSION
Location and Year Differences
The protein content of 19 cultivars grown
at four locations and 10 cultivars grown for
3 yr at Portage la Prairie is given in Fig. 1
and 2, respectively. A range of 23.1-28.3%
protein was noted among cultivars. Analysis
of variance showed that the differences
among cultivars, locations, and years were
significant at the 1% level. MP 39, a selec-
tion from the cross Chancellor X Weilbull’s
700, had the highest average protein con-
tent. Cultivars grown at Morden generally
had a higher protein content than when
grown at the other locations (location-aver-
age at Morden was 26.3% as compared
with 25.8%, 24.0%, and 25.3% at Portage,
Brandon, and Ottawa, respectively). Also,
the protein content of cultivars in 1966 was
generally higher than in 1967 or 1968 (year-
average in 1966 was 27.4% as compared
with 26.3% and 25.8% in 1967 and 1968,
respectively). The 20 cultivars grown in
1970 tests also showed significant differences
among locations.

Cultivar X Location Interactions

The Bartlett test showed heterogeneity of
error variance at the three locations. The
error variance at Brandon was greater than
the error variances at Morden or Portage la
Prairie. Therefore, a combined analysis of
variance was not feasible. Instead, a chi-
square test (Cochran and Cox 1962) was
used to determine the significance of inter-
actions. This test is more sensitive and ef-
ficient than the conventional “F” test, as it
gives less weight to experiments with high
error variances. The interactions were sig-
nificant, indicating the necessity to test cul-
tivars at several locations to assess and pre-
dict their protein content for specific areas.
Thus, a positive response to selection would
not be expected if based on performance at
a single location.
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Fig. 1. Protein content of 19 field pea cultivars grown in 1968 at four locations in Manitoba and
Ontario. Values below the cultivar names represent mean protein content of each cultivar at
four locations.
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Fig. 2. Protein content of 10 field pea cultivars grown for 3 yr at Portage la Prairie, Manitoba.
Values below the cultivar names represent mean protein content of each cultivar for 3 yr.
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Table 1. Intra- and interplant differences for protein content (%) in 20 plants of 20 pea cultivars
grown at Morden, Manitoba, in 1970

Intraplant differences,

sampling position Interplant

differences, Cult

Cult or selections Low Medium High range mean

Century 241 23.9 23.7 22.3-26.2 23.9
Trapper 24.9 247 23.8 22.4-26.1 24.5
Delwiche Scotch Green 23.8 24.1 23.8 22.3-28.8 24.0
Ceser 24.8 25.1 25.0 23.6-26.9 24.9
MP 693 (Century X Stral) 25.0 24 .4 25.1 22.7-28.4 24.8
MP 696 (Century X Stral) 24.2 24.0 23.7 21.9-25.4 24.0
MP 697 (Century X Stral) 24+.0 23.9 23.9 22.6-25.8 23.9
MP 698 (Unknown) 25.0 24.2 23.8 22.7-26.8 24.4
MP 702 (Century X Chancellor) 24,4 24.0 23.7 21.8-30.0 241
MP 706 (Century X Stral) 23.8 23.9 23.9 21.7-26.4 23.8
MP 743 (Weitor X Kap. 3880-4) 23.9 23.6 23.6 21.5-26.2 23.7
MP 755 (Selection from Century) 24.3 23.6 22.9 22.1-26.0 23.7
MP 766 (Selection from PI 206852) 23.4 23.5 23.3 21.1-25.7 23.7
MP 768 (Selection from PI 143486) 22.8 22.3 22.4 20.3-24.6 22.5
MP 769 (Selection from Flavanda) 24.0 23.3 23.6 22.6-25.5 23.6
MP 770 (Selection from Victoria) 24.0 23.6 23.7 23.1-25.4 23.7
7608-6C2 (Weitor X Kap. 3880-4) 23.1 22.6 22.7 20.8-24.8 22.8
7608-13A2-2 (Weitor X Kap. 3880-4) 23.5 23.2 22.7 21.5-24.8 23.1
7609-1A5-1 (Weitor X Kap. 3880-4) 24.2 24.0 24.1 22.6-26.0 24.1
CD6474 (Introduction from Hungary) 24.6 25.5 24.7 24.2-25.7 24.9
Mean 24.1 23.9 23.7 22.2-26.3 23.9

Intra- and Interplant Differences

The intra- and interplant differences for pro-
tein content in 20 cultivars are given in
Table 1. The differences among three posi-
tions on single plants were statistically sig-
nificant, although not large. In most in-
stances the protein content of early formed
peas located at the base of plants was higher
than the peas formed near the tip of plants.

Since the plants under study were homo-
zygous, the intraplant differences can be
only due to environmental, physiological,
and developmental factors. The pronounced
variation among single plants within culti-
vars is notable (Table 1). It is probable that
there was some genetic heterogeneity within
cultivars; therefore, both genetic and non-
genetic factors could affect protein content.
Similar variation in peas was reported by
Balint (1970), who suggested selecting for
both high or low protein content by exploit-
ing single plant differences within cultivars,

Correlation Studies

A comparison of protein content and agro-
nomic performance of cultivars did not re-
veal significant relations. The correlation

coefficients calculated in 1966-68 tests be-
tween protein content and maturity, yield,
and seed size were 0.44, 0.57, and —0.12,
respectively. This indicates that selection for
high protein will not be accompanied by
deleterious effects on the other three char-
acters.

Evaluation of Plant Introductions

The evaluation of 506 plant introductions
showed a range of 22-32% protein (Table
2). PI numbers 206793, 206801, 206838,

Table 2. Percent protein and frequency dis-
tribution of 506 field pea introductions

Protein 9, Frequency of PI's

22 1
23 10
24 57
25 95
26 134
27 99
28 52
29 38
30 12
31 5
32 3

Total 506
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210619, 210644, 210675, 210678, and
210684 contained over 30% protein. These
accessions from the world collection show
considerable genetic variability and may
provide useful germ plasm for broadening
the genetic base in breeding for high protein
in field peas.

The variation in protein content of peas
found in this study emphasizes the im-
portance of sampling and difficulties in pre-
dicting advance from selection. To establish
the true potential of a cultivar, wider and
more uniform testing and sampling proce-
dures are necessary. Although there is some
intraplant variation, it is not large enough
to justify special sampling. Selecting for pro-

tein content will not be accompanied by
deleterious effects on yield, maturity, or
seed size. The variability among single plants
within a cultivar provides some opportunity
for selection, and plant introductions offer
valuable germ plasm that should be ex-
ploited in developing high protein pea cul-
tivars.
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