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ABSTRACT

GENOTYPIC AND ENVIRONHENTAL VARIABILITY IN PROTEIN CONTENT OF

FIELD PEAS

The,contributions of genotype, location, and year to

variability in yield and protein content of field peas were estim-

ated from a study of,25 genotypes grown at three loca.tions in one year

and 22 'genotypes grown at one location for three years •. Protein

content was less v�riable than yield within and among locations and

years. Protein content varied substantially ,nth locations but

only slightly with years.

The relationship of protein content to several other plant

tr�ts was assessed. Protein content was not correlated ,nth hei�ht,'

harvest index, seed weight, or days to flower. However, it was

consistently �egativelY correlated with yield over locations, years
. .

and a wide range of genotypes. Coefficients of determination showed

that between 6 and 661� of the observed variation in protein content

over throe experiments was associated with variation in yield. ,The

negative relationship diminished among F
2 popll21atioDs. indicating

that correlations be twe en traits among heterogeneous populations
.

.

may be.misleading. Physiological explanations for the negative

yield-protein content correlation were offered •

. Yield and protein yield were very highly correlated,

whereas protein content and protein yield were unrala�ed. This

ind..i.cates that i.mproved protein productivity would come only from.
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increased yield.

l1ethionine content of field peas expressed as mg met/g

�eal and as mg met/g protein was low and the range was very narrow,

indicating insufficient scope for improvement by breeding among the

genotypes tested. Protein content was positively correlated with

me; met/e; meal but not correlated with mg met/g protein.

Broad-sense and narrow-sense heritability estimates for

protein content were low to moderate, and additive inheritance was

indicated. He; 'met/e; protein was not heritable, indicating the need

for an alternative approach to protein quality improvement.

Reported differences between smooth-seeded and'wrinkle­

seeded genotypes were verified and a new one'added. The gene for

wrinldinG caused a seed-weight reduction in wriru�e-seeded compared

with smooth-seeded pr-ogeny of crosses' between parents of different

'seed shape, regardless of parental seed weight. The range in protein

content among 1071 genotypes from the U.S.D.A. World Pea Collection

was very narrow '(22.6 to 30.��), compared \nth the \T.ide range in yield

and very wide range in seed weight of the same genotypes.
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1. INTRODUCTION

Pisum saUvum L. is & temperate-zone legume with edible seeds rich in

prote�n. As such, it has the potential to provide much-needed pro­

tein for both humans and livestock in an increasingly protein-scarce

world. The possible global lack of dietary protein has stimulated

considerable research interest in the legumes whose seeds are

consumed in the dry form (pulses). For peas, and pulses in general,

to realize their potential in protein productivity, research emphasis

must be placed on improving the dry matter and protein yield of

these crops, along with improvement in the quality, diCestibility,

and acceptability of the protein.

The Protein Advisory Group (PAG) of the United Nations

System issued guidelines for future research on legumes in Statement

22 (1973). Under the heading, "Genetic Improvement of Nutrient

Composition and Digestibility", the Statement noted that the range

of variability for nutritional components should be determined in

each of the recommended species, and iaprovement made within crops

where sufficient protein variability has been established, but only

after it has been established that genetiC changesi

(1) are possible, i.e. the component is heritable,

(2) will not adversely affect other nutritionally beneficial

components, and

(3) will result in overall improvement of the total diet.

Among the legume crops, only soybeans (Glycine �. (1,.) HeR111)

have undergone intensive breeding for yield and protein improvement

and the results, on the whole, have been disappointing. Yield
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increases have not kept pace with advances made in cereals, and

protein content has been improved only marginally, usually at the

expense of other seed components (Caldwell !! �.,1973). In Western

Canada, field peas were seen as a suitable alternative crop to cereals

in the early 1970�s when surpluses were a problem, and assumed

greater importance as an alternative source of protein for livestock

with the advent of high prices for imported soybean meal in 1973.

The present study is part of an ongoing program of research

into all aspects of field pea production and utilization at the

University of Saskatchewan, Saskatoon.

The objectives of this study were four-fold;

(1) To determine the contribution of genotype, location,

season, and environment to the variability in protein

content.

(2) To provide information on the relationship of protein

content to other plant traits which are or may become

agronomically important, and to protein quality para-

meters.

(3) To provide heritability estimates of protein content

and protein quality�

(4) To determine the extent of genetiC variability in

protein content among 1,100 genotypes from the i.S.D.A.

World Pea Collection.
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2. LITERATURE REVIEW

Protein content of field pea seed is determined by geno-

type, various factors of the environment, and genotype x environ-

ment interactions. It is also influenced by the negative correlation

between yield and protein content. Changes in protein content caused

by any of the above factors frequently have an effect on protein

quality. Consequently, a low heritability value for protein content

and protein quality may be predicted.

2.1 Effect of genotype on protein content

Apart fro� expected phenotypic variation, genotypic factors

which influence protein content include maternal influence, seed size

and shape, and maturity.

2.1.1 Phenotypic effects

Various researchers have detected significant variation

in protein content within pea cultivars and often attributed this to

genotypic rather than phenotypic effects.

Kurnik !1 �.(1972) found variability within pea cultivars

to the extent that they considered the cultivar as being hetero-

zygous for protein content and quality, and suggested that selection

Within a cultivar could increase protein content by 2 to � without
,

changing important characteristics of the cultivar. Berdyshev (1966)

determined the protein content of 186 plants of the cultivar Torsdag

and reported a range of 18.1 to 28.��, but most of the plants con-

tained 22 to 24% protein. To ascertain whether the differences

were genetically based, Berdyshev grew progeny from plants ot known
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protein content from the extremes of the Torsdag range. There was

no direct correlation between protein content ot parental plants

and their offspring. The lack of relationship was ascribed to

"the fact that plants undergo both genetic and non-genetic changes".

Nevertheless, choosing high protein plants from high protein parents

enabled Berdyshev (1966) to "reinforce this characteriotic and

produce stable forms rich in protein.", In turther plant breeding

work, only plants which had been selected for high protein content

were used in crosses. FUredi (1970) selected high protein lines

from within two commercial pea cultivars and grew them for three

years. Differences among lines were apparent in favourable years,

but dropped to insignificance in a year not optimal for protein

accumulation. The range of protein content among lines ot the

wrinkle-seeded cultivar Kelvedon was approximately 25.5 to 31.0% in 1964

and 24.0 to 26.5% in 1963 and 1965. Protein content of lines from

the cultivar Pauli varied from 22.0 to 25.0% and showed little

change over years. Furedi (1970) commented that efficient selection

could only be conducted in a favourable year when differences among

lines were clearly expressed, but he did not wish to imply an over-

estimation of "phenotypically positive forms.1t

Ali-Khan and Youngs (1973) found significant differences

for protein content among plants within genotypes. The range 'was

commonly 22 to 26% protein. These authors noted that genetic hetero-

geneity was probable in some genotypes, and thus considered both

genetic and non-genetic differences responsible for the observed

range. Differences within plants, from three different sampling

-
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positions, were significant, but not large, i.e., 24.1%, 2,3.9% and

23.7% for mean protein content of peas from low, medium, and high

node positions. Wolffe and IIamblin (1974) reported similar findings

in Phaseolus vulgaris L. The:e were no differences among bean seeds

within a pod, but significant differences among pods at a node, among

nodes within a plant of an indeterminate cultivar where protein

content decreased with ascending node position, and among plants

within genotype but only for two of four genotypes tested. These

authors expressed surprise that individual plants within a known

homozygous cultivar would differ significantly in protein content.

Shia (1976) found highly significant differences in protein

content among plants of Trapper peas grown in the field and also

among plants grown in hydroponic culture. Differences in protein content

of peas produced on different nodes were also significant. In general

there was a decrease in protein content with ascending node number.

2.1.2 Maternal influence

Maternal influence on protein content may be illustrated

by the presence of a relatively constant protein content in all

seeds borne on a given maternal plant regardless of their genotype.

Maternal influence on protein content has been reported

in soybeans, GlYCine � L. (Singh and Hadley, 1972), Phaseolus

vulgaris L. (Leleji ll!1.. 1972), �� L. (Se1im ll!!. 1974),

and peas by Berdyshev (1966). Shia (1976) did not find significant

differences between Fl and se�fed seeds borne on the same low protein

parent in three crosses with high protein parents. However, he

emphasized that inherent differences in protein content between

,
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wrinkled seeds and smooth seeds borne on the same plant could confound

possible maternal effects.

2.1.3 Seed shape

The differences between smooth and wrinkled pea seeds

have been described recently by Kooistra (1962). Apart from the

obvious seed appearance, wrinkled seeds have compound starch grains,

a lower starch content, a higher percent of amylose in the starch,

higher sugar content, greater water absorptive capacity, and greater

water loss upon maturity than smooth seeds. Kooistra reported finding

two new types of wrinkled se�ds, one with smooth oval starch grains

and the other with a lower starch content. In most other respects

they were similar to the common type of wrinkled pea. Matthews and

Whitbread (1968) indicated that the lower field emergence frequently

reported for wrinkle-seeded peas relative to smooth-seeded peas,

could be related to greater exudation of electrolytes leading to

a greater susceptibility to pythium ultimum. Furedi (1970) reported

that "marro.fat" or wrinkle-seeded peas were slightly ldgher in

protein content than smooth-seeded peas. He attributed the increased

protein content to a slower accumulation of starch. Shia (1976)

studied differences between smooth- and wrinkle-seeded F3 pro�eny
from crosses between low-protein, smooth-seed peas and high-protein,

wrinkle-seeded peas. He found that wrinkle-seeded F3 progeny were

higher in protein content (average of 3.4%), and lower in seed yield

and seed weight than corresponding smooth-seeded F3 progeny. He

also verified the starch differences as described by Kooistra (1962).
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Shia considered that the higher protein content of wrinkle-seeded

peas was not a pleiotropic or genetic effect, but more likely

stemmed from the interaction ,of lower yield, lower seed weight,

and lower starch content. Shia also reported significantly lower

field emergence from wrinkle-seeded F3 lines compared to smooth­

seeded F3 lines from the same cross.

2.1.4 Seed size

Davies (1975) showed that difterences in seed size were

correlated With cell number and cell weight. He demonstrated mater-

nal eftects for seed weight, cell number, and dry weight per cell.

However, he reported that wet weight per cell was primarily deter-

mined by the genotype of the seed. Untortunately, Davies used

wrinkle-seeded genotypes as the maternal parent in crosses with

smooth-seeded genotypes and tound that the Fl seed (smooth) differed

in water uptake capacity from selted seed (wrinkled) due to the rb
gene as described by Kooistra (1962), and not necessarily to intrinsic

control as suggested by Davie5. A more definite system of control

for wet weight per cell would have come from reciprocal crosses

between two smooth- or two wrinkle-seeded parents. In a related

study, Davies and Brewster (1975) round that large seeds have more

mA per cell, primarily rllli.. than small seeds. However, in recip-
---"'�

rocal'crosses, ENA per cell Was determined by the maternal parent.

This maternal control of ENA negated a difference in ENA due to

seed shape as smooth and wrinkled seeds on wrinkle-seeded maternal

plants had similar levels of RNA.

WeiCkel !1!!. (1963) measured protein content as percent

.-
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of fresh and dry weight of Alaska and Perfection peas in relation

to size and maturity at the freezing/canning stage. They reported

that protein content was generally greater in large peas on a fresh

weight baSiS, but less on a dry weight basis than in smaller peas.

Howeyer, since size was really a reflection of phySiological age

of the seeds, the results were not separable from effects of maturity

on protein content. Gottschalk!!!!. (1975) found no correlation

between seed weight and protein content of 148 pea mutants. Ali-

Khan and Youngs (1973) found a non-significant negative correlation

(r= -.12) between protein content and seed weight in 10 cultivars.

2.1.5 Maturity

Weickel !!!!. (1963) reported that in peas harvested

at the canning stage, protein content was generally greater in

larger fresh peas than in smaller, i.e. less mature peas. Protein

content of fresh peas was greater on a wet weight baSis at advanced

maturity than in earlier maturity. Furedi (1970) measured protein

content of three canning pea cultivars at three stages of seed

maturity; soft, semi-hard, and hard. With increasing maturity

(hardness) protein content as percent of dry matter decreased

from 29.00% at the first stage through 25.00% at the second stage

to 24.3� at close to full maturity. luredi remarked that the

decrease in protein content is only relative to the increase in

dry matter content.

Danielsson.(1952) showed that,although protein content

-.

decreased almost linearly toward maturity, nitrogenous substances

increased in absolute amount during the same period. Protein N

and lllnhn1"h. M �::--_=:.": --inly during the first part of the
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ripening process, while albumin N increased slowly at a constant

rate. The globulin: albumin ratio decreased with time as did

the vicilin : legumin ratio. These two components of globulin
°

began sYnthesis at different times and increased at different

rates. Millerd (1975) reported that vicilin and legumin could be

detected at 9 and 10 days from flowering respectively, and the

final ratio of vicilin to legumin was not constant within or between

cultivars.

Pandey and Gritton (1975) grew nine pea cultivars in

two years to study changes in protein content during maturation.

As determined by the Kjeldahl procedure, protein decreased with

increaSing maturity. Protein content at the canning stage was

correlated highly (r = .91) with protein content at the mature

stage. Gritton!i!!. (1975) studied protein content and amino­

acid composition of three pea cultivars during maturity. Protein

content was highest 12 days after pollination, dropped markedly

to the 18th day, and increased subsequently but did not attain the

level recorded at 12 days. Changes in amino-acid levels were

greatest up to 18 days after pollination. Glutamic acid, the

main amino-acid of storage protein, decreased, lysine and aspartic

acid increased, and S- containing amino-acids decreased slightly

with maturity. Differences among the cultivars in amino-acid

patterns were small. Smith (1973) showed that protein develops in

parallel with RNA, and forms an increasing proportion of the total

dry weight of the cotyledon. Starch accUmulation was somewhat

different. it was not detectable until 17 days after anthesis,
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but then increased rapidly between days 20 and 35, the increase

being almost entirely in starch grain size. Flinn and Pate (1968)

described changes during maturation of the fruit of a "field" pea,

.f£. arvense L. They reported differences between the field pea

and earlier similar studies with "garden" peas, .f.t. sativum L. In

the field pea the phase of intensive starch synthesis was shorter,

more hemicellulose was accumulated, but less sugar and starch were

accumulated than in the garden pea. There was also a suggestion of

differences in amino-acid metabolism between the two types.

2.2 Effect of the environment on protein content

Protein content of peas is influenced by such factors of

the environment as the nitrogen supplying capacity of the soil

relative to the Bitrogen fixed by rhizobia, the availability of

other nutrients and their interaction with climate and crop manage-

ment practices. Cultivar evaluations at different locations and

in different years provide an estimate of the effect of a specific

environment or series of environments.

2.2.1 Effect of fertilizer application

In field experiments, Buchan (1973) showed that protein

content of both the Vines and the seeds Of field peas increased in

response to applied N fertilizer at seeding, but seed protein con-

tent was not affected by post-flowering applications of NH4N03•
McLean (1972), however, showed that N fertilization did not

increase protein content of field peas in conditions of adequate

mOisture. In pot experiments, he showed that protein content was
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increased by high available nitrogen and by high moisture stress.

McLean also reported that protein content was increased when fert-

il1zer was applied at rates up to 55 kg/ha of P205' but decreased

at higher rates. In a greenhouse study Trevino and Murray (1975)

found that applied NH4N03 significantly increased protein content

as well as yield. Protein content of several cultivars ranged from

2.3 to 31% without applied N and from 35 to 53',,6 at the highest N

level applied (310p�week): However, the seed yield was extremely
i

low at this very �gh N level.

2.2.2 Effect of year and location

Berdyshev (1966) reported that at one location, three

genotypes varied in protein content over three years, i.e. Nemchin-

ovsky, 22.4 to 25.6%; Al.aska, 28.8% to 31.9%; and Raman, 18.0 to

19.9%. FUre� (1970) collected 95 samples of 27 genotypes at 62

locations and measured variability of protein content. The mean

value was 20.7 + 1.0�fo. The range in protein content over cultivars
-

and locations was 18.0 to 2.3.0',,6 and the range among cul.tivars only

was 19.5 to 22.5%. Further data from 9 genotypes a� 39 locations

confirmed that intra-cultivar variation over locations was almost

as large as variation among cultivars. There was a marked geno�ype

bY' location interaction for protein content. Insufficient data

were collected to statisticallY' analyze the year effect, but FUred!

(1970) inferred that certain genotypes could attain optimum protein

levels only at a Suitable location and under optimal conditions.

Al.i-Khan and Youngs (1973) studied variation in protein

co�tent of peas in Canada. They recorded data from ten cultivars

�I ,
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for three years at one location and from 19 cultivars at four

locations for one year. They reported significant differences for

cultivars, locations and years and significant cultivar by location

interactions. The range in protein content among cultivars was

23.1 to 28.�,among years 25.8 to 27.4%, and among locations 24.0

to 26.3%. Variation in protein content of nine cultivars in two

years at two different stages of maturity at one location was

studied by Pandey and Gritton (1975). Protein content varied with

cultivar, year, and maturity stage. Interactions between year and

cultivar, year and maturi�y and cultivar and maturity were also

significant.

i
2.2.3 Effect of nitrogen fixation

Nitrogen may be supplied to plants from the soil and by

the fixation of molecular nitrogen via the root nodule .symbiosis

with Rhizobium in legumes. The pattern of activity of the sym-

biosis in peas has been recently described by La Rue and Kurz

(1973). However, few reports show the effect of ni�rogen fixation

on seed protein content. McLean 11!!. (1974) reported from pot

studies that in the presence of low soil nitrogen, nitrogen fixed

by Rhizobium was the principal factor influencing both yield and

protein conten� of peas. Buchan (1973) concluded that effective inocul-

ation increased vine protein content, seed protein content, and total

seed and plant protein of three cultivars grown in nitrogen defiCient

soil in a growth chamber. In field experiments, effective inocul-

ation increased century field pea nitrogenase actiVity, but not

?�i
""':>-> ,
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yield or protein content. The soil for the latter experiments was

high in nitrate, and the peas fixed a maximum of 12.6% of their total

nitrogen uptakEi. Holl and La Rue (1975) report a value of 30% of

total plant nitrogen as being usual for the contribution of the

symbiont.

2.3 Effect of Yield on protein content

Most reports in the literature indicate a negative

relationship between yield and protein content. This relationship

is widely accepted in cereals, but legume researchers have been

reluctant to recognize it as an obstacle to increased protein

content.

2.3.1 Cereals

In a discussion on the "bio-chemcal and molecular-genetic

prereqUisites in the relations of plants for protein", Konarev

(1973) commented that the genetic basis of protein quantity and

quality in crop plants must be elucidated before it will be possible

to "overcome the negat{ve correlations widely known in agriculture

between the size of the harvest and its protein wealth" (seed yield

and protein content). In similar reviews on the possibilities of

genetic improvement of plant protein (Oram and Brock, 1972; John-

son and Lay, 1974) the negative relationship between yield a�d protein

content was accepted unsourced, and considered as an obstacle to

increased productivity of protein.

In barley (Hordeum vulgare 1£), DenHartog and Lambert

(1953) found a negative correlation of -.34** between yield and

protein content in 150 F5 progenies of a malting barley cross.

�\

It L-J__.l



14

However, 10% of the total F
5 popu1atio_n was both high in yield

and satisfactory in quality. Favret!1 al� (1970) reported that

both grain weight and test weight in barley were negatively ..

correlated with protein content, and that since both were affected

by environment, selection for increased protein should be on a

protein/seed basis, as this character was more stable. Favret!i ale

(1970) found a high positive correlatidn between grain weight and

N/seed in a series of lines collected in Ethiopia. This relation-

ship was not evident among malting barleys, but they had been selected

for low protein in accordance with brewing industry requirements.

The data suggested that the association of N with seed size in the

Ethiopian lines was related to a greater supply of raw material

from maternal tissues'. Zoschke (1972) showed that differences in

protein content among barley cultivars were genetically determined

and were maintained when nitrogen fertilizer was applied at early

(pre-flowering) and late (post-flowering) stages. Those cultivars

highest in protein content were also the highest in protein yield.

Haunold !1 !.i.. (1962) cited several reports of a negative

Yield-protein relationship in wheat (Triticum aestivum ��). They

grew four cultivars of wheat, Wichita, Commanche, Atlas 50,

and Atlas 66. The first two are hard red winter (HRW) wheats and

the latter two 60ft red Winter (SRW) wheats. Plants of the HRW

cultivars low in protein produced more grain than high-protein

plants, whereas the SRW cultivars had. highest yields at intermediate

protein levels. In one year, protein-yield relationships were

small, negative and significant for the two HRW cultivars and non-

>"'.:
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significant for the two SRW I�ultivars. In the folloWing year, the

correlations were somewhat higher for Commanche (HRW) and Atlas.

66 (SRW). Atlas 66 showed consistently higher protein content than

the other cultivars in different environments and different years.

The yield-protein curves for the two Atlas derivatives suggested a

threshold for protein, i.e. yield and protein were positively cor­

related up to the threshold and then negatively correlated at higher

yield levels. Negative correlations were strongest in the second

year when available nitrogen was lacking. Haunold!i ale (1962)

suggested that these genotypes could not express their protein

threshold under limiting nitrogen conditions.

Bhatia (1975) analyzed the relationships between protein

and yield components in 21 spring wheat cultivars of diverse origin

selected for high and low protein content, and excluding genotypes

with shrivelled seeds. Protein content was highly negatively

correlated with yield (r= -.84**), grain number (r= -.81**) and

harvest index (r= -.71**). Protein per grain was positively

correlated With seed weight and negatively correlated with seed

number. Protein yield was positively correlated with seed yield

(r= +.84**), grain weight (r= +50*), grain number (� +.91*) and

harvest index (+.59**). Bhatia (1975) considered that protein

Yiel�unit area provided the best criterion for making early

generation selection for improving protein productivity.

Pepe and Heiner (1975) reported that, among 126 F5
lines from a cross between two semi-dwarf wheat cultivars, height

was not correlated with either yield or protein content. There was

a highly significant inverse relationShip between yield and protein
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content (r= -.61**). This was not due to an association of either

charact�r with height, but rather due to a probable source limitation.

Despite the negative relationship, lines existed which were almost

equal in yield to a standard cultivar Era, and had higher percent

protein in the grain.

Gomez and DeDatta (1975) analyzed yield and protein data

for two cultivars of' rice, Oryza sativa ku IR8 and IR48<>-5-9

grown at several' locations over the years 1968-72. Protein cClntent

ranged from 4.8 to 12.1% in IR8 and from 6.4 to 17.� in IR480-5-9.

Major effects on variability came from season, location, nitrogen

fertilizer, water supply and weed control. Yield and protein content

were positively related up to a threshold value of' protein character-1

'istic for each genotype and negatively related beyond that point.

The threshold values were 8.5% protein for IR8 and 10.3% protein for

IR48O-5-9 and were relatively stable from year to year.

Crook and Casady (1974) reported a negative correlation

-

( r= -.42**) between yield and protein content among 40 sorghum (Sorghum vulgare L

hybrids and their parents. Protein was also negatively correlated

with days to 50% bloom, height, leaf area, panicles per plant, and

test weight.

Spilde !1!!� (1974) regressed protein on yield of five.

interspecific crosses in oats, Avena spp. Linear regression

coefficients were negative and significant in all crosses. standard

partial regression coefficients also showed that protein was signifi-

cantly negatively correlated With yield.

2.3.2 Legumes

2.3.2.1 91YCiae !!!. (I..) Merrill

"""'""t>.
,r"'"
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.
Johnson !l �� (1955) studied genotypic and phenotypic

correlations between 24 traits in two populations of F3 lines of

soybean. The phenotypic and genotypic correlations between yield

and protein content were r= -.08 and -.12 respectively,in population

I and r= -.33 and -.64 respeetively,in population II.

These authors commented that selection for increased protein content

would be limited by negative correlations of protein with yield and

shattering resistance. Smith and Weber (1968) studied mass selection

for protein content in soybeans by use of specific gravity selection.

They reported phenotypic correlations between protein content and

density of r= 0.48**, 0.57**, and 0.60** in three populations. The

higher protein content was also associated with lower oil content.

Yield was independent of density, but no direct relationship between

yield and protein was recorded. In six F4 populations of soybeans

Shannon!! !.!!.. (1972) reported that yield-protein correlations were

Significantly negative in only two populations, and one was small

enough (r= -.28*) that it was not considered a barrier to selecting

high-protein, high-yielding strains. In three populations, there

was no association, and in one there was a significant, positive

correlation (r= +.61**) between yield and protein. Lines with the

highest percent protein and the highest protein per unit area were

obtained from the population derived from crossing two high protein

parents. However, these high protein parents were not much lower

in yield' than currently grown cultivars and had been previously

selected for good agronomic characteristics. Hartwig and Hinson

(1972) produced BCl and BC2 lines +rom a cross between a productive

high-oil cultivar and a lower yielding, but high protein, breeding

J�ine. Selection ��he baSis or oil .as errective in obtaining

--
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populations different in protein content. Yield and protein content

were negatively correlated in both populations, but signif1cantly

so only in the Bel population. The most productive line in the

Be2 population was similar to the high yielding parent and had 10'..6

higher protein. Thus, after two backcrosses, it was possible to

isolate a line c,ombining favorable yield and increased protein

content.

2.3.2.2 Phaseolus sp.

Tandon !i ale (1957) measured the effect of year and

location on yield, protein content and several food quality para-

meters in 25 cultivars of beans, Phaseolus vulgaris � Yield and

nitrogen content were strongly negatively correlated (r= -.635**) as was

yield with lysine, niacin, and thiamine. Rutger (1970) reported

correlations of r= -.23 and r= -.36 between yield and protein

content in dry beans, Phaseolus � but these were non-significant.

Leleji !1 ale (1972) estimated heritability of crude protein content

in beans and measured the relationship between Yield and protein

in ,F2 and F3 progenies from crosses between high and low protein

lines. Yield and crude protein content were negatively correlated

in three of four populations (r= -.446**, -.287*, -.044, -.220*).

However, protein yiel�plant and seed yiel�plant were highly

correlated in all crosses (r= .964**; .724**, .961**, .831**).

Leleji � al., (1972) conSidered that although yield and protein

content were negatively related, enough variation occurred to select

plants that combined relatively high yields with relatively high

percent crude protein. However, highest total protein yield was

-
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best achieved with high y�elding l�nes. Kelly and Bl�ss (1975)

reported a low negat�ve correlat�on (r= -.30*) between seed yield

and prote�n content among 65 F
4
families of a cross �n beans.

authors commented that although negative. ,the relationship was low

The

enough to allow for increased prote�n content within genotypes that

produced substantial yields. and further suggested that selection

for high yielding families should be practised first and selection

subsequently made within these families for high protein content.
I

2.3.2.3 Vigna §.E.&

Bliss !1 ale (1973) grew 11 cultivars of Vigna unguicu-

1!l! (4) Walp. at three locations under short-day and long-day

environments. Yield and protein content showed only a small negative

correlation (r � -.14).
I

2.3.2.4 Cicer �.

Sandhu 2!!.J.. (1974) assayed seeds of 33 chickpea, �

arietinum L., genotypes for total protein and sulphur content. They

reported a highly significant negative phenotypic correlation (r= -.57**)

between protein content and 10O-seed weight. Small, shrivelled and

sometimes unfilled seeds were high in percent protein. Thus,protein

weight per seed was considered more meaningful as a selection

criterion for a protein improvement breeding program. Protein weight

per seed was positively correlated With lOO-seed weight (r= +.83**)

and sulphur as percent of protein (r= +.49**). However, lOO-seed

weight was not related to yield so that the yield-protein relation-

ship could not be directly assessed.'

2.3.2.5 Vicia faba
--

_____M_u_n_c_k.....&-jiiiit--!l. (1973) selected for low and high crude protein
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content in� !!2! for three consecutive years in three popUlations.

All populations responded to selection and seed size and other

yield parameters were not significantly influenced by selection for

protein in either direction. Bond (1975) stated that in 19 separate

cultivar trials With Vicia l!2! in the United Kingdom only two

showed a negative yield-protein relationship.

2.3.2.6�

Neklyndov and Antonova (1973) reported that protein content

of pea seeds in Fl to F4 populations was not correlated strongly

with protein in the vegetative parts, nor with earliness or yield.

Selection for protein Within a genotype was not successful.

Furedi (1970) noted the importance of yield i� determining

protein content but observed "in spite of the apparent negative

correlation between seed yield and protein content it is probable

that these two characters can be combined. Appropriate source mater-

ial may be derived from a collection comprising a wide range of

lines, or from a segregating population."

Among F3 and F4 progenies of four crosses of peas, Pandey

and Gritton (1975) found that yield and protein content were signifi-

cantly negatively correlated in progenies from one cross only.

Since the values were low (r: -.34** and -.35** in F3 and F4,
respectively), the relationship was not seen as a barrier to increas-

ing both components simultaneously. The cross in question was between

a wrinkle-seeded and a smooth-seeded parent. A negative yield-

protein relationship was inferred indirectly by Pandey and Gritton

(1975). When they discussed the fact that Fl pea hybrids had

;;":;:::--1
�_"i
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protein levels below their parents. they also noted that Flls
exhibited heterosis for seed yield. and these produced a greater

yield of protein than parents. Ali-Khan and Youngs (1973) reported

that the correlation between yield and protein content of 10 geno­

types grown in three seasons was non-significant (r= +.57). In F3
populations from crosses between high and low protein parents. Shia

(1976) found that protein content was positively correlated With

protein weight/seed (r= +.43** to +.59**), and protein weight/seed

was positively correlated with 100-seed weight (r= +.89** to +.91**).

Thus. protein weight/seed was primarily a function of seed weight.

Seed weight was unrelated to protein content. Protein content was

negatively correlated with seed yield/row (r= -.26* to -.57**).

Shia concluded that these correlations were low enough to permit

combination of high values of both traits. In fact there were F3
lines which combined above average yield and protein. Protein

yield and seed yield were highly positively correlated (r= +.95**

to +.99**). both on a per row and a per plant basis.

2.4 Relationship between protein content and protein quality

MunCk � ale (1973) reported that as crude protein

increased the concentration of essential amino-acids decreased in

both barley and faba beans. In faba.beans, the sulphur containing

amino-acids contributed almost nothing when protein content was

increased by selection. Arginine was the largest contributor to

the increase. Mun� � al� (1973) questioned the wisdom of

selecting for crude protein content in view of such evidence.

In Phaseolus. Adams (1973) recorded correlations between
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nitrogen and methionine, nitrogen and cystine, nitrogen and cystine

plus methionine of -.73*, -.84**, and -.84**, respectively, among 8

genotypes. As protein content increased above about .21%, the protein

became progressively poorer in quality. Adams further commented that,

since it costs the plant more energy to produce low quality protein

than carbohydrate, increased protein acts as a yield depressant.

Royes (1973) grew Cajanus cajan on nutrient deficient soils

and supplemented with ammonium sUlphate. Contrary to his expect-

tations, supplementation decreased methionine as a percent of protein

from 0.86% to 0.5��. There was a preferential ,uptake of nitrate ions
!

compared to sulphate ions.

Bajaj (197.2) evaluated .21 pea genotypes and found that

protein efficiency ratio, as determined by rat growth, was correl-

ated with total N, extractable N, globulin content and albumin

content (r= 0.4.2, 0.0.2, 0.3.2 and 0.77, respectively).

The high correlation with albumin content was due to the

higher concentration of lysine and sulphur-amino-acids in the albumin

fraction compared to the globulin fraction. She thus concluded that

crude protein or nitrogen was of d�bious value in indicating biolog-

ieal value of peas.

Sandhu!!!!. (1974) measured total sulphur content in

33 genotypes of chickpeas and round that percent protein was negatively

correlated (r= -.76**) with sulphur as percent of protein. However,

since sulphur as percent of protein was correlated with protein weight/

seed (r= +.49**) and since Sandhu !1 !!•. had recommended selecting

for the latter, improvement in sulphur as percent of protein would

follow.

-
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Bliss !i ale (197}) found a correlation of (r= +.51, not

significant) between methionine as percent of protein and protein

content of Vigna. However, the genotypic correlation was higher

(r= +.6}) and significant. Similarly, Kelly and Bliss (1975) found

that available methionine as percent of protein was positively

correlated with prot�in content (r= +.33*) in Phaseo1us •

.. V'Qgel !! a1. (1973) found that among 12,61} common

wheats from the U .S.D�A. World .Wheat. Collecl1·0J1, lysine percent and

protein content were highly correlated �= +.94). Thus, lysine

percent was more an indicator of protein content than quality.

Lysine as percent of protein was considered to be a better

indicator of quality. It was negatively correlated with protein content

up to l�, and above that, the effect of increased protein on lysine

was negligible.

2.5 Heritability of protein content and quality

Thorne and Fehr (1970) made 2- and }-way crosses between

adapted and exotic strains of soybeans. Broad-sense heritability

of protein content, based on parent-progeny regression, ranged

from 81.0% to 95.9%. As indicated by these values, population

means did not differ greatly from mid-parent values. Additive

effects were more important than non-additive etfects. Shannon

£i ale (1972) reported similar high values tor broad sense heritabil­

ity of protein content in soy�eans. i.e. 81-96%. Values were cal­

culated for F2-derived F4 populations. The values may have been

inflated by the growing of different generations in different years

as well as variance components estimated from material not under

....... " '" .
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study.

Leleji ��. (1972) evaluated Fl!S, F2,S and F3'S from

crosses between 5 lines of Phaseolus vulgaris L. They found that

all progeny means were between the parentJll means. but te.Jlded

toward the lower parent. Protein content was maternally determined

in Fl. Broad sense heritability estimates ranged from 30.7% to

63.7% while narrow sense heritability was 20.1% among backcross

progenies and 12.0% among Single cross progenies, based on F3/F2
regression. Thus, there was low additive genetic variance for pro-

tein content. Kelly and Bliss (1975) made three crosses between

4 strains of Phaseolus vulgaris L. They grew and analyzed Fl, F2,
BCP1, BCP2, F3, and F4 generations. Narrow sense heritability,

based on F3/F2 �nd F4/F3 regression, for protein content was 63

to 79% and 32 to 61%, respectively; for percent available methion­

ine as percent of protein was 81 to 85% and 51 to 81% respectively.

These narrow sense heritability estimates were larger than broad

sense heritability estimates for the same populations calculated by

variance component analysis. There was partial dominance for both

expressions of available methionine.

Romero!! !.!. (197,5) subjected 4 strains of Phaseolus vulgaris

L. to electrophoretic analysis of the Gl globulin fraction and showed

that the two strains high in methionine content had a 3-subunit

structure, while the two strains low in methionine had a 2�subunit

structure. Fl progeny were intermediate in banding and as the'F .

2. r

showed a Mendelian segregation pattern consistent with a system
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controlled by a single gene.

Bliss !i!!. (1973) grew 9 cultivars of cowpea at three

locations under two daylength regimes and calculated broad sense

heritability by variance�mponent analysis. The heritability est-

imates for protein content,methionine content and methionine as per-

cent of protein were 29%, 5�� and 46%, respectively. Tryptophan

and cystine contents were less heritable than methionine.

Singh and Singh (1973) studied a 7-parent diallel and

obtained a narrow sense heritability estimate of 73.48% for protein con-

tent in mung beans, Vign� radiata (L.) Wilczek. Although both

additive and non-additive components were important, general combining

ability for protein content was higher than specific combining

ability.

Broad sense heritability for protein content in chickpeas

was 7�fo calculated from variance components of 33 genotypes grown in

2 years by Sandhu et al� (1974). Broad sense heritability for
.

---.

protein per seed, percent sulphur, and sulphur as percent ot protein

was 7�, 64% and 51%, respectively. Mean values for each genotype

were based on the mean ot three Single plants.

Selim !1 �� (1974) made crosses between high and low

protein lines of Vicia !!2! L. They analyzed protein content of

5 plants at random from each F3 population. Maternal inheritance

was noted. High protein was found to be incompletely dOminant and

controlled by either 1 or 2 pairs of genes shOwing both additive and

multiplicative gene action. Heritability was estimated at between

62.11 and 79.58%.

__�
I�n�p�e�a_s�. Pandey and Gritton (1976) made 4 crosses between
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high and low protein lines and found that the mean ot F2 and F2-
derived progeny was lower than the higher parent and tended toward

the lower parent. Narrow sense heritability for yield was lower

than for protein. Observed gain from selection for high protein

was less than predicted whereas the observed decrease from selection

for low protein was greater than expected.

Shia (1976) made three crosses between high-protein,

wrinkle-seeded lines and low-protein, smooth-seeded lines.

Narrow sense heritability estimates.for protein content based on

F,tF2 regression, ranged from 56 to 6&fo. However, when F3 progenies

were divided into homozygous smooth or homozygous wrinkled, narrow

sense heritability estimates decreased substantially and were not

sta�i8t1callY s1gn1t.lc�t. Shia concluded that protein content

was a character of essentially low heritability •

..

�:
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z.6 SummarY of literature·

Protein content is a highly variable, weakly inherited

character negatively correlated with yield. and quality in both cereal

and legume food crop species. Variation due to location, year,

season, and soil condition has been documented, as has variation

within genotypes among and within environments. Considerable single

plant variation is common, leading to suggestions that selection

,

on a single plant baSis could lead to improvements in protein

content, usually without evidence that the observed variation was

genetic.

The effect of nitrogen supply on protein content in legumes

is variable and not well defined due to the interacting effects

of symbiotically supplied and externally available nitrogenous

compounds. There is no reported consistent effect of seed size

on protein percent, but it is axiomatic that larger seeds contain

more protein and in one legume crop protein per seed was considered

the most valuable selection Criterion.

Yield and protein content were conSistently negatively

related in almost all the crop species documented, with the excep-

tion of�� L. However, the magnitude of the relationship

was generally low to moderate, allowing most authors to conclude

that both yield and protein content could be combined.. Most reports

though, concluded that either protein or yield could be increased

while holding the other at.an average level, or above average levels

of both could be achieved. In rice and wheat, evidence for a

threshold level of protein was presented, i.e. up to a certain

level. protein and yield may increase together, but beyond that



28

level or 'threshold' the, are negatively related.

ieports show conflicting evidence on the relationship

between protein content and protein quality. In legu.es

sulphur bearing ..iao-acids are the first li.iting,

and unfortunately, it is often theae amino-acids which do not increase

Wben protein content increases, resulting in a greater content of

nutritionally poorer protein.

There are �elativ.ly few estimates of heritability of

protein content in legumes, and so.e of these recorded are of little

use to breeders in that they are estimated in the broad sense.

Still others ware derived fro. data which CQuld be used only with

great caution due to very limited populations and sample size.

Nevertheless, protein content is low to moderately heritable, with

the possible exception of protein in soybeans, and additive variance

is the aajor genetic variance component.

--
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3. MATERIALS AND METHODS

This research program was divided into five major experi­

ments: a genotype by environment study involving 25 pea genotypes

grown in three environments in which both plot and single plant'data

were collected; a study of the changes in protein content and starch

content in pea seeds with advancing maturity; a study of heritability

of protein content and other metric traits based on .21 F2 populations

and their parents; a study of the effect of seed shape on seed weight;

a stu�\1 of genotypic variability tor protein content and other metric

traits involving 1071 genotypes from the U.S.D.A. World Pea Collection

grown in replicated lattices at one location.

3.1 Genotype by environment stUdy

3.1.1 Plant material

Twenty-five genotypes, representing a wide range of protein

contents, were selected from apprOXimately 40 genotypes with suffic­

ient seed availabler to plant a large plot multi-location trial. The

genotypes included three currently licensed ��ltiT�� as well as a

Ilumber of breeding lines from the Agriculture Canada cooking-pea

breeding program based at Morden, Manitoba, and diverse genotypes

from the U.S.D.A •. world collection. Two of the genotypes were wrinkle-

seeded.

3.1.2 Experimental layout

The experimental design was a 25-genotype randomized

complete bloCk design (RCBD) with four replications at three sites

in Saskatchewan, namely Saskatoon, Nipawin,and Bellevue. At

Saskatoon and Nipawin identically sized plots of a check variety

Trapper were sown between each treatment plot. The plots conSisted

""....
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of four rows 4.8. long. 30c. apart. with 90c. between plot••
2

Seeding rate was 135 seed./row to give an e.timated 85 .eeds/.
•

Seeding was by a cone seeder with shoe-type openers with commercial

pea inoculant (Nitragin Co.) applied at seeding. No fertilizer

was used. Initial weed control was by pre-plant incorporated

herbicide (Treflan) and later the experi.ental area was kept

weedfree by cultivation and hand-boeing. Seeding dates were

May 20 and 21. and June 1. 1974. for Saskatoon, Nipawin. and Bellevue,

respectively. Seeding was delayed by heavier than usual spring

ranfall. particularly at Bellevue. The 80il types for the 1974

locations were: Saskatoon - Elatow clay 10811, Bellevue - Blaine

Lake sl1 t 10... Nipawln - Nipawln 10ail. The experi.ent was

located on a free-draining sandy knoll on this soil series.

The 1974 se..on vas shorter and cooler than .erage.

There was no prolonged period of moisture stress. At Bellevue,

the growing season was particularly cool and moist. resulting in

delayed flowering and maturity of the indeterminate genotypes.

Data for 1973 were obtained fro. 22 common genotypes

grown in a 4O-genotype RCBD under the s... conditions as

described above without covariate plots. In 1975 the 2S genotJpes

were seeded on May 14 in a 4-replicate RCBD as described above, also

without covariate plots. Three replicates were used for the genotype

x environment study While the fourth was used for a maturity study

(section 3.2.2).

3.1.3 Data collection and analysis

At Saskatoon and Nipawin. five .ingle plants per plot from

each genotype were rando.ly taken fro. the inSide two rows at mat-

urity prior to harvest. and the Whole above-ground portion of the
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• so.. sub-sample was analyzed for protein coutent by the micro-Kjeldahl

method (A.O.A.C., 1970).

Yield, protein content and height were determined for each

plot of the check variety Trapper and the aean value of the two

adjacent check plots was used as covariate for each geootype value.

3.2 Effect of stage of IlAturity on protein content·

3.2.1 Plant ..terial

Seed of the 2S genotypes used in the previous study was

available for one location in 1975.

3.2.2 Experiaental layout

The genotypes were seeded on Hay 14 as described in section

3.1.2.

3.2.3 Data collection and analysiS

Three replicates �re harvested at maturity on August 21.

The seed _s dried, cleaned, weighed, and a ISg sample taken for

analYSis of protein content by infra-red reflectaace spectroscopy

(Heotec Grain Quality Analyzer). The data. were analyzed as a three­

replicate lCBD.

The fourth replicate vas sub-divided into four 1m plots

tmich vere hanested at four intervals from pod-fUling to aaturity

(July 21 and 28, August 7 and 21). At each harvest two two-row samples

1_ long fro. each aeootype were cut and the peas were shelled by

Uncl. The fresh peas were weighed, i...diately dried for 72 hours

as described previously and then reweighed. A 15g sub-sample was

ground in a cyclone aill (Udy Analyzer Co. model MS.) to pass through

a 40- mesh sieve. Protein content was determined by the micro-Kjeldahl

.. thod and starch content. was determined by ;polarimetry (A.O.A.C. t 1970).

-
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plant bagged. dried. and the haul. and a.eda of each plant

aeparated before WBigbing. The following single plant charaeters

were measured: aeed weight. haul. weight. harvest index (calculated

fro. seed weight/.eed+haul. weight. expreased as a percentage). aeed

protein content. haul. protein content. protein vaght per haulm

.

and total protein weight per plant. The values expressed were ..ans

of S single plants. Single plant data ware recorded only at Saskatoon

and lipavin due to the aforementioned s.a.onal abnoraaUt'ie. at
I

Be1levue.

Height was aeasured at cessation of flowering and was

taken as the -an distance from the ground level to the upper.ost

node of five random plants fro. the inner two rows when the plant

..a pulled erect. Height was expressed to the neareat Scm. Height

..s not recorded at Bellevue becauae ...y of the genotype. did not

cease flowering before the harvest.

Each plot vaa harvested with a aodif1ed Bege IIOdel 125

co.bine and the . seed vaa bagged. dried for 72h. cleaned and weighed

to the nearest graa. Unle.s otherwise stated all drying in this and

subsequent studies waa in a hot-air grain drying cabinet for 72h.

for protein analysis on the plot samples, a lSg sub-sample

.. ground in a .Ul (Udy Analyzer Co. cyclone model MS.) to pas8

through a 4O-mesh sieve. Protein was deterained by infra-red

reflectance spectroscopy (Neotec Grain Quality Analyzer). Seed from

each individual plant was ground in a Culatti .icro-mill to pa8s

through a 1_ sieve and a 280mg sample analyzed for protein COl tent

by the Udy (1971) method. Single plant haulm. could not be individually

ground, so the five haul.. fro. each plot were combined and ground

in a laboratory-size mill (Wiley, model no. 4). from each bulk 8ampl.
-

I
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3.3 Heritability of agronoaic traits. protein content and methionine content

3.3.1 Plant !lterial

Sufficient seed for & replicated experi.ent was available

fro. 21 '2 bulle. populations of crosses between higher protein geno­

types fl'Ol8 the U.S.D.A. World Pea Collection and lower protein adapted

genotypes. The crosses were lI&de in 1972 and the F1 seed grown in

the field of 1973. Ten of the populations weze selregating for seed

.hape.

3.3.2 E!peri..ntal layout

The 21 '2 bulle. populations and their 19 common pareDts were

seeded io a 2-rep1icate lCBD with 2 row plots 3.05. 10Dg and 30cm

betweeD rowa•. Plots were 90ca apart. Seeding rate was 85 seeds per

row. The neds were dusted with' a fungicide (Captan) prior to seeding

&Del then eo_ with cOlllDercial pea inocu1wa (Ritragin Co.) and without

fertilizer on Hay 14, 1975.

Thes. genotypes all became infected with Erysiphe polygoni

in late July and were sprayed with sulphur OD July 2S and 30 as described

in section 3.5.2.

3.3.3 Data collection and analysis

Date of first open flower was recorded during the growiDg

period. All genotypes were harvested at full maturity on August 30

by a IIOdlfied Bege model 125 plot cOllbine. The seed was dried,

cleaned, weighed and a lSg sample arouod in a cyclone Ilill (04y

Analyzer Co.) for protein determination by infra-red ref1ectaDCe

spectroscopy. Duplicate ZOO-seed lots were used to determine seed

weight.
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Methionine content of the pea meal was determined by the

method of Finlayson and McKenzie (1976) with the following modifications:

the meal was reacted with cyanogen bromide (10% w/.) in 50% formic

acid. The column used was 2-3mm internal diameter by 40 cm Pyrex

glass packed with Poropak QS (100.120 mesh) and operated at l6OC.

Methyl isobutyl ketone _s used as an internal standard.

3.4 Effect of seed shape on seed wei'ght

3.4.1 Plant !!terial·

Progeny of 10 cros.es segregating for seed shape (from

section 4.3) were separated on the basiS of seed shape,. weighed, and

screened into four sizes by screens with hole diameters of 18, 16, 14,

and 12164". Parental seed weight was determined. A Chi-square

test for independence of seed shape and seed size was performed.

3.5 GenotypiC variation in field peas

3.5.1 Plant material

In 1971, 1452 genotypes fro. the U.S.D.A. World Pea.

Collection were gro� in single unrep1icated rows at Saskatoon

(Slinkard, unpublished report). Approximately 150 of these either

germinated poorly or yielded poorly so that insufficient seed was

available for seeding in 1975. Thus, the . sample of 1071 genotypes

taken was not random in the strictest sense. but was a random

saaple of genotypes that bad produced more than 350 mature seeds

in 1971, Sld tb us were at least slightly adapted to the Saskatoon

environment. It is probable that at least SOBle of . the genotypes

were not pure. Plants showing gross morphological differences and

differences in flower colour from the rest of t he plot were removed

prior to harvest.
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3.5.2 Experimental layout

lighty-five seeds per row were packeted and dusted with

approximately O.sg of a fungicide (Captan). Each plot conaisted

ot two raws 3.05. long and 30cm apart. Plots ware 90cm apart.

The genotypes were randomly grouped into 17 eight by eight lattices

with two replicates per lattice. The genotypes were seeded as

described previously with co...rcial pea inoculum (Nitragin Co.)

and without fertilizer at Saskatoon on May 12, 13, and 14, 1975.

In the hot, dry weather of late July JIOst of the genotypes became

infected with powdery mildew, Erysiphe po1ygoni. CORsequent1y,

they were sprayed with elemental sulphur at a rate of approximately

2kg/ha suspended in 400 I of water. Liquid detergent was added to

aid suspension of the powder. All plots were sprayed on July 19,

25, and 30. Since infection was widespread and relatively uniform

DO attempt was made to rate the genotypes for reaction to the'

disease.

3.5.3 Data collection and analysis

In all but three of the lattices, the genotypes were fully

..ture and the plants totally seneacent by August 3. The other

three lattices were in a hollow in the field Where higher soil

moisture delayed senescence and maturity until the end of August.

Harvesting coaaenced on August 3 and continued on August 4, 6, 14,

21, 28 and 30. The sporadic timing of harvest was due to rain and

subsequent cool weather not allowing sufficient drying to 8nable

harvest by combine. Although the harvesting was sporadiC, at each

harvest date only Whole lattices were completed. The' seed was dried,

cleaned and weighed. Pifteen gram sub-samples were ground in a
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cyclone mill (Udy Analyzer Co.) and analyzed for protein content by

infra-red reflectance spectroscopy (Neotec Grain Quality Analyzer).

Duplicate 2OO-seed lots were used to determine seed weight.

3.6 The nitrogen-to-protein factor

The value 6.25 aa the n�trogen-to-protein factor i8 still

in cOllDOn. usage despite the acknowledged errors inherent Ln. its

calculation (Jones. 1941; Tkachuk. 1969). Bolt (1976) concluded from

a study of amino-acid and non-protein nitrogen constituents of legume

seeds that the value of 5.7 more accurately reflected the true nitrogen­

to-protein ratio in those crops.

However. 6.25 was retained in the present study since the

dye-binding method and the infra-red reflectance spectroscopy method

of determining protein coatent were calibrated on the basis of that

factor. All protein content values reported in this thesis are in

effect crude protein content values and their use is thereby limited

to comparative purposes.
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4. RESULTS

4.1 Genotype by environment study

This experiment was designed to provide information on

the relative contributions of genotypes, locations, years, and local

environment to variability of protein content in accordance with

Objective 1 (see Introduction) and also to provide information on

the relationship of protein content to other plant traits under

Objective 2.

4.1.1 Analysis of variance for 1974 data from Saskatoon. Nipawin and
Bellevue

Bartlett's test for homogeneity of error variance showed

that a combined analysis of the 1974 data on seed yield and protein

content from Saskatoon, Nipawin and Bellevue was statistically

valid. The combined analysis shows that locations,

replicates within locations, and the genotype- location interaction

were significant (p:: �O�) for- both yield and protein content (Table 4.l)�

Table 4.1 Analysis of variance for yield and protein
content of 25 pea. genotypes grown at three
locations in 1974

"

Source d.f. Yield M.S. Protein content M.S.

Locations 2 12,129,388** 524.7**
Genotypes 24 389,114 37.5**
Replicates/location 9 212,304** 31.3**
Genotype X location 48 447,469** 6.5**
Error 216 22.801 2!1

�ignificant at the .01 level
,

'

Total 299

The relative yield of each genotype was Similar at Saskatoon" and

Nipawin, but differed greatly at Bellevue (Table 4.2). For example,
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Table 4.2 Mean yield (g /p1ot) of 25 pea genotypes
grown at three locations in 1974

2-1ocation 3-1ocation
Genotype Saskatoon Nipawin aean Bellevue l19an

tIP 761 2153 1651 1902 1598 1801
Triumph 2214 1619 1917 1486 1773
MP 790 2141 1624 1883 1538 1768
MP 712 2116 1556 1836 1624 1765
l-IP 789 2085 1272 1678 1890 1749
s.r. 269812' 2010 1456 1733 1681 1716
W 718 1911 1401 1656 1832 1714
TrOjan 2111 1656 1742 1495 1660
W703 1947 1324 1636 1733 1668
Century 1819 1665 1742 1495 1660
MP 702 2028 1937 1983 967 1644
Petit Pois 1843 1680 1762 1235 1586
P.l. 356885 . 2135 1538 1837 1079 1584
l>iP 783 1994 1533 1763 1202 1576
r.r, 356837 2073 1472 1773 1175 1573
1'rapper 1941 1603 1772 1169 1571
r.r , 356834 2002 1377 1690 1279 1552
Dashaway 2199 1585 1892 831 1538
r,r , 356846 1925 1473 1699' 1187 1528
MP 39 2320 2012 2166 124 1485
Lincoln 1656 1237 1447 1531 1474
Palouse 1444 1219 1332 1752 1472
P.!. 324705 1725 1706 1716 345 1259
P.!. 357001 1876 1344 1610 529 1249
p.!. 206Z2° 1212 8!J;1 10,21 1102 1022
Mean 1955 1511 1734 1269 1578
L.S.D.(.05) 391 343 249 292 190
c,v, 13.7% 15.6% 14.6% 15.8% 15.6%
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MP 39, the highest yielding genotype at both Saskatoon and Nipawin,

was the lowest yielding genotype at Bellevue with a yield approxi­

mately 1/10 of the location mean. Similarly, Lincoln and Palouse

ranked 23rd and 24th, respectively, at both Saskatoon and Nipawin,

but shifted to 10th and 4th, respectively, at Bellevue. Thus, the

significant genotype x location interaction for yield was appa�ently

due to the widely divergent results from Bellevue.

Considerable local variability was indicated by the

significant mean square for replicates within locations and the

high coefficient of variation (C.V.) for yield of 15.6%. The range

for yield over the three iocations was from 1269 to 1955 g/plot

which was almost as great as the range of the 25 genotypes, i.e.

1055 to 1801 g/plot (Table 4.2).

Genotype means for protein content are presented in Table

4.3. The location with the highest protein content (Bellevue) was

lowest in yield. However, the location with the lowest protein

content (Nipawin) was not the highest in yield. In general, within

a location, genotypes that were high yielding had low protein

content, and low yielding genotypes tended to have high protein

content. The range of protein content among locations was 22.6

to 27.1%, almost as large as the range among genotypes, 22.4 to

.

28.9%. Exclusion of the Bellevue location increased the range among

genotypes only marginally (.3%), 'but lowered the level of that

range from 22.4-28.9% to 21.3-28.1%.

4.1.2 Analysis of variance for 1974 data from Saskatoon and Nipawin

Due to the divergent results from Bellevue, data from this

location .... deleted and the remaining data reanalyzed.

",,_ ,



-

40

Table 4.3 Mean protein content (%) of 25 pea genotypes grown
at three locations in 1914

2-10cation 3-10cation
Genotype Saskatoon NipaWin .9an Bellevue llean

r.r , 206190 29.3 26.8 28.1 30.1 28.9
r,r , 351001 21.1 21.6 21.4 31.2 28.6
P.l. 324105 21.1 25.3 26.3 31.6 28.0
Lincoln 26.9 25.5 26.2 28.6 21.0
r.r, 356846 26.1 22.5 24.6 29.2 26.1
W 103 26.3 22.9 24.6 26.9 25.3
r.r, 356834 24.8 23.6 24.3 21.2 25.2
P.l. 356831 24.6 22.3 23.5 21.9 24.9
Petit Pois 25.1 21.2 23.2 28.3 24.9
Trojan 24.0 22.6 23.3 21.1 24.8
Trapper 24.3 21.5 22.9 28.1 24.8
r.r, 269812 25.1 23.0 24.1 25.9 24.1
l-lP 39 22.2 20.4 21.3 30.6 24.4
.w 118 25.1 21.4 23.6 25.5 24.2
MP 190 22.9 23.4 23.2 26.0 24.1
r.r, 356885 22.5 22.2 22.4 26.1 23.8
Dashaway 23.1 20.9 22.0 21.� 23.1
Palouse 24.4 21.9 23.2 24.9 23.1
l-tP 183 24.8 21.1 23.0 25.4 23.1
Century 24.1" 22.2 23.2 24.6 23.6
HP 102 23.8 20.8 22.3 26.0 23.5
Triumph 24.0 19.8 21.9 26.2 23.3
MP 189 22.4 21.2 22.0 23.8 22.6
t'IP 161 22.4 21.4 22.0 23.8 22.6
MP Z12 2�.0 2l.!t 22.2 22.8 221!t
Mean �4.1 22.6 23.6 21.1 24.8
L.S.D.(.05) 2.15 2.34 1.52 1.19 1.16
c.v. 5.9% 1.1% 6.5% 4.�,.6 5.8%



As expected, the results of the analyses of variance for yield

and protein content were as described in section 4.1.1, with the

exception that the genotype x location interaction was not

significant (Table 4.4). Thus for both of these traits, the geno-

Table 4.4 Analysis of variance for yield, protein content

and height of 25 pea genoty�es grown at

Saskatoon and Nipawin in 1974

Protein content Height
Source d.f. Yield M.S. M.S, M,S.

Locations 1 9,871,392** 232.4** 2628**
Genotypes· 24 394,364** 24.3** 3240**
Replicates/locations 6 290,107** 43.7** 871**
Genotype x location 24 74,875 ' 3.6 228
Error 144 63,632 2.3 218

. Total 1199
** SigDificant at the .01 level

types performed similarly at each location, and deletion of data

from the Bellevue location removed all significant genotype x location

effects.

For height there were significant differences (p: ,O�)

among genotypes, locations, and replicates within locations (Table

4.4). The genotype x location interaction was not significant.

Thus, the factors which produced differences between the two locations

affected all genotypes in a similar manner. Most genotypes yielded

less, had a lower protein content, and were shorter at Nipawin than

at Saskatoon. The C.V. for height (15.6%) was of the same magnitude

as that for yield, and the significant differences (p: .01) among

replicates within locations indicated that replicates were effective

in controlling local variability. Protein content was less subject

to environmental variation than either yield or height as indicated

by the lower C.V.

t.,
Mean perf mance of all genotypes at a location has been

n p-stirnator of that environment (Finlay and
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Wllkinaon, 1963; Eberhart and Russell, 1966). Thus, the test site

used at Nipawin in 1974 was a less favorable environment than the

Saskatoon test site for the growth of field peas, and the absence

of a significant genotype x location interaction indicated that

the difference between locations was not in season length or drought

Itress, to Which one. or more of the genotypes might have responded

differentially. The Nipawin site was, therefore, less productive.

In future discussion, productivity will be referred to as fertility,

without inferring measured soil fertility.

4.1.3. Analysis of variance for single plant trait.

At both Saskatoon and Nipawin the following lingle plant

traits were measuredj seed protein content, haulm protein content,

yield/plant, protein weight/plant, haulm protein weight/plant, and

harvest index. All traits measured on a single plant basiS were

analyzed for each location separately due to heterogeneity of

error variance.

Mean square values for genotypes are presented in Table 4.5.

At Saskatoon there were significant differences (p=.Ol) among

genotypes for .eed protein content, seed yield/plant, total protein

weight/plant, and harvest index, but not for hau1m protein content

or haul. protein weight/plant. Baul. protein weight/plant, total

protein weight/plant and seed yield/plant had high C.V.'s, indicating

that individual plant data were extre.. ly variable and unreliable.

There were significant differences (p••01) among geno­

types for all traits at Nipawin (Table 4.5). Although the locations

could not be compared statistically, the location aean. for each
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Table 4.5 Mean squares for genotypes, means and coefficientsof variation for six plant traits of 25 peagenotypes grown at Saskatoon and Nipawin in 1974

Saskatoon
NipawinM.S. for

_ M.S. for
_

Character genoty�es X C.V. genotypes X C.V.
Seed protein conten�plant
Haulm protein content
Harvest index
Seed yie1�p1ant
Total protein wt/p1ant
Hau1m protein wt/p1ant

8.34**
345.95
92.16**

5113.52**
2.73**
1.63

24.2',(, 4.5
8.37% 21.8

50.6% 8.0
8.45g 50.0
2.78g 53.5
.71g 70.7

9.16**
2.32**
44.07**
453.03**
36.33**
2.47**

19.4%
5.89%

51.1%
5.86g
1.46g
.32g

8.6
17.3
5.7

25.0
27.3
33.1 e;

** Significant at the .01 18.e1

�
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trait indicated that all single plant traits were lower at NipaWin

than at Saskatoon, with the exception of harvest index. This is in

agreement with the results for yield, protein content, and height

reportod in section 4.1.2. Single plant protein content and seed

yield/plant were, respectively, 19.8% and 30.7%. lower at Nipawin than

at Saskatoon. Thus, the greater reduction in yield compared with

protein content noted earlier on a plot basis was evident on a single

plant basis, except that both were reduced more substantially than on

a plot basis. Haulm protein content was reduced 29.6%, indicating

that under reduced fertility haulm protein may have been transferred

to the seed, or alternatively. less protein' was accumulated in the

haulm. Although it was not possible to discern which is the more

likely from this study, it did serve to indicate that under reduced

fertility, protein content in the seed was affected less than protein.
I

content of the leaves and stem. There was a substantial reduction

(47�) in total protein weight/plant at the less fertile location,

which reflected the decreased weight of both seed and haulm, as well

as decreased protein content of both seed and haulm.

Although the location effect was significant (p: .01) for

some of the observed traits, it is noteworthy that the mean value

for harvest index changed only very slightly (Table 4.5)� Thus,

the effect of reduced soil fertility was manifest equally on the

vegetative and reproductive parts of the plant. Reasonable'

stability of harvest index was indicated, but the fertility differ-

ential may not have been sufficient to induce changes in this trait.

.t
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4.1.4 Analysis of variance for data from three years at Saskatoon

In order to gauge the effec� of season on the expression

of yield and protein content among genotypes, additional data were

obtained (Slinkard, unpublished report) on 22 genotypes grown at

Saskatoon in 1973, and which were also included in the 1974 and

1975 nurseries at Saskatoon. Since the 1975 test had only three

replicates, one replicate was removed at random from the other

tests. Bartlett's test for homogeneity of error variance showed

that the �2 genotypes over 3 years could be analyzed together.

The separate season analyses of variance for yield and protein

content are given in Table 4.6 and mean values for each geno-

type are given in Table 4.7. There were significant differences

Table 4.6 Analyses of variance for yield and

protein content of 22 pea genotypes grown
for three years at Saskatoon

Yield M.S. Protein content M.S.
Source d.f. 1973 1974 1975 1973 1974 1975

Replicates 2 14874.5 55630.0 22668.0 0.12 13.72** 1.14
Genotypes 21 228624.9** 297614.4** 160721.1** 7.97** 11.11** 4.65**
Error -� 2�868.8 :26Z18.!i ·!t.§06018 .81 Z.52 1121

Total 65
** SlgnificADt at the .01 level

(p: .01) among genotypes for both yield and protein content in each

season. There were no differences in yield among replicates in any of the.

seasons. The C.Vls. for yield were similar and moderate, while

those for protein ·content were low but slightly more variable over

seasons. Thus local environmental variability was similar over the
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Table 4.7 Mean yield and protein content of
22 genotypes grown for three years
at Saskatoon

Yield. g/p1ot Protein content. %
Genotype 1973 1924 1975 Mean 1923 1974 1975 Mean

MP 39 1560 2449 2259 2089 24.6 22.1 22.9 23.2
MP 761 2029 2139 2084 2084 22.1 22.2 .23.0 22.4
MP 712 i593 2435 2098 2042 24.5 22.9 22.4 23.2
HP 702 1949 2187 1889 2008 23.9 23.9 22.9 23.5
MP 789 1596 2138 2145 1959 23.9 23.5 22.4 23.3
Trojan 1701 2145 1862 1903 25.0 23.9 25.4 24.8
Dashaway 1324 2277 1812 1804 23.9 23.2 23.0 23.4
Triumph 1342 2243 1821 1802 22.7 24.} 22.3 23.1
P.I.357001 1578 1946 1862 1795 26.9 27.5 25.6 26.7
p.I.356837 1545 2179 1612 1779 24.9 25.0 24.7 24.8
P.I.269812 1339 1974 2003 1772 24.0 24.7 23.5 24.1
P.I.356834 1655 2100 1555 1770 24.9 ·24.7 23.5 24.1
Trapper 1424 2028 1814 1755 25.2 24.3 23.6 24.4
P.I.356846 1536 2056 . 1593 1728 24.6 27.1 25.3 25.7
w 703 1280 1847 2054 1727 24.5 25.7 23.7 24.6
Petit Pois 1229 1840 2024 1698 24.6 25.1 24.3 24.6
w 718 1292 1990 1752 1678 24.3 25.5 23.7 24.5
Century 1188 1838 2005 1677 24.4 24.9 23.7 24.3
p.I.324705 1292 1803 1526 1540 27.6 27.0 26.6 27.1
Palouse 1289 1349 1519 1386 24.5 24.7 23.0 24.1
Lincoln 1005 1549 1483 1346 28.4 26.9 25.0 26.8
P.I.206790 843 1178 1429 1150 28.7 30.3 26.7 28.5

Hean 1436 1986 1827 1749 24.9 25.0 24.0 24.6
S.D. 276 315 242 422 1.6 1.9 1.3 1.5
c,v, 10.8% 12.0% 11.<]',,6 11.9% 3.6% 6.3% 4.6% 5. ()'>,,6
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three seasons at one location. There were significant differences

(p: .01) among replicates for protein content only in 1974.

The combined analysis of variance is given in Table

4.8.

Table 4.8 Combined analysis of variance for yield
and protein content of 22 pea genotypes
grown at Saskatoon for three years

Source d.f. Yield M.S. Protein content M,S,

Years 2 5288414** 20.4**
Genotypes 21 501307** 20.5**
Replicates/years 6 25161 5.0**
Genotype x ,ear 42 100308** 1.8
Error 126 43529 1.5

Total 122
** Significant at the ,01 1e".1

There were significant differences (p: .01) among genotypes and years,

for both yield and protein content, among rep�cates within years for

protein content and the genotype x year interaction was Significant

(p: .01) for yield. Mean yield was highest in 1974, followed by a

reduction of 8% in 1975 'and a further reduction of 23% in 1973 (Table

4.7) when a drought in late July and August hastened maturity (Slinkard,

unpublished report). Although the genotype x year interaction was

significant (p: .01) for yield, most of the genotypes performed

similarly in the three seasons. The low-yielding, wrinkle-seeded

genotypes P.I.206790 and Lincoln, and the smooth-seeded Palouse

were always the lowest three. Similarly, MP39 and MP761 were highest

in two out of three and one out of three seasons, respectively, and were

the two highest yielding genotypes over all seasons. The relatively

largely to the gen type x year interaction.



Mean protein content did not differ between 1973 and

1974, but the mean for 1975 was significantly lower(p: .05) than the

preVious two years, although the difference was only one percentage

point (Table 4.7). In the absence of any genotype x year inter-·

action, the genotypes performed similarly relative to one another

over the three seasons. In each year, P.l. 206790 had the highest

protein content, ra�ging from 26.7% in 1975 to 30.4% in 1974.

That range was the widest of any genotype. Another high-protein

genotype, Lincoln, had a range of 3.4% protein. All other genotypes

showed a range of less than 2.� protein over the three seasons.

Among genotypes, the range was least in 1975 (4.4% protein), when mean

protein content was lowest. In 1973 and 1974 the ranges were 6.6%

��d 8.1%, respectively. The narrower range in 1975 was due to the

lower protein content of P.l. 206790. The range in protein content

among genotypes based on the three-year mean was 6.1% protein, or

a difference between highest and lowest of 27%. Thus, the range

among genotypes and seasons was narrow (6.1% and 1.0%, respectively)

and the range of the most variable genotype was 3.7t6.

4.1.5 AnalYSis of covariarice for within-location variability

The analysis of covariance may be used to increase prec­

iSion and to clarify the nature of treatment effects when the

assumption is made that some pre-existing factor will have an

influence on the outcome of applied treatment effects (Snedecor

and Cochran, 1967). As previously mentioned (Materials and

Methods), check plots of the licensed�var Trapper were seeded

between each treatment plot at Saskatoon and. Nipawin in 1974 to obtain
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inforaation on the within-location variation due to gradients or

.tcro-eaviroa.enta1 differences in soil fertility or moisture

.upp1y. The ..an value of the tWD Trapper plots adjacent to each

treat..nt plot wal uled as ·the covariate for yield, plot protein

content, and heiaht. The value for plot protein· content was also u..�

a. the covariate for .ingle plant protein content. Although yield,

plot protein content, and height were homogeneous for error variance

over the two locations, covariance was restricted to separate loc­

ation. on the prea1.e that variation at one location waa entirely

uarelated to variation ··at the other and thua beat kept aeparate even

at the expen.. of reduced de,r... of freedo••

The analyae. of covariance for yield, plot protein

coatent, .ingle plant protein content and height are shown in

Table 4.9. All regres.ionl, except that for height at Nipawin.

were significant (p••01) and covariance re.ulted in a consider�ble

reduction in error ..an square, particularly at Nipawin. Adjusted

r values for genotype. were higher than unadju.ted r value. except

for height at Mipavin. Adjusted r value. for replicates were reduced

in .oat inataaces, and lo.t significance for aing1e plant protein

content at both location••

Thus,the overall effect of covariance analysis was to

iacrease preci.ion by reducing error variance. Replicate variance

&ad geaotype variance was also reduced. Adjustment was greatest
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Table 4.9 Analysis of covariance for yield, plot proteincontent, single plant protein content and heightof 25 genotypes grown at.Saskatoon and Nipawinin 1974

Saskatoon
Ni;e!winYield d.f. M,S, F MS' F M,S, F MS' F

Genotypes 24 240693 3.35** 246860 4,22** 228543 4.12** 192917 6,06**Replicates 3 238741 3.32** 119672 2.05 341477 6.16** 112513 3.54*Error 72 71854 58l;-87 55408 31817reduction 18�6% 42.6%b
.503** .866**

Plot protein
content

\J1
0Genotypes 24 12.78 6.00** 12.27 6.93* 15.20 5.89** 12.47 7�79**Replicates 3 14.16 6.65** 4.91 2.77* 73.45 28.47** 35.74 22.34**Error 72 2.13 1.77 2.58 1.60reduction

. 16.9"tb 38.0't6b
.539** .803**

Single plant
prote1n content
Genotypes 24 8.67 6.52** 8.34 6.95** 10,.05 2.73** 9.16 3.31**Replicates 3 6.30 4.74** 2.33 1.94 23.33 6.34*� 4.56 1.65Error 72 1.33 1.20 3.68 2.77reduction 9.8% 2.47%b

.338** .782**
Height
Genotypes 24 1705, 7.02** 1702 7.63** 1762 9.13** 1775 9.29**Replicates 3 216 .89 232 1.04 1526 7.91�* 671 3.51*Error 72 243 223 193 191reduct10n 8.2%b

1.26�* .20e.�s.MS'_ adjusted mean squares, with 71 degrees of freedom in the error term* and ** Significant at ��e .05 and .01 leve+ of F. respectively
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for yield, and decreased through plot protein content and single

plant protein content to height, for which covariance was not

significant at Nipawin. Least significant differences (.05) for

yield and plot protein content at Saskatoon were reduced from

391 to 352 and from 2.05 to 1.95, respectively. The corresponding

reductions in L.S.D. (.05) at Nipawin were from 343 to 260 a/plot,and

from 2.34 to 1.&51 for yield and plot protein content, respectively.

4.1.6 Simple correlations among traits

Simple correlations between the traits measured in this

study were made in an effort to identify the traits strongly

related to protein content. Results would provide an indication

of the effect of a change in protein content on other traits and

likewise the effect on protein content of a shift in one of the

ot hez traits. Hean values for yield, protein content, and single

plant protein content at both locations were adjusted by covariance

before calculation of the correlation coefficients.

Correlation coefficients were calculated separately for

each location, despite the statistical validity of combining

locations where correlations were homogeneous, because correlations

between traits may be conSidered biological phenomena and thus sub-

ject to interaction wi.th locations. Phenotypic correlations among

yield, plot protein content, single plant protein content, haulm

protein content, harvest index, height, seed yield/plant, protein

weight/plant, and haulm protein weight/plant for both locations are given

in Table 4.10. Genotypic correlations between" yield and protein

content were calculated for both locations, and were higher than

the corresponding phenotypiC correlations (-1.01 and -.697 for
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t
Single Seed HaulmPlot plant Haulm Harvest ,ield/ Protein proteinIrotein protein protein index Height plant wt/plant wt/plant

S'toon -.811** -.779** -.209 .009 .103 -.522** -.643** -.620**Nip. -.690** -.683** .... 049 -.087 -.009 -.309 -.506** -.241
Plot·_.

S'toon .846** .3.58 -.177 .034 .119 .284 .345
protein

. Nip; .844** .249 -.002 .199 .135 .480* .302
Single

S'toon .318 -.087 -.212 .271 .410* .381 \J1

plant
I\)protein

Nip. .284 -.087 .204 .153 • .538** .399*

Hau1m S'toon
-.266 .081 -.080 .03.5 .260protein Nip. -.214 .304 -.467* -.128 .295

Harvest S'toon
-.744** -.458* .281 -.155index Nip.
-.799** .248 -.04.5 - • .571**

Height S'toon
-.504* -.406* -.64Nip.
-.281 .013 .450*

S!�f%/ S'toon
.969** .758**

�an
Nip.

.859** .455*
Protein
S'toon

.877**
weight/
NiP:.

.75.5**
plant

*aDCl**Significant at the .05 and .01 level. re.peetivel,

Table 4.10 Simple correlation coefficients among nine planttraits of 25 genotypes grown at Saskatoon and
Nipawin in 1974 .



Saskatoon and Nipawin, respectively), but since no valid test of

significance is available for genotypic correlations, they were

not included in the analysis.

4.l.6.l.Yield and single plant traits

Yield was significantly (pw .01) negatively related to

single plant protein content, and protein weight/plant at both

locations, and �egatively related to yield/plant and hau1m protein

weight/plant at Saskatoon. Correlations of yield with hau1m protein

content and harvest index were low and not significant.' Height and

yield were not correlated at either location, indicating that one

of these traits may be independently manipulated without affecting

the other.

4.1.6.2 Plot protein content and single plant traits

Correlations between plot protein content and single

plant traits were similar at both locations. Plot protein content

was significantly positively correlated (p: .01) with single plant protein

content at both locations. Single plant protein content was generally

lower than plot protein 'content, b�t the genotypes were similar

With respect to both traits. At Nipawin, plot protein content was

significantly positively correlated (p: .05) with total protein

weight/plant. The correlation coefficient was positive, but lower

and non-significant at Saskatoon. The correlation coefficients between

plot protein content and hau1m protein content were low, positive and

non-significant.

4.1.6.3 Single plant traits

Single plant protein content was significantly, positively
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correlated with protein weight/plant at both locations (p= .05 at

Saskatoon; p: .01 at Nipawin) and with haulm protein weight/plant

only at Nipawin (p: .05). Thus, single plant protein content behaves

simUarUy to plot protein content. Likewise,· the correlation

coetficent between single plant protein content and haulm protein

content was positive, but low and non-significant. The relation­

ship between single plant protein content and protein weight/plant

(r: .410* and .538** for Saskatoon and Nipawin, respectively)

indicated that seed protein content has a closer relationship to

protein weight/plant than does haulm protein content (r: .035 and

-.128 for Saskatoon and Nipawin, respectively).

Haulm protein content was not 'significantly correlated

with any other trait except seed yield/plant at Nipawin. where the

relationship was negative. Harvest index was highly negatively

correlated (p: .01) with height at both locations (r.=-.744** and -.799**

for Saskatoon and NipaWin, respectively) and with haulm,protein weight/

plant (r: -.571**) at Nipawin. Harvest index was negatively correlated

(p: .05) with seed yield/plant only at Saskatoon. The low to mod-

erate values for r were unexpected in view of the fact that seed

yield/plant is one of the two components of harvest index. However,

the high correlation with height indicated that the proportion of

vegetative dry matter was the more important o.f the two in determining

harvest index.

Height was negatively correlated (p: .05) with both seed

yield/plant and protein weight/plant at Sas&atoon. At Saskatoon,

shorter genotypes were generally higher yielding on a single plant

basis. The same trend was apparent at Nipawin, but the correlation

-
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was not significant. Height was correlated (p: .05) with haulm

protein weight/plant at Nipawin but no such relationship eXisted

at Saskatoon.

Seed·yield/plant was positively correlated (p: .01) with

protein weight/plant and hau1m protein weight/plant at both locations.

Since haulm protein weight/plant is· a component of protein weight/plant

and is positively correlated (p: .01) with protein weight/plant,

this latter correlation is not surprising.

4.1.6.4 Yield and protein content

Yield and protein content were negatively correlated

(p: .01) among 25 genotypes at three locations in 1974, as well

as among 22 genotypes grown at Saskatoon for three consecutive

years. (Tables 4.11 a and b). Coefficients of determination

indicated that between one third and two thirds of the observed

variation in protein content was related to variation in yield.

Since yield and protein content were not strongly correlated with

the other single plant traits, there was no indication of a spurious

correlation of both traits to a third. From the. traits measured, there

was no indication. of the reason for a negative correlation.

4.1.7 Variance component analysis

If a random model for analysis is assumed, it is possible

to apportion total variance into main effects and interactions

which comprise the model as follows:

where

Yijk= u + ai + bj + ck + abij + eijk

the phenotypiC value of thet�th genotype at the jth
location (or year) in the k replicateYijk =

,
•
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Table 4.ll.a Correlation coefficients between yield and

protein content of 25 pea genotypes groWn
at three locations in 1974

Saskatoon Nipawin Bellevue

-.811**
65.8

-.690**
47.6'

-.759**
57.6

Table 4.ll.b Correlation coefficients between yield
and protein content of 22 pea a-typee' ...... in
three consecutive years at Saskatoon.J

1973 1974 1975

-.746**
55.6

-.603**
.

36.4

** Significant at the .01 level
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u = the population general ••an

th
ai

• the effect of the i genotype
th

the j location (or year)bj
= the effect of

th
ck

= the effect of the k replicate

and

th th

abij = the effect of the i genotype at the j location (or year)
th .

eijk
= the environmental effect peculiar to the i genotype in

th '. th
the k replicate of the j location (or year)

The .ode1s assumed for the variance component analysis of the two-

location and three-location, and the three-year analyses were of the

above type, with the assumptions made that location x replicate and

genotype x replicate interactions were non-existent and therefore

included into replicate within location and error effects, respectively.

The third order interaction was taken as the error term. The variaace

due to each component for both yield and protein content as ca1cul-

ated from the analyses of variance is shown in Tables 4.12 a,b and c.

The genotypic variance for yield was negative, for which

the beat estimate i. zero (Comstock and Robinson, 1955). This may

be partly explained by the large genotype x location and error

variances Which are subtracted in calculation of the genotypic

variance. There was much greater genotype x location variance for

yield (641 of the total) than for protein co ntent (191). Variance

due to genotype, was just slightly greater than error variance. In

contrast to yield, the genotype x location interaction for protein

content was only approximately 215 of the size of the genotypic

cOllponent.
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Table 4.12a Variance components for yield and protein
content of 25 pea genotypes grown in three
locatioDs in 1974

Source Yield variance
.

Protein variance
.

Genotype
Genotype x location
Error

O�
97,917
55,801

2.59
1.10
2.08

Table 4.12b Variance components for yield and protein content

of 25 pea genotypes grown at Nipawin and
Saskatoon in 1974

Source Yield variance Protein variance

Genotype
Genotype x location
Error

64,049
2.725
63.631

4.60
�32

2.35

Table 4.12c Variance components for yield and protein
content of 22 pea genotypes grown for three
years at Saskatoon

Source Yield variance Protein variance

Genotype
Genotype x year
Error

39,719
6.309
43.529

2.106
o *

1.539

* Best estimates of negative value.
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•

However, when the Bellevue location waa removed fro. the

analysia, the componenta of variance are altered markedly (Table

4.12b). The molt important change was in the proportion of the

variance due to genotype x location variance. That component dropped

fro. 641 to 21 for yield and from 191 to 41 for protein content. This

decreaae in genotype x location variance resulted in a relative increase

in the genotypic variance component, fro. zero to 491 for yield and

from 451 to 631 for protein content. Theae proportions represent

broad &ense heritability, or the ratio of genotypic to total observed

variance. The exclusion of one location (Benevue) bad a conlider-

able effect on the calculation of heritability.

The effect of years on yield and protein content was

quite different (Table 4.l2e). Genotypic variance for yield de­

creased slightly fro. 491 to 441 compared with the two-location

estimate, and decreased from 631 to 581 for protein content. Theae

values represent an additional estimate of b road-sense heritability.

The genotype x year interaction variance waa low for yield and

zero for protein content. Thus, in spite of large differences

in yield among years, the genotypes did not vary greatly in yield

relative to one another over different years. Since year variance

for protein content was small, the low genotype x year interaction

variance was not unexpected.
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4.2 Effect of stage of maturity on protein content

This study was undertaken to provide information on the effect

of maturity on protein content of field peas as an integral part of

Objective 2 (see Introduction) and also to substantiate the hypothesis

that the anomalous results at Bellevue (Section 4.1) in 1974 were

explainable on the basis of immaturity. Thus, ,the aims of this

experiment were as follows:

(1) To trace the accumulation of seed components, namely

fresh weight, dry weight, protein oontent and staroh content,of 25

pea genotypes through maturation;

(2) To provide information on the yield-protein relations�ips

of those 25 pea genotypes in an adjacent large-plot study by correlation

with the results from (1) above;

(3) To explain the results at Bellevue by correlation wt� �he

results from (1) above.

4.2.l_AnalYsis of variance for stage of maturity

The genotypes were harvested by hand as described previously

(Materials and Methods) on four dates from pod-filling to maturity,

i.e. July 21 and 28, August 7 and 21. Fresh weight, dry weight,

protein content, and starch content of the seeds were reoorded and

all traits except starch content were subject to analysis of variance

(Table 4.13). The mean values for each genotype are given in Tables

4.14 and 4.15. There were significant differences (p: .01) among har­

vests and genotypes, and significant (p: .01) genotype x harvest inter­

actions for each trait. The genotypes displayed similar developmental

patterns, although differing widely in amounts of �ry matter accumulated.

>-
-
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Table 4.13 Analysis of variance for fresh weight, dry
weight, and protein content of 25 pea geno­
types at 4 harvests at. Saskatoon, 1975

M.S. M.S. M.S. protein
Source a.r, fresh 1ft. dry weight content

Genotype 24 49,985-- 18,507-- 23.2-*
Harvest 3 242,114** 601,741** 467.7**
Genotype x karvest 72 12,801** 3,689*· 7.4**
Error 100 1,687 963 2.1

** SigDificant at the .01 level
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Table ·4.14 Mean values for fresh weight and dry weight (g/plot)
of 25 pea genotypes at each harvest at. Saskatoon,
1975

Genotype: Fresh weight Dry weight·
Harvest H- 1 2 3 4 1 2 3 4

W703 516 689 578 402 163 295 356 393
Trojan 220 543 740 367 U 177 371 360
P.l.324705 234 38lf. 430 306 38 143 246 275
W718 372 432 292 278 III 218 230 264
MP783 129 334 500 284 33 118 257 248
MP790 286 4.30 316 262 77 193 246 246
Triumph 150 443 392 258 22 124 199 236
P.l.356837 232 338 347 261. 44 128 234 236
P.l.356846 226 442 277 240 50 182 207 227
MP789 300 424 323 248 93 195 221 226
MP'l02 188 374 213 230 45 178 193 214
MP39 68 383 385 226 12 106 259 208
P.l.269812 258 328 259 222 72 180 226 206
p.l.357001 168 349 266 215 38 140 193 200

Lincoln ... U8 510 252 208 49 143- 220 1951
Trapper 188 259 186 208 49 143- 158 188
P.l.356885 92 376 320 203 14 126 184 184-
P.l.356834 298 301 204 188 82 160 177 .178
MP'l61 298 486 219 188 66 212 184 177
Petit Pois 260 261 162 182 70 164 146 172
century 132 321 218 175 25 139 158 163
P.l .206790 * 298 390 208 176 60 129 160 160
Dashaway 168 283 200 172 39 150 178 158
Palouse 356 192 143 152 114 136 134 142

Mean 242 385 305 235 60 164 213 218
S.D. 103 103 139 60 36 43- 57 59

... - wrinkle-seeded genotype .

Harvest dates 1. July 21
2. July 28
J. August 7
4. August 21

-
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Table 4.15 Days to flower, percent protein and percent
starch of 25 pea genotypes at each harvest
at Saskatoon, 1975

Percent Protein Percent Starch

Days to at Harvest Number at Harvest Number

Genot�l!!
'

Flo!er 1 2' � !J: 1 2 � !J:

P.l .206790 * 53 30.1 25.5 24.7 27.0 i 20.7 30.5 32.5 30.5
MP783 47 30.3 27.6 24.6 25.2 35.8 40.6 44.1 42.8
P.l.269812 47 27.3 26.8 25.2 24.7 35.5 42.6 43.8 43.3
P.I.324705 57 33.4 28.8 28.1 24.5 24.9 34.2 35.0 37.9
P.l.3570,Ol 55 31.9 26.7 2:3.7 24.5 19.2 35.7 40.1 39.4
Lincoln* 50 29.1 23.9 23.9 24.2 23.4 35.9 34.0 33.7
W'l18 46 28.4 24.7 24.1 23.8 34.3 43.1 40.9 43.8
P.l.356846 53 26.4 25.1 24.4 2.3.7 30.3 40.6 41.9 38.9
W703 46 28.4 24.7 24.1 2:3.8 34.3 43.1 40.9 43.8
P.l.356885 56 35.5 23.9 22.0 23.3 15.0 3'.4 45.6 45.6
Palouse 48 28.2 21.3 2:3.3 2.3.1 40.6 43.4 43.3 43.8
Triumph 57 34.1 24.4 23.9 2:3.1 19.7 40.9 44.6 44.3
Petit Pois 51 27.6 24.3 25.4 22.8 32.3 42.6 42.4 42.6
P.l.356834 50 26.1 23.8 23.9 22.7 35.7 42.6 43.1 43.8
P.l.356837 57 32.0 26.5 26.7 22.4 26.1 42.9 43.1 42.4
MP790 51 31.4 25.7 24.4 22.1 38.6 43.4 43.6 44.1
MP702 55 31.4 22.5 22.4 21.8 29.1 43.8 43.1 41.9
Trapper 51 27.5 2:3.5 22.9 21.7 32.5 41.9 43.6 43.6
Dashaway 55 25.9 22.8 22.3 21.5 34.7 42.6 45.1 45.3
MP789 48 26.7 23.3 24.2 20.9 32.5 43.8 45.1 45.1
Trojan 51 33.3 27.2 2:3.4 20.4 22.4 39.4 43.3 41.9
MP'l12 53 26.7 25.4 21.7 20.3 36.2 43.8 45.8 45.1
Century 51 29.6 22.1 21.7 20.1 29.3 44.3 45.1 45.1
MP39 57 35.2 23.9 18.8 19.8 16.0 36.9 45.1 45.2
MfZi, 20 22:2 20.2 20.2 18.2 28•2 !tQs2 !J:2.6 !J:2.8
Mean 51.8 29.5 24.5 .2:3.6 22.6 29.9 4{).7 42.4 42.4
S.D. 3.6 3.3 2.1 1.9. 1.9 ' 7.6 3.5 3.6 3.7
* wrinkle-seeded genotype
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The first harvest (Hl) on July 21 was 13-23 days ,post-flowering,

depending upon the genotype�and was chosen when the latest flowering

genotype had pods with ovules large enough to permit harvesting.

Fresh weight of most genotypes reached a maximum at harvest

2 (H2)" and declined subsequently as the mOisture content of the seeds

decreased (Figure 4.1,). There were some exceptions and these resulted

in the significant genotype x harvest interaction. Palouse, an early

flowering determinate cultivar, had a maximum fresh weight at Hl, whereas ,.'

�� 783, P.I.324705 and Trojan did not reach a maximum until the third

harvest (H3). However, the latter two were mid-late flowering and

were situated in a moist hollow in the plot area which allowed them

to continue development longer than other genotypes with less available

moisture. MP 783 was early flowering, but continued to accumulate

fresh weight up to H3.' It had considerably less fresh weight at Hl

than the other early flowering genotypes, indicating a slower jeriod

of development. The range of fresh weight among genotypes was greatest

at H3 and smallest at H4, indicating that differences among genotypes

increased to a maximum 28-38 days after flowering and then decreased

markedly at full maturity, i.e. 42-52 days after flowering.

The pattern of accumulation for dry weight was different

from that for fresh weight (Figure 4.1). Dry weight more 'than doubled

between Hl and H2, then subsequently increased slowly. Mean dry weight

at the last three harvests was not Significantly different. However,
-

maximum mean dry weight was reached at H4 where the range among geno-

types was also greatest. All weight lost on drying was assumed to be

water and the mOisture content of the dried peas, as determined by oven

drying, was 6.��. Thus, percent dry matter was calculated as 100 (dry

-.
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Figure 4.1 WeigLlt of seed components accumulated during maturation.
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weight-(.065xdry weight»/:rresh weiljht). On this basis the mean dry

matter contents for Hl to H4 were 23.�6, 39.7%. 65.�G and 86.8%,

respectively. After Hl the genotypes displayed a markedly similar

pattern of dry weight accumulation and did not differ in dry weight

between H3 and H4. Six genotypes decreased in dry weight from H3 to

H4 and probably contributed to the significant genotype x harvest

interaction.

Mean protein content decreased from Hl to H4, the largest

decrease occurring between Hl and H2 (Figure 4.2 and Table 4.15).

Mean protein contents of the last three harvests were not significantly

different, as With fresh weight and dry weight. the genotypes dis­

played a similar pattern of change in protein content. There were

two exceptions and these resulted in the significant genotype x

harvest interaction. MP 761 had a very low protein content (22.9%)

at Hl in contrast to all other genotypes which were above 25.9%.

MP 761 was also lowest in protein content at maturity. The protein

content of P.l.206790. a high-protein wrinkle-seeded genotype,

decreased from III to H3. but then .increased and was the highest at

maturity. The reasons for MP 761 being low initially and for P.l •.

206790 increasing at a late stage are not apparent. Although percent

protein content decreased with maturi·ty, the actual weight of protein

increased as shown in Table 4.16 and Figure 4.1.

For starch. both percentage content and weight increased

with maturity. the latter more rapidly than the former. From H2 to

ll4. starch'content increased by ¥� (1.7 percentage points; Table 4.l5)
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Figure 4.2 Change in percentage. of seed components with maturation.
i-lea.n of 25 pea-gel}ot;ypes.
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Table 4.16 Weight (g/plot) of protein and starch accumUlated
by 25 pea genotypes at each harvest at Saskatoon,
1975

Weight of protein Weight of starch
at harvest number at harvest number

Genotrpe 1 2 3 4 1 2 3 4

W'l03 42.4 66.0 82.4 92.0 62.6 124.9 148.2 172.3
Trojan 13.7 48.1 86.8 73.5 9.2 69.7 160.8 150.,
P.I.324705 12.7 40.9 69.2 67.2 9.5 48.6 86.0 103.9
'f'l18 31.5 53.8 55.4 62.7 38.1 93.9 94.0 115.3
MP783 10.0 32.3 63.3 62.2 11.8 47.5 113.3 105.8
TriumJh 7.5 30.2 47.7 54.4 4.3 50.7 88.7 104.6
MP790 24.2 49.5 60.0 54.2 29.7 83.7 107.3 108.0
P.I.356846 13.2 45.8 50.5 53.9 15.1 73.9 86.7 88.4
P.l.356837 14.1 33.9 62.1 52.7 11.5 54.9 100.4 99.6
P.I.269812 19.6 48.2 56.9 50.9 25.5 76.7 99.1 89.3
P.I.357001 12.1 37.4 45.8 48.7 7.3 49.9 77.5 78.4
MP789 24.8 45.4 53.5 47.4 30.2 ;·-8�.5 99.6 101.8
Lincoln * 32.0 47.5 52·5 47.2 25.7 71.6. 74.8 65.8
MP'l02 14.1 40.1 43.2 46.8 13.1 78.0 83.2 89.6
P.l.206790 * 18.1 32.9 39.6 43.3 12.4 39.4 52.0 48.9
P.I.356885 5.0 30.2 40.5 42.9 2.1 49.7 83.8 83.8
MP712 12.3 41.1 41.1 42.6 16.7 '11.0 86.6 94.6
MP39 4.2 25.5 ·48.8 41.3 1.9 39.2 116.7 93.7
Trapper 13.5 33.2 36.0 40.5 15.9 59.0 68.5 81.5
P.I.356834 21.4 38.1 42.4 40.4 29.3 68.2 76.3 78.0
Petit Pois 19.3 39.7 36.9 39.2 22.6 ·69+4 61.4 73.3
Dashaway 10.1 34.2 39.5 33.7 13.5 63.9 79.8 '71.1
century 7.4 30.7 34.2 32.8 7.3 61.6 71.2 73.5
PaJ.ouse 32.2 29.0 31.2 32.8 46·.3 58.9 58.1 62.2
MP761 1�11 �!lZ ;2Z.Z ;2212 2212 §6.Z �18 81.1
Mean 17.2 39.8 50.3 49.4 19.4 . 67.0 90.3 92.6
S.D. 9.5 9.3 14.3 ·13.9 14.4 19.1 25.1 26.3

* wrinkle-seeded genotype

-



and weight of starch by 38% (Table 4.16), while the dry weight and

protein weight increased by 34% (Table 4.14) and 24% (Table 4.16),

respectively, in the same period. Increases in dry weight, weight

of protein, and weight of starch were small or negligible between

H3 and H4. In other words, by 28 to 38 days after flowering

accumulation of the major seed components was virtually complete.

4.2.2 Simple correlations between harvests for various traits

Correlations between harvests for various traits were studied

in an effort to characterize development with maturity. Correlations

between harvests for fresh weight, dry weight, protein content and

starch content are shown in Table 4.17. Dry weight at Hl was pos­

itively correlated (p: .01) with dry weight at HZ. Likewise, fresh

weight and protein content were correlated (p= .05) between the two

harvests, but starch content was not.' None of the traits was

correlated between Hl and the last two harvests. The values

obtained at H2 were all correlated (p= .05 and = .01» to correspond­

ing values at H3 and H4, but the coefficients were only'moderate. Thus

by H2, a characteristic pattern for each genotype was beginning to

emerge. Correlations for each trait between H2 and H4 and between

HZ and H3 were similar. However, the correlations for both fresh

weight and dry weight between H3 and H4 were higher than those for

either protein or starch content. Thus, tinal genotype values for

fresh and dry weight (yield) were well established by H3, but protein

and starch content values were not. Both these latter traits under­

went changes among genotypes between H3 and H4. Thus, the genotypes

in this experiment had remarkably similar patterns of deposition of seed,

I
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Table 4.17 Simple correlation coefficients between
harvests tor fresh weight, dr.1 weight,
protein content and starch content in
the developing seeds of 25 pea genotypes

Harvest Harvest number
nwaber Trait 1 .2 3

F. lit. .450·

2
D. wt. .788··
Protein % .465·
Starch % .096

F. wt. -.021 .650··

3
. D. lit. .199 .442·
Protein % .073 .699··
starch % .021 .555·

F. lit. .268 .•725·· .895··

4
D. 1ft. .284 .535· .931··
Protein % .178 • .509* .648··
Starch % .136 .591· .710**

* and ** Significant at the .05 and .01 level respectively

-
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components, allowing for initial differences in days to flowering.

4.2.3 Simple correlations between traits within harvests

Simple correlations between traits within harvests were

performed to provide information on the strongly negative yield-

protein content relationship recorded among these genotypes in a

previous experiment (section 4.1) and to note any changes in those

correlations With advancing maturity. The correlation coefficients

between traits at each harvest are given in Table 4.18. Fresh

Table 4.18 Simple correlation coefficients between

traits within each harvest of 25 pea
genotypes at Saskatoon, 1975

Harvest number

1 2

F.wt.:D.wt. .961** .612** .922** .993**
Days to flower:F.wt. - .....630** -.118 . -�O52 -.179:
Days to flower:D.wt. -.734** -.458* -.210 ·-.205
Days to flower:Protein % .574** -.273 -.038 -.093
Days to flower:Starch% -.624** -.361 -.043 -.123
D.wt:Protein % -.556** -.313 -.081 -.020
D.wt:Starch % .895** -.204 .015 -.021
Protein %: Starch % -.777** -.396* -.510** -.666**

* am ** Significant at the .05 and .01 level, respectively

weight and dry weight were positively correlated at all harvests (p: .01).

The lower correlation at H2 occurred when fresh weight .was at a maxi-

mum. Days to flower were negatively correlated With·fresh weight,

dry weight and starch content at H1 (p: .01) and with dry weight at

H2 (p:: .05), since these traits Lncz-eaaed with maturity in the short

term. Protein content was positively correlated with days to flower

at Hl (p: .01). Since percent protein decreased over time, the

-r- r
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positive correlation merely reflected the immaturity of the later

flowering genotypes. Dry weight was �egatively correlated with

protein content (p= .01) and positively correlated with starch

content at Hl (p:::.•01). Protein content and starch content were

negatively correlated (p: .01) at all harvests (H2, p= .05). The

correlations of protein content and starch content with days to

flower and dry weight were significant (p::: .01) and of opposite sign

at Hl. However, these relationships did not extend :to later har-

vests where correlation coefficients between protein content and starch

content were lower than at Hl, but still significant. Dry weight (yield)

and protein content were not correlated after Hl in this study.

At H3 and H4, fresh weight and dry weight were positively

correlated (p:: .01) indicating that the seed of the different geno-

types had matured uniformly. Among the other traits, only starch

and protein content were correlated (negatively, p= .01). The

influence of days .to flowering on the other traits was no lOnger

evident.

4.2.4 Relationship of the maturity study to the large-plot study
in 1975

Plots measuring 4.8 by 1.2m of the same 25 pea genotypes were

seeded adjacent to the maturity study and allowed to mature fully

before harvest on August 21, concurrent w:t.th the final harvest of

the maturity study. Seed yield and protein content were measured, and

the protein yield/plot was calculated. The. analysis of variance is

given in Table 4.19 and the mean genotypic values are given in

Table 4.20. Genotypes were significantly different (p::: .01) for all

-
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Table 4.19 Analys�s of variance for yield, prote�n content
and prote�n y�eld of 25 genotypes at Saskatoon,
1975

Source d.f. M.S. Yield M.S. protein M,S. prote�n Yield

Genotypes 24 160721*- 4.66-- 6,245-·
RepUcates 2 22668 1.14 528
Error 48 48061 1.21 2.764

TOTAL 74

** Significant at the .01·1evel

--\
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Table 4.20 Mean values for yield (g/p1ot), protein content (%)
and protein yield (g/p1ot) of ,25 pea genotypes at

Saskatoon, 197.5

Protein yield
Genotype Yield s/plot Percent protein g/p1ot

MP39 2259 22.9 519
MP789 2145 22.5 482
MP7l2 2098 22.5 471
MP761 2084 a}.0 474
W703 '2054 23.7 487

'

Petit Pois 2024 24.3 491
century 2005 23.7 476
P.I.269812 2003 23.5 473 '

MP783 1990 23.5 468
MP790 1953 22.8 446
MP'l02 1889 22.9 434
Trojan 1862 ' 25.4 475
P.I.357001 1862 25.6 477
Triumph 1821 22.3 407
Trapper 1814 23.7 429
Dashaway 1812 23.1 lfJ.7
'1718 1752 23.8 lfJ.8
P.I.356885 1706 23.4 401
P.I.356837 1612 24.8 399
P.I.356846 1593 25.3 404
P.I.356834 1555 2.3.7 368
P.I.324705 1526 26.7 ; 406
Palouse 1519 2.3.0 350
Lincoln 1483, 25.0 370
P,I,206?20 1429 26.7 381

Mean 1834 23.9 437
S.D, 433 1.2 46
c.v. 1l.9% 4.6% 12.0%

-
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three traits and their performance was similar to that or the same

genotypes grown at Saskatoon in the two preceding years (Table 4.7).

Simple:correlations between traits are shown in Table 4.21. Seed

Table 4.21 Simple correlation coefficients between

yield, protein content and protein yield
of 25 pea genotypes at Saskatoon, 1975.

Seed

yield
Protein

.. content
Protein
yield

Seed yield
Protein content

-.596** .925**
-.253

** Signlficant at the .01 level
I

,

yield and protein content were negatively correlated (p: .01).

Protein yield was positively correlated (p: .01) with seed yield,

but not with protein content.

Correlations between the maturity study and the large plot

study for yield and protein content are given in Table 4.22. There

Table l�.22 Simple correlation coefficients between the

maturity study and the large-plot study at
Saskatoon for yield and protein content or·
25 pea genotypes

1

Harvest number
2

Yield:dry weight
Protein %:Protein %

-.116
.252

.039

.536**
.269
.540**

.189

.551**

** Significant at the .01 level
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was no relationship whatsoever between yield of the large plot study

and dry weight at any of the harvests in the maturity study. The

correlations between the two experiments for protein content were

positive and significant (p: .01) at all harvests except Hl.

4.2.� Relationship of the maturity study to the 1974 Bellevue large­

plot study

The third objective of the maturity study was to relate the

findings to the yield and protein contents of the same genotypes grown

at Bellevue in 1974. Accordingly, yield and protein data from the

.
I

1974 Bellevue large plot study were correlated with yield and protein

data, respectively, from the 1975 maturity study ove� the four har-

vests. Yield at Bellevue in 1974 was correlated (p �.Ol) With yield

of the same genotypes at HI and H2 ··at Saskatoon in 1975 (Table 4.23).

Table 4.23 Simple correlation coefficients of yield and
protein content,.,;,."".', II•......�"" � to

f1ewetr.·... : ��lt71.Wlt'-�.lcl\ 1Iftt.l. ;.-

content at ..11 1974.(25 genotypes)
·SaSkatoon

Harvest number Days to
Bellevue 1 2 3 4 flower

Yield .626** .551** .011 .116 -.758**
Protein % .435* .485* .304 .459* .481*

* ani ** S1gDiflcant at the .05 and .01 level, respectively

Protein content at Bellevue in 1974 was positively correlated (p: .05)

with protein content at each harvest stage at Saskatoon in 1975 except

H3•. Thus, the 1974 Bellevue data on yield and protein content were

.

.

closely related to the 1975 Saskatoon data at the first two harvest

-



stages, suggesting that the 1974 Bellevue experiment was harvested

at a stage physiologically comparable to H2 (20-30 days post flowering).

The negative correlation (r= -.758**) between days to flower at Sask­

atoon in 1975 and yield of peas at Bellevue in 1974 further supports

this by indicating that the later flowering genotypes were the

lowest yielding.
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4.3 Heritability of agronomic traits. protein content and methionine
content

As outlined in the Introduction, the objectives of this study

were to �cUlate 'heritability estimates for several agronomic traits,

protein content and methionine content. This experiment was also

designed to provide information on the mode of inheritance of, and

relationship between, protein content and methionine content, partic-

u1arly as they relate to breeding strategies for protein improvement.

4.3.1 Analysis of variance for agronomic traits, protein content and

methionine content

Yield, seed weight, days to flower, protein content and
I

methionine content of'the 19 parents and 21 F2'popu1ations in this

experiment (see Materials and Methods) were measured. Methionine

content was expressed both as weight of the meal (mg met/g meal) and

as a percentage of the protein (mg met/g protein expressed as %).

The analysis of variance for those traits is given in Table 4.24 and

the mean genotype values for each trait of the parents and F2 popu­

lations are given in Tables 4.25 and 4.26, respectively. There were

Significant differences (p: .01 and = .05) among'parental genotypes

for all traits measured. However, among F2 populations neither

protein content nor methionine content differed significantly.

There were significant differences between replicates (p: .01 and

.05) for days to flower, seed weight, and the two methionine content

traits.

Most traits were characterized by Similar means for both

parental and F2 population classes (Tables 4.25 and 4.26). In

addition, range (Tablos 4.25 and 4.26) and variance (Table 4.27)

of the F2 populations were generally smaller than for parents.



Table 4.24 Analysis of varianoe tor six traits in parents and F2 populationsin 21 crosses in peas at Saskatoon, 1975

Source Day to Seed weight Protein mg- met/s mg. met/gd.t._�
� �Yie1_d M.�. _

� fiower M.S. M.S. M.S.
_ meal M.S. .rotein M.S.

Genotypes
Parents

�2populations
Remainder
Replicates
Error

39
18 39490** 28.9** 9364** 9.46** 0.0711 * 0.0025*20 34500** 12.3** 4291** 1.40 0.0100 0.00131 19034 0.1- 42 15.82

-

---0.1380 0.00101 1891 5.0* 696** 6.16 0.3960** 0.0282**39 _ 72.37 1.1 _ 69 1.05 0.0083 0.0014
TOTAL 79

*and ** Significant at the .05 and .01 level of F, respectively

-..3
-..3
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Table 4.25 Mean values for S1% traits of 19 parental
...J.il:!.es ",o.t,�s. at_, S�l9.�n..l.����_._ � .' _ ....

Yield .Days to Seed weight Protein mg)met/g mg met/g
Genotne g/plot fiower e;/lOOO seeds % meal protein

Triumph 952 55.5 276.5 24.0 1.86 .77
MP706 915 49.0 208.5 25.6 2.00 .78
P.I.16485� 844' 49.0 192.5 29.5 2.24 .76
NRC335-338 829 45.5 14]..5 27.6 2.10 .76 .

MP39 810 55.0 130.5 26.4 1.96 .74
NRC 89-304* 770 51.5 214.0 28.9 2.31 .:80
Ceser 767 48.5 221.5 25.7 1.86 .72
century 760 50.0 214.5 24.7 1.83 .74
vn88 752 47.5 289.5 24.3 2.00 .82
P.I.324705 749 55.5 121.5 28.6 2.10 .73
P.I.210768" 749 -50.5 235.0 2.8.9 2.20

.

.77
Trapper 709 48.5 129.5 24.2 1.87 .77
Vedette 696 40.5 230.5 23.6 1.78 .75
HRC89-29" 688 50.5 215.0 29.4 2.14 .73
P.I.210675* 686 47.0 265.5 29.1 2.41 .83
P.I.179969 571 46.0 94.0 27.8 2.00 .72
P.I.206790* 556 51.5 298.5 28.0 2.31 .83
NRC21<>-49- 444 45.0 82.5 28.3 2.04 .72
TIny * £9 46,5 102,0 30.9 2.32 .75

Mean 719 49.1 192.8 27.1 2.07 .76
S.D. 140.4 3.8 68.3 2.2 .19 .04

* wrinkle-seeded genotype
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Table 4.26 Mean values tor six traits of 21 F2 populations
ot peas at Saskatoon, 1975

'2 Population
Yield Days to Seed wej.gh.t Protej_n mg.met/g mg-�met/g
g/plot flower 511000 seeds % meal protein

m88 x MP706 1043 48.5 2,31.0 26.3 1.90 .72
P.I.210678 x Trapper 894 49.9 183.5 26.9 1.93 .72.
P.I.210675 x Trapper 871 49.0 216.0 2.5.6 2..04 �80
m88 x Trapper 870 48.5 207.0 25.0 1.86 .74
NRC89-297 x Trapper 859 49.5 169.0 26.2 2.12. .80
m88 x !-1P39 :117 48.5 210.0 25.9 1.93 .74
NRC89-304 x Trapper -m 50.5 182.5 25.6 2..00 .78
P.I.324705 x MP706 813 49.0 135.5 27.2. 2..09 .77
P.I.206790 x MP39 802. 49.5 193.5 2.6.9 2.05 .76
NRC335-338 x Trapper 761 48.5. 174.0 24.0 1.94 .81
p.I.206790 x Trapper 752. 48.5 2.02.5 27.3 2.05 .75
P.1.206790 x MP706 738 49.0 22.6.0 27.2 2..05 .75
P.1.179969 x Ceser 726 45.0 145.5 2.6.7 1.99 .74
P.1.164853 x Ceser 717 48.0 214.5 27.2 2.01 .74
P.I.206790 x Ceser 713 48.0 293.5 25.8 1.93 .75
ro88.x Ceser 694 49.0 289.0 2.5.2 1.86 .74
P.1.324705 x Triumph 670 55.5 158.0 26.5 2.01 .76
P.1.324705 x MP39 619 55.5 131.5 26.1 2.00 �76
� x Ceser 594 48.5 167.0 25.9 2.00 .77
RRC21()..491 x Trapper 552 45.5 109.5 27.0 2.04 .76
P.I.324705 x Vedette 452 47.0 179.0 26�6 1.96 .74

Mean 751 49.0 191.3 26.2 1.99 .76
Std. dev:t.ation 131.4 2.5 46.3 0.86 .O? .03

J
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Table 4.27 Mean and variance of siX traits in parental and
F
2 populations of peas at Saskatoon, 19'75

Trait Class Mean Variance

Yield (g . /plot) Parents 719 19711

F2 populations 751 17250

difference 32.0**

Days to flower Parents 49.1 14.48
F
2 populations 4,.0 6.15

difference 0.1,

Seed weight Parents 192.8 4679
(g : /1000 seeds) F2 populations 191.3 2145

difference 1.5

Protein content (%) Parents 27.1 4.93

F2 populations 26.2 .736

difference ,9**

mg meth1onine/g Parents 2.07 .036
meal F2 populations 1.99 .005

difference .08

mg meth:1.on:1ne/g Parents .76 .001
protein F

2 populations .76 .001

difference .00

** Significant at the .01 level b.Y the t test
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However, mean yield of the F2 populations was 4.�;6 greater

than for the parental class (Table 4.27), indicating possible

dominance. In addition, the range'in yield of the F2 populations

(452 to 1043 g/plot; highest 131% greater than lowest) was similar

to that of the parental class (419 to 952 g/plotj highest l2�;6

greater than lowest) even though the variance was slightly smaller

(Table 4.27). ,Thus, it was apparent that yield, alone among the

traits measured, maintained a large proportion of the observed among-

parent variability.

Mean protein content of F2 populations was 0.9 percentage

pOints lower (p: .01) than the parental mean and variance under­

went a 'i-fold reduction (Table Lh27). The parental range of 23.6

to 30.�G protein (highest 31% greater than lowest) was very narrow'

relative to the range in yield and led to an even narrower range

among the F2 populations (24.0 to 27.2%, or a range of 13%) where

there were no significant differences (Table 4.24). In general,

low-yielding parents Vlere high in protein content and vice versa.

There was a 15 day range in days to flower among parents

(Table 4.25) which was reduced to 10.5 days among F2 populations

(Table 4.26). The decrease in range came from the lower end. In

other words, there were no F2 populations that flowered as early

as the earliest parent. Lateness for days to flower (55.5 days)

in two F2 populations was due to the fact that they were derived

from late-flowering parents which did not differ in days to

flower. The reduced variance among Fti populations (Table 4.27) is

indicative of the intermediacy of the progeny means between parental

I

-
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values.

Seed weight of parents (Table 4.2'5) ranged from 82.5 to 298.5

g/lOOO seeds (highest 26�� greater than lowest). This range is

double that for yield among the present genotypes and about eight

times greater than the range for protein content. Among F2 populations

(Table 4.26), the range decreased to 109.5 to 293.5 g/lOOO seeds

(highest 168% greater than lowest). As with days to flower, the

reduction came from ·the lower end of the range, with the upper level

being maintained by the population P.l. 206790 x Ceser F2, which

has a mean seed weight equal to that of its larger parent. The
I '

variance among F2 populations was less than half the variance among

parents (Table 4.27) and the mean of the two classes was virtually

identical.

Among parents, both methionine content traits exhibited a

very narrow but significant range (Table 4.25). The range in

mg met/g meal was from 1.78 to 2.41 (highest 35% greater than lowest).

but the range in mg met/g protein was .72 to .83 (highest 15% greater

than lowest). Among F2 populations the range of methionine as mg met/g

meal decreased by half while the range in mg met/g protein decreased

only marginally (Table 4.26). There were no significant differences

for either methionine trait among F2 populations.

4.3.2. Analysis of covariance to remove the effect of protein content_2!
methionine content

Since the seven wrinkle-seeded parents were the seven highest

in mg met/g meal, it was considered valid to correct for initial

differences in protein content before comparing these two groups for
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mg met/g protein. Both methionine traits were regressed on protein

content and the regression values are shown in Table 4.28. The

regression of methionine as mg/g meal on protein content was positive

and significant (p: .10to .05>, but the regression of methionine as per-

cent of protein on protein content was negative and highly significant.

These regressions show that as protein content increased, methion�ne cpn-

tent of the meal increased slightly, but methionine content expressed

as percent of protein decreased significantly.

Table 4.28 Regression of methionine as mg/g of meal and as

percent of protein on protein percent of parents
and F2 popuiations of 21 pea crosses at

Saskatoon, 1975. .

b t

Methionine as mg/g of meal on protein .�.
Methionine as •• .c PJ.'Otein on protein I

.b265
-.0186

.0138

.0051
1.921
3.628**

4.3.3 Comparison of smooth-seeded and wrinkle-seeded parents

Mean values of each trait of the seven wrinkle-seeded genotypes

were compared with the mean values of the remaining 12 smooth-seeded

parental genotypes and the results are shown in Table 4.29. Wrinkle-

seeded genotypes were lower yielding, heavier seeded, higher in

protein content and methionine content (mg/g meal), and after co-

variance adjustment for initial differences in protein content, sli-

ghtly higher in methionine as a percent of protein. Thus, the higher
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Table 4.29 Effect of seed shape on agronomic traits. protein content and methioninecontent of 19 pea genotypes at Saskatoon, 1975

Methionine MethionineYield Days to Seed weight Protein mg/g meal mg/g protein
Seed tyue aI�lot flower g/lOOO seeds content % unadjusted adjusted unadjusted adjustedWrinkled n=7 673 49.5 217 29.3 2.28 2.2.3 .78 .83Smooth n=l2 746 49.3 178 25.9 1.95 1.97 .75 .74Difference 73**- .2 39** 3.4** .33** .26** .02 .09* oe

-I=:-

*and ** Significant at the .05 and .01 levels respectively by the "t" test.



methionine content of wrinkle-seeded genotypes is a function of both

higher protein content and higher methionine content of that :protein.

The difference in methionine content between the two seed types is

however, of minor importance because the absolute level of methionine

found in the genotypes of this experiment was extremely low.

4.3.4 Correlation analysis

Correlations between protein content and the other plant

traits provide information on the likely effects of selection for

protein content on those traits. In the present study, simple

correlations between traits were based on the total number of entries as

well as on parental and FZ population classes and these correlation

coefficients are given in Table 4.30. All correlations were o'f low

order and generally non-significant. The exceptions were yield and

protein content which were negatively correlated (p: .05) for all

entries and the parental class but not ,for the FZ population class.

Yield was correlated (p: .05) positively with seed weight for all

entries, but not for the parental or FZ population classes. Protein

content was not related to either seed weight or days to flower,

indicating that these traits could be altered without undue effect

on protein content.

The two methionine content measurements were moderately

positively correlated, r= +.450** (Table 4.31). The methionine

traits were not correlated with yield or days to flower but mg met/g

protein was positively correlated (p: .05) with seed weight. Mg

met/g meal was positively correlated (p: .01) with percent protein.

That was to be expected since higher percent protein would mean

I
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Table 4.30 Simple correlation coefficients between yield,
days to flower, seed weight and protein
content of peas at Saskatoon, 1975

.

Protein Days to
Yield content flower

Protein All entries (n=4O) -.346*
content Parents (n=19) -.455*

F2 populations (0=21) -.133

Days to All entri.•• (n=40) .254 -.033
flower Parents (0=19) .428 -.055

F
2 populations (n=21) -.061 .370

Seed All entries (n=40) .342* -.246 -.058
weight Parents (0=19) .396 -.296 -.149

F
2 populations (0=21) .286 -.256 -.078

* Significant at the .OS level
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Table 4.31 Simple correlation coefficients between
two methionine traits and yield, days to flower,
seed weight, and protein content of peas at

S�katoon, 1975•. 40 genotypes

Protein Days to Seed mg met/g
Yield sontent flower weight protein

JIg met/g meal -.271 .733** .072 -.031 .450**

mg met/g protein .079 -.112 .090 .335*'

*ucl ** Significant at the .05 and .01 level, respectively
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more methionine on a weight basis. Thus, mg met/g meal is really

another indicator of protein content rather than an intrinsic

measure of protein quality. However, mg met/g protein could be more

correctly considered as an indicator of protein quality. This trait is

not related to protein content. Thus, protein content and methionine

as a percent of protein could probably be improved simultaneously

without negative interaction.

4.3.5 Heritability estimates for agronomic traits, protein content
and methionine content

Heritability of protein content in legume seed crops ranges

from zero to very high (see Literature Review). The reasons for

this range include different methods of estimation and differenc�

in non-genetic and genetic variation.

The value of the regression coefficient of F2 mean on mid­

parent value is numerically equal to heritability in the narrow

sense (Falconer, 1960). The data from the present study_':gLven in

Table 4.32 and Figures 4.3 to 4.1

Table 4.32 Narrow sense heritability of yield, days to

flower, seed weight, protein content, mg met/s
meal and mg met/g protein among 21 .

pea
crosses

Yield
D.q_ys to

'lower
Seed

weight
Protein mg met/g
eontent meal

mg met/g
'protein

Heritability h2=b .608n.s .SOO**' .970** �. .449* -.055n s·

* and ** SigDificant at the .OS and .01 level, reapecU•• ly
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Figure 4.3 Regression of F2 on mid-parent ,yield of 21

1100 pea crosses.
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Figure 4.4 Regression of F2 on mid-parent days to flower

of 21 pea crosses.
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Figure 4.5 RegresSion of F2 on mid-parent seed weight

of 21 pea crosses.
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Figure 4.6 Regression of F2 on mid-parent �rotein content of 21 pea crosses.
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Fip,ure 4.7 Reeression of r2 on mid-parent mg met/g meal

of 21 pea crosses.
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Yield was not heritable. The regression coefficient was

moderately high (b= .608), but the pOints did not conform to the

regression line as shown by the large standard error of the coeffic­

ient (Fig. 4.3). Days to flower was highly heritable (b= .800**).

The F2 values showed very good agreement with the mid-parent, as

evident from the regression line (Fig. 4.4). This indicated that

simple additive gene action controlled days to flower. Three F2
populations flowered approXimately two days before their mid-parent

value but, since ther� were no common parents, this could not be

taken to indicate non-additive genetic effects for the control of days

to flower.

Heritability of seed weight was very high (b= .970**-, Table

4.32), indicating excellent agreement with the regression line

(Fig. 4.�). Thus, seed weight was additively inherited and inter­

mediate between parents. Although six F2 populations deviated

strongly from the regression line, three in each direction, non­

additive gene action could not be inferred as other populations with

parents in common did not exhibit the same pattern. For example,

in two of the five populations with Ceser as a parent, dominance

for high seed weight was indicated but in the other three populations,

F2 values were intermediate. Cesar was the male parent in all crosses.

Maternal effects were ruled out as the maternal parents involved did

not show similar effects in the other populations where they were the

female parent.

Heritability of protein content waS.,moderate (b= .449*),

indicating that this trait was generally intermediate between parents

J
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in the FZ although deviations from the regression line were greater

than for days to flower and seed weight. No consistent pattern

due to common parents was evident from the regression line (Fig.4.')

so that non-additive gene action could not be inferred.

Heritability of methionine content expressed as mg met/g

meal was significantly heritable at a slightly higher level than

protein content (b = .486* J Fig. 4.7). However, when methionine

content Was expressed as a percent of protein, it was no longer

heritable (b. -.055, Fig. 4 ....··). As noted previously, mg met/g meal

was highly correlat�d with protein content (Table 4.31) and it

is possible that the heritability value may in fact be another

estimate of heritability of protein content rather than of meth-·

ionine content. Since methionine expressed as a percentage of

protein more accurately reflects protein quality, the fact that it

is not heritable has important ramifications for breeding strat­

egies.
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4.4 Effect of seed shape on seed weight

The differences between smooth- and wrinkle-seeded peas

have been well documented recently by. Kooistra (1962). They

include differences 'in starch content, amylose content of the starch,

sugar content, water uptake capacity, and starch granule size and

shape. Shia (1976) added protein content to that list, reporting

that wrinkle-seeded peas were approximately three percentage pOints

higher in protein content than .smooth-seeded sibs in progenies from

three crosses. He also found that the wrinkle-seeded types were

lower in yield, seed weight, and starch content and attributed the incre­

ase in protein content partly to the diminution of these other traits.

This present studY.was undertaken as an integral part of

Objective Two (see Introduction) to examine the effect of seed shape on

seed weight and its consequent influence on protein content, especially

follOwing the apparent anomaly between the results of the previous

study (section 4.3.3) and those of Shia (1976) with regard to seed

weight. Both studies showed that wrinkle-seeded peas were about three

percentage pOints higher in. protein content than smooth-seeded peas.

However, the wrinkle-seeded parents were higher in seed weight

(section 4.3.3), where Shia (1976) reported' that the wrinkle-

seeded progenies were lower in seed weight than the �mooth-seeded

peas with which they were compared.

4.4.1 Seed weight of parents and progeny of segregating populations

Seven of the parents in the previous heritability study were

wrinkle-seeded and 10 of the F2 populations were segregating for

,seed shape. These parents and F2 populations were used to examine

the effects of seed shape on seed weight and, indirectly, protein
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Mean seed weight for pare�ts and progeny' of the 10 F2 populations

segregating for seed shape is given in Table 4.33. As noted in the

heritability study, mean seed weight of the F2 populations was

intermediate between the parents and in fact was no different from

the mid-parent value. However, when the populations �ere subdivided

into smooth and wrinkled seeds, the mean seed weights of those groups

differed by 30.3 g/lOOO seeds (p: .2 to .1). Within each F2 popul­

ation, wrinkled seeds were lower in weight than their smooth counter-

parts and lower than the population mean. The weight differential

was l�. However, wrinkle-seeded parents in 8 of the 10 crosses

were heavier seeded than the smooth-seeded parents by An average of

76.5 gflOOO seeds, or 46% (p: .025). Thus, in two generations there

has been a complete switch of the association between wrinkled seeds

and high seed weight to wrinkled seeds arid lower seed weight.

4.4.2 Number and' size distribution of smooth and wrinkled seeds

fTO! aesregasiv·PlPulatioDa

In order to test the possibility that· the wrinkled

seeds had a lower lOOO-seed weight by virtue of a different size

distribution from smooth seeds, all seeds harvested from the plots

in one replicate were sorted into smooth and wrinkled, counted, and

then size graded (see Materials and Methods). Each population was

tested by Chi-square for goodness of fit to the 5:3 ratio expected

for a single gene dominant trait in the F3 generation (Table 4.34).

The weight and number of seeds in each size category ar.· .....�·lD

Table 4.35. The Chi-square .. test (Table 4.34) showed that· the

observed frequency matched the expected in only one population_
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Table 4.33 Mean seed weight of smooth-seeded and wrinkle­seeded parents and 10 F2 populationssegregating for seed shape

Mean seed weisht gL1000 seedsF2 populations g2 fir. 1"2 B.&'2 mid-parent Wr.parent . S.parent
P.I.206790 x MP706 226 410 250 254 299 209P.I.206790 x Trapper 202 195· 228 215 299 130

.

P.I .206790 x Ceser 293 270 315. 261 299 222P.I.206790 x MP39 193 185 217 215 299 131 \0
\0

NRC89-304 x Trapper 182 163 177 172 214 130NRC89-297 x Trapper 169 165 195 173 215 130P.I.210678 x Trapper 183 155 180 183 235 130P.I.210675 x Trapper 216 183 222 198 266 130P.I.164853 x Ceser 214 210 240 208 193 222
..

167
162

. Tiny x Ceser
155 170 102 222Mean

204.5 189.1 219.4 204.1 242.10 165.6
S.D.

36.95 35.11 43.43 33.72 64.23 45.9
Difference

-30.3
76.5

-.

t .

1.73 n.
3.06*

,

* Significant·at the .os 1."el

..
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Table 4.34 Number of smooth and wrinkled seeds in lO F

populat10ns from crosses between smoot�­
and wrinkle-seeded parents

.

Wrinkled seed no. Sm!2!2th seed n!2, Total Chi-squared
Populat1on observed expected observed expected number 5:3

P.I.206790 x MP706 848 1083 2040 l805 2888 81.8(.005)

P.I.206790 x Trapper 990. 1073 1872 1789 2862 10.32(.005)
P.I.206790 x Ceser 889 859 1403 1432 2292 1.6'(.2"';.1)

P.I.206790 x MP39 1773 1605 2508 2676 4281 27.9(.005)
NRC89-304 x Trapper 1035 1713 35.23 2854 4567 429.6(.005)
NRC89-297 x Trapper zizi 1722 2472· 2870 4593 147.6 (.005)
p.I.210678 x Trapper 1589 1878 3428 3129 5008 75.5(.005)
P.I.210675 x Trapper 1375 1308 2112 2179 3487 5.5(.01)
P.I.164853 x Ceser 1100 971 1491 1619 2591 27.3(.005)

Tiny x Ceser 1058 1222 2200 2036 3258 35.2(.005)

TOTAL 12778 13434 23049 22389 35827 51.5(.005)
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P.!. 206790 x Ceser. OVer all populations, the number of wrinkled

seeds was less than expected.

The Chi-square test for independence is presente� in Table

4.35. The null hypothesis was that seed size distribution was indep­

endent of seed shape. The null hypothesis was rejected in all popul­

ations but one. Thus, seed size was dependent on seed shape in all

F2 populations except P.!. 206790 x Ceser (Table 4.35). Although

the mean seed weight of smooth seeds was higher than for wrinkled

seeds (Table 4.33), this relationship is not evident in Table 4.35

where seed � is compared instead of seed weight. Further,

Table 4.35 shows that there were not more smooth seeds than expected

in the larger size categories, nor more wrinkled seeds than expected

in the smaller size categories, which could have contributed to the

mean weight differential.

When seed weight determinations were made for each size

category, the heavier seed weight of the smooth' seeds was again

evident (Table 4.36). Thus, in each size category, where smooth and

wrinkled seeds have the same external diameter, wrinkled seeds are

lighter than their smooth counterparts. Seed size and seed weight

are. not synonymous, especially when comparing smooth- and wrink!e­

seeded peas.



Table 4.36 l00-aeed weight (in grams) in each s:Lze category ofsmooth and wrinkled seeds from 10 segregating F2populations

=18/64" =16/64" =14/64"
'2_l»Opulat1on Smooth WrlPkled Difference Smooth Wr1.nkled Difference Smooth Wripkled DifferenceP.l.206790 x MP706 29 2.3 6 22 17 .5 16 -

-P.l.206790 x Trapper 28 23 .5 21 16 5 15 12 3P.l.20679O x Ceser .

33 30 3 23 18 5 - -
-P.l.206790 x MP39 2.7 2.4 3 21 17 4 16 13 3NRC89-304 x Trapper 2.6 2.3 3 21 17 4 16 12 4

1-'.

NRC89-2.97 x Trapper 2.4 21 3 20 1'7 3 1.5 13 2 aP.l.210678 x Trapper 2.5 22 3 20 16 4 15 -P.l.2106'7.5 x Trapper 28 23 .5 22 1'7 5 16 13 3P.l.1648.53 x Ceser 2.9 25 4· 22 16, 6 17 -
-:r±D.YxCeser 53 20 3 2.0 15.5 4.5 17 12.5 4.5Mean 2'7.2 23.4 3.8* 21.2 16.6 4.6** 15.9 12.6 3.3**

St»'
2.9 2..72. 1.03 .7.5 .78 .49

*and ** denotes significance at the level of .05 and .01, respectively by the Itt test

,
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4.5 Variation in protein content and other traits among 1071
genotYpes from the U,S,D,A, World Pea Collection

In 1975, 1071 genotypes were grown in 17, 2-replica�e
8%8 partially-balanced lattices along with the check variety Trapper

in each lattice. Bartlett's test for homogeneity of error variance

showed that the separate lattices could not be combined for a complete

analysis ot variance. Thus, an analysis ot variance was performed on

each lattice separately. To obtain distribution curves, genotype

values were converted to a percentage of the lattice mean and then

analyzed tor skewness and kurtOSiS. Correlation coefficients between

the traits were calculated on a single lattice basis.

4.5.1 AnalYsis of �ariance tor yield, protein content, protein Yield
and oed weight

. Analysis of variance and covariance was performed for

each trait in each lattice. Where relative efficiency was greater

than 100 relative to RCBD, the genotype means were adjusted. They

were then tested for significance by the approximate-F test. The

L.S.D, value was Bayesian (Duncan, 1965) which tends to avoid type II

errors when the F ratio is large and tends to avoid type I errors when

the F ratio is small.

4.5.1.1 Yield

The analysis ot variance for yield showed that there

were significant differences among genotypes in all but two of the

lattices (lattices 2 and 4, Table 4.37). The efficiency ot the

partially balanced lattice design ranged from 91.5 to 160.1% relative'

to RCBD. However, in most of the lattices the value was just slightly

greater than 100. Two lattices' were exceptions with efficiencies ot

125.9 and 160.1. Only three were noticeably less efficient than RCBD.

,'tice
moan y:i.old "¥nged tram 593.6 to 11413.4 g/plot. Three of the
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4.37 Data frOm analysis of var1.ance for yield :Ln 17 partially
balanced 8x8 lattices at Saskatoon in 1975

Relative
Latt:Lce efficiency

"# Yield M,S. vs.RCBD Mean g/p1ot LeSeD. C.V.%

1 49384-* 102.1 756.7 185.5 12.2

2 26637 100.0 760.0 274.8 17.9

3 27091- 100.3 687.8 247.4 17.9

4 37880 91.5 651.2 336.5 25.8

5 46904" 102.3 686.0 276.6 20.2

6 39212-* 104.4- 698.8 200.9 14.4

7 39025** 98.0 814.5 204.6 12.6

8 50905** 103.6 915.3 258.2 14.1

9 67526-- 125.9 1148.4 274.5 11.9

10 124486-* 100.2 1040.1 273.8 13.2

11 14882-- 160.1 595.7 140.5 11.7

12 20483-- 99.9 696.8 160.5 11.5

13 22094*- 108.4 617.6 199.7 16.0

14 19'710" 106.6 724.6 i64.4 11.3

15 28725-* 94.5 631.6 158.4 12.5

16 13045** 100.5 694.5 152.3 10.9

17 12450** lOS.7 593.6 138,3 11,6

Mean 747.0

- and -* significant at the .05 and .01 level or r, respectively
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lattices, nos. 8, 9 and 10, were situated in a moist hollow and they

had more available water than the other lattices. Consequently, the

genotypes grew taller, matured approximately two weeks later, and

yielded higher than genotypes in the other lattices. Coefficients

of variation (C.V's) ranged from 10.�� to 25.8% and averaged 14.5%.

Eleven of the values were 16% or below, which may be considered accept_

able for two-replicat& tests involving a considerable number of geno-'

types. Genotype Dean yields are shown in Appendix 2.

4.5.1.2 Protein content

There were highly significant differences among genotypes

in each of the lattices for protein content (Table 4.38). Relative

efficiency of the partially balanced lattice design was in the

range of 84.5 to 126.4% relative to RCBD. As noted earlier for yield,

most of the lattices gave efficiency values close to 100, indicating

that variability for protein within plots was not greatly reduced by

the lattice design. It also indicates that local variability over the

area of the lattice was :not very great except in one case (lattice

no. 6) where the efficiency was 126.4%.

Mean protein content of each lattice ranged from 24.5

to 27.6% with an overall mean of 26.1%. Thus, protein content was

much less variable among the lattices than' yield. C.V's for protein

content were low, ranging from 2.8 to 4.9%. Genotype mean protein

contents are shown in Appendix 2.

4.5.1.3 Protein yield

Protein yield was calculated from yield x protein per­

centage and expressed in grams/plot. ABel,.,. of Yarlance-(Table 4.39)

abo... that r.aa1t8 ..re·yery .t.tlar to 'the reaulta·of·,l.1d OD a lattlce

,
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Table 4.38 Data trom analysis of variance for protein
content in 17, 8x8 partially balanced
lattices at Saskatoon in 1975

Relative
Lattice Protein efficiency Mean

# M.S. vs.RCBD .rotein % L.S.D. C.V.

1 3.25** 84.5 26.4 2.24 4.2

2 2.16** 113.1 26.0 1.79 3.4

3 5.55** 102.3 25.9 1.78 3.4
4 3.41** 100.0 26.1 2.08 4.0

5 7.09** 102.3 26.7 2.07 3.9

6 6.57·* 126.4 26.8 1.81 3.4

7 5.00·· 108.7 26.4 1.47 2.8

8 4.19·· 100.1 25.7 2.17 4.2

9 4.28·* 103.9 24.5 2.42 4.9

10 5.84·· 100.5 26.1 1.78 3.4

11 2.89** 93.6 25.6 1.79 3.5

12 3.36·· 87.4 26.2 2.10 4.0

13 4.88·* 89.1 27.4 2.05 3.7

14 5.45** 99.8 25.9
. 2.12 4.1

15 3.24·* 91.0 ·25.5 2.54 4.9

16 1.80** 100.1 25.3 1.74 3.4

17 4,75** 100.0 27.6 1.88 ,.4

Mean 26.1

* aDd ** Slpiflcant at the .OS aDd .01 level of P,re.pectlvely
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Table 4.39 Data from analysis of variance for proteiD
yield in 17 partially balance 8x8 lattices
at Saskatoon in 1975

Relative Mean y:Leld
Lattice Y1.eld of efficiency ot protein
# protein M,S, vs, RCBD Uplot L.S.D. C,V.

1 2841** 100.1 198 -, 54.0 13.5

2 1491 99.9 196, 68.4 17.3

3 1545* ioo.o 177, 60.7 17.0

4 2253 92.7 169· 82.3 24.3

5 . 3683** 101.0 183
-

75.4 20.6

6 2592** 103.8 186". 55.4 14.9

7 2339** 100.1 214·. 55.0 12.8

8 2804** 103.2 234. 64.8 13.8

9 3583** 107.0 280 .. 77.9 13.9

10 6572** 107.5 269 67.3 12.5

11 835** 154.6 152- 37.3 12.2

12 1375** 100.0 182 46.3 12.6

13 1552** 106.9 108 54.3 16.0

14 945** 112.3 187. � 42.7 11.3

15 1545** '1.0 160 .

44.1 13.7

16 911** 103.7 175 40.5 11.5

17 837** 111.0 163 .. 36,1 11.0

Mean 194.

* aDd ** Slplflcaat at the .OS &Del ,01 level of P ,respectlvely

""", l
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basis. Again, in lattices 2 and 4, genotypes were not significantly

different for protein yield and the level of significance in lattice

3 was .05 compared to .01 for all other lattices where significant
� .

differences eXisted. Lattice mean protein yield ranged from 160.1

to 280.1 g/plot. C.V's for protein yield in each lattice also foliowed

C.V1s for yield very closely. The close l"elationship between these two

traits will be described later (section 4.5.6). Mean genotypic values

for protein yield for each of the lattices is given in Appendix 2.

4.5.1.4 Seed weight

There were significant differences (p: .005) in 20O-seed

weight among genotypes in all lattices (Table 4.40). Although the range

in seed weight of individual genotypes was considerable (see Appendix

2), the range of lattice means was not, indicating that the genotypes

were randomly distributed among the lattices with regard to seed weight.

For this trait there was no marked or consistent increase in the effic-

iency of the partially balanced lattice deSign, which is similar to the

findings for the other traits. Mean C.V. was relatively low (6 to 7%), but

the range among lattice mean C.V. was greater than that for the other

traits. This was due in part to the use of an electronic seed counter

for the genotypes in lattice no. 7. When the machine was subsequently

found to be inaccurate, its use was discontinued. Seed counts of

genot1p8S in all other lattices were made by hand.

4.5.2 Distribution of each trait among the genotypes

The objective of this study of a large number of genotypes

under replicated conditions was to evaluate the distribution of

yield, protein.content, and seed weight over a wide genetiC bas�.
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Table 4.40 Data froll analyns of variance for eeed weight in 17
partially balanced 8x8 lattices at Saskatoon in 1975

Relative
Lattice Seed efficiency Mean 200-

"# weight M.S. Vs, RCBD seed weight L.S.D. C.V.

1 288.9*· 91.3 33.5 3.7 5.5

2 289.5** 88.4 33.2 5.9 8.9

3 202.8*·' 104.5 36.9 2.7 3.6

4 131.0** 100.2 31.5 2.4 3.7

5 122.5** 100.1 37.7 4.2 5.6
6 143.4** 100.3 4J..O 3.5 4.3

7 218.1** 100.0 43.1 10.6 12.3

8 414.6** 105.3 44.8 6.5 7.2

9 293.8** 106.1 37.4 4.8 6.5
10 365.5** 87.7 33.7 4.5 6.6

11 251.1** 95.8 34-.2 7.7 U.2

12 281.5** 96.0 34.8. 4.9 7.0

13 136.5** 100.4 36.2 5.3 7.2

14 174.7*- 99.0 35.0 4-.9 7.0

15 688.6** 91.1 43.7 3.9 4.4

16 206.6*· 97.2 44.2 5.5 6.2

17 151,3*· 106.9 40.5 5.0 6.1

Mean 37.7

*** Significant at the .01 level of F
!�

•

� I
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However, Bartlett's test for homogeneity of error variance showed

that the data from each of the lattices could not be combined for

analysis of variance. Further, since the value for mean yield of

each lattice varied from 593.6 to 1148.4 g/plot it was considered

that individual genotype means trom all lattices could not be combined

to ]�roduce a valid distribution curve for that trait. Since yield

was associated with yield of protein and protein content, non-genetic

variation in yield would lead to spurious distribution curves in those

traits too.

The licensed cultivar. Trapper had been included in each

lattice for use as a conversion factor for the other genotypes. Mean

yield and protein content of Trapper were compared with the lattice

mean values to ascertain the response to changes in environment (Table

4.41). The regression of Trapper yield and protein content on the

lattice means showed that this variety had a virtual unit response

to the environment (b:: 1.03••• and 0.96., respectively for these

traits). However, correlation coeffiCients showed that, while

Trapper yield and mean yield of all genotypes in each lattice were

closely related (r- +.878··), the relationship for protein content

was only moderate (r= +�577·). Thus, Trapper protein content was not

strongly indicative of ·the mean levels of protein content in a given

lattice•. The range exhibited by Trapper over these 17 lattices, 24%,

was relatively high, compared to the variation in protein content

shown by this variety in Cooperative Tests across Canada, i.e.1971 -

22% (11 locations), 1972 - 30% (10 locations), 1974 - 12.4% (8 loca­

tions), 1975 - 16% (5 locations). For this reason,' the Trapper'

check Was not used as a conversion factor.
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Table �.41 Relationship between Trapper mean and lattice
mean. for yield and proteiD content

Lattice Mean yield g/p1ot Mean protein %
# Trapper Lattice Trapper Lattice

1 858 757 25.9 26.4-
2 887 760 25.� 26.0
3 �9 688 25.0 25.9

4 643 651 2�.9 26.1

5 889 686 2'.1 26.7
6 592 698 27.9 26.8

7 983 814 25.6 26.4
8 1032 915 24.6 25.7

9 1258 1148 22.5 24.5

10 1173 1040 24.3 26.1

11 711 596 23.1 25.6
12 689 697 23.9 26.2

13 727 618 25.6 27.4

14 903 725 24.0 25.9

15 888 632 25.4 25.5

16 866 692 26.1 25.3

17 691 594 25.6 27.6

'% 861 747 25.1 26.1
b 1.03·· !,,14 .96�35
r .878·· .577·

*and** Significant at the .OS and .01 1•••1. r••pacti•• ly
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Hence, genotype mean values for each trait were converted

to a percentage of the lattice mean for those traits and then all

genotypes were combined to provide distribution curves. Presumably,

the lattice mean provided a reasonable estimate of the environment

(or non-genetic variation) over the .area of that lattice, since it

contained 64 randomly assigned genotypes and, thus, would not be �trongly

int�ractions.·

4.5.2.1 Distribution of yield

The distribution curve for yield of 1071 genotypes closely

resembled a normal distribution (Figure 4.9). Mean, median, and

mode were essentially identical. Yield of genotypes ranged from 34.6

to 172.4% of the mean, i.e. a 4-fold difference from lowest to highest.

The curve was negatively skewed (p: .02), i.e •• to the lower end, but

the skewness was not particularly evident by eye. The test for

kurtosis was negative (p: .01), indicating that there were fewer.

values close to the mean and far from it than expected. In other

words,the central portion of the curve was broader than normal.

4.5.2.2 Distribution of protein content

The distribution curve for protein content also closely

resembled a normal distribution (Figure 4.1t) Mean, median and
\

mode were si�tlar. There appeared to be a slight surfeit of genotypes

on the lower shoulder of the curve and a slight deficit on the upper

shoulder. There was very slight tailing to the upper end of the

curve as indicated by the skewness (p: .1). The range in protein

content among the 1071 genotypes was narrow, i.e. 85.1 to l18.�� of the

.

mean. Thus, there was only a 0.4 - fold difference between lowest and

highest. This is only one-tenth of the range in yield ot these same

L-..... .
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Figure 4., .l)istril>ution of yield among 1071 genotypes from the (J. S. D, A.

World rea Collection.
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Figure 4.11 Oistribution of protein content among 1071 genotypes from

the U.S.D.A� �rld Pea Collection.
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genotypes. There was negative kurtosis (p: .01) indicating that, as

for yield, the distribution was broader and flatter �cross the top

than would be expected in a theoretical normal distribution.

4.5.2.3 Distribution of protein yield'

The distribution of protein yield closely I
resembled a

normal distribution (Figure 4.11) and was similar in most respects

to the curve for yield. Mean and median were identical (100.0»)
but the mode was slightly higher (106.2). Protein yield among

genotypes ranged from 33.6 to 165.� of the mean, giving a 4-fold

range from lowest to highest. There was negative skewness (p:.2) and

negative kurtosis (p: .01). The curve was slightly more noticeably

skewed to the lower end than the yield curve.

4.5.2.4 Distribution of seed weight

The distribution curve of seed weight was similar to a

normal distribution (Figure 4.12). Mean, median and mode were vir­

tually identical. There was slight but positive skewness (p: .02) to the

upper end of the curve. There was no kurtOSiS, indicating that this

curve most strongly resembled a normal distribution in proportion of

values close to and distant from the mean. Range was considerable.

There was an 8-fold increase from smallest to the largest value.

On the assumption that seed weight was negligibly affected

by environmental variation (as evidenced by its high heritability),

a distribution curve of actual seed weight was drawn from unconverted

genotypic values (Figure 4.13) •. This curve varied little from the

curve of converted values. Mean, median and mode were virtually

identical. The range in seed weight among genotypes was from 10.4

r
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Fig:Jre 4.lliiistrioution of ::.rutein yield ai;long 1071 geuotype s f ro-n

the u. S. u.A. :!orld Pea Collection.
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Figure 4.11 vistrioution of seed weight among 1071 genotypes from

the �.S.D.A •. World Pea Collection.
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Figure 4.1. uistribution of actual seed 'lNeight among 1071. genotypes

frob\ the U.S.D.A, '..lorld Pea Collection.
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to 81.5 g/200 seeds, i.e. an 8-fold increase. The skewness to the

upper end of the curve was more evident, and negative kurtosis (p= .01)

was present. Thus, conversion to a percentage of the lattice mean

affec·ted seed weight distribution by slightly decreasing tailing to the

upper end of the curve, and by grouping genotypes closer to the mean.

4.5.3 Distribution of the traits among smooth-seeded and wrinkle­

seeded.genotYpes

To test for differenc�· between smooth-seeded and wrinkle-

seeded pea genotypes in the measured traits the�whole population was

subdivided into the two seed shape categories and a distribution was

formed from each for the 4 traits. The percentages expressed were

those obtained by converting individual genotype means to a percentage

of the lattice mean. There were 864 smooth-seeded(plus 17 Trapper

values) and 207 wrinkle-oeeded genotypes.

4.5.3.1 Distribution of Yield

The distribution curve for yield of the smooth-seeded gen�s

<figure· 4.14) ... lICIt noticeably dlffer8llt fro. that of the _ole

popalatiOD. Naximum and minimum values were unchanged and, thus,

the 4-fold difference between smallest and largest still applied. Both

skewness and kurtosis were negative as before. There was a 1% increase

in the mean and median, but no change in the modal value.

The distribution curve for yield among the wrinkle-seeded

genotypes was basically normal-shaped (rigar.-4.1S),but cORslderablywore

uaeveD t��the curve for all genotypes. The range .in yie�d

was narrower than for smooth-seeded genotypes, i.e. 48.1% to 144.9%

of the whole population mean. Thus, there was only a 2-fold differ-

ence between lowest and highest yielding genotypes. Wrinkle-seeded

L lenotYpes did pot r�ach the low or high yield values of smooth­
"'
..

I_lJIIIII
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J?igilrc 4.14 .L)istribution of yield among 864 smooth .. seeded genotypes

f r orn the d. S. D. A,. ��orld Pea Collection.
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,;_;igure �.U 0istrioution of yield among 207 wr Lnk l e-cseeded genotypes

from tile U. S.0. A. '.1orld Pea Collection.
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seeded genotypes. The distribution was not skewed, but negative

kurtosis (p: .01) indicated that the distribution was broader and

flatter than expected. The major difference between the distrib­

utions was in mean value. Both mean and median of the wrinkled

seeded genotype distribution were 95% of the whole population mean,

but the mode was considerably lower at 83.�fo.

4.5.3.2 Distribution of protein content

The distribution curve of protein content among smooth­

seeded genotypes was very similar to that for the whole population,

and approximated a normal curve, (Figure 4.16). The minimum value

was �nchangedJ but the maximum decreased by �fo and, thus, range was

slightly decreased. The curve was not skewed, but exhibited negative

kurtosis (pa .01). Mean and median dropped slightly to 98.&fo whereas

the mode remained at 100% of the whole population value.

The curve for protein content among wrinkle-seeded geno-

types was basically dome shaped and somewhat uneven (Figure 4 •.17). It was

skewed (p: .02) to the lower end and exhibited negative kurtosis

(p: .01). Range was marginally smaller than that for smooth-seeded

genotypes and the decrease was from the lower end of the range.

The difference between extremes was 0.3-fold. However, there was an

increase of 5% in both mean and median. The modal value increased

fUrther to 108.2% of the whole population value. Thus, average

protein content of the wrinkle-seeded group exceeded that of the

smooth-seeded group by approximately 6% of the mean.

4.5.3.3 Distribution of protein yield

Distribution of protein yield of the smooth-seeded geno-
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Figure 4.16 ilistribution of protein content among 864 smooth-

seeded genotypes from the U. S • .u.A. world Pea Collection.
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�"i�ure -"t.1.7 Jis::r Lout Lon vi prutein content among 207 \VI'inkle-

seeded genotypes from the ;J. 3. D. ,',.. �'iorld :ea Collection.
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types was very similar to the distribution of protein yield for the

whole population as well as the yield distribution of the smooth­

seeded group (Figure 4.18). The curve resembled the normal, although

there was slight negative skewness and kurtosis (p: .02 and .01

respectively). Range, mean, median, and mode were identical With' the

distribution of the whole population.

The distribution curve for protein yield among wrinkle­

seeded genotypes resembled that of yield, being basically normal

shaped, but rather uneven (Figure 4.19). Mean and median were vir­

tually identical with the whole population values, whereas the mode

was 6% lower than for the whole population. As with yield, range of

protein yield of the wrinkle-seeded group was decreased compared with

the range of the smooth-seeded group.

Thus, mean protein yield did not differ between smooth­

seeded and wrinkle-seeded groups, but range was smaller in the latter.

Both curves closely resembled their corresponding curves for yield.

4.5.3.4 Distribution of seed weight

The distribution curve for seed weight among smooth­

seeded genotypes appeared normal (Figure 4.20), but was positively

skewed (p. .02) to the upper end of the range like that of the

whole population. Kurtosis was'absent. Mean, median and mode were

all slightly lower than the whole population values, but range was ident­

ical. Thus, smooth-seeded genotypes represented the extremes.

On the other hand, range of seed woight among the wrinkle-seed­

ed genotypes was considerably reduced, especially from the lower

end (Figure 4.21). The difference between largest and smallest

Ii-.

..
, i

-
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ligu'te 4.18 uistril>ution of protein yield among ao� smooth-cseeded

ge not.ype s from the U. S. u.A.I.jorld :::"ea Collection.
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Figure 4.19 uistribution of protein yield among 207 \�inkle-seeded

15

genotypes. from the iJ.S.D.A. -;.1orld Pea Collection.
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,'i3ure 4.·. Distrii>ution(Of seed ... Lght; among 8&4 smooth-seeded
I

genot.ype s from t�le lJ. S. D.A. World rea Collection.
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,Hgure 4.21 Uistribution of seed weight among 207 wrinkle .. seeded

25

genotypes from'the U.S.D.A. World Pea Collection.
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values was less than 4-fold compared to the 8-fold difference

between extremes in the smooth-seeded group. The distribution

curve for the wrinkle-seeded group was distinctly skewed (1)= .02)

to the upper end of the scale, and, while there was only one d.i.stinct

�odal class, there were indications of lesser modal groupings toward

the upper end of the scale. There was one extreme value at the

maximum which Was several classes above the nearest genotype.

Bean, median, and mode had shifted upward 12, 6 and 10';6 respectively, from

the corresponding whole population values. Thus, mean seed weight

between the seed shape groups differed by 15% in favor of the

wrinl�e-seoded genotypes. Although the mean of this group was

higher, and the distribution was :strongly skewed upward (p:: .02),

the hi�hest genotypic value was less than that of the highest smooth­

seeded genotype.

4.5.11- Comparison of smooth-seeded and wrink�seeded :pgpulaM ons

The smooth-seeded and wrinkle-seeded genotypes differed

by one major Gene (1\ and rb, respectively) and comparison of the means

of those groups indicates the effect of that gene. Nean values for

yield, protein content, protein yield, and seed weight were compared

and tested by the paired It' test for unequal class numbers (Table

4.42) •

Wrinkle-seeded genotypes were lower yielding, higher in

protein content, and heavier seeded than smooth-seeded genotypes.

\'/hen converted back to actual unit values, these differences represented

46 g/plot, 1.6% protein, and 5.6 g/200 seeds, respectively. Both
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Table 4.42 Comparison of smooth-seeded and wrinkle-seeded

populations for mean yield, protein content,
protein yield and seed weight expressed as a

percentage of the whole population mean.

population Yield Protein content Protein yield Seed weight

Smooth-seeded n:88l 101.15 98.81 100.01 97.18

Wrinkle-seeded n=207 95.01 105.02 100.00 112.09

Difference 6.14** 6.21** .01 14.91*·

** Significantly different by the 't I test (.01)

-
---
.»

•

I
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groups had identical mean protein yield, reflecting the balancing

effects of the decreased yield and increased protein content.

I

4.5.5 Effect of error control on range

The range of protein content in this study of 1071 geno-

types from the U.S.D.A. World Pea Collection was quite narrow, and

much less than that found for 1500 genotypes grown at Saskatoon in 1971

(Slinkard, mimeo report of the University of Saskatchewan). Range in

yield and protein content was undoubtedly narrowed to some extent by

the exclusion of genotypes (approximately 10%) which failed to pro-

duce more than 350 seeds when grown in 1971. Those genotypes either

were unadapted to the Saskatoon environment, or germinated very poorly

in 1971.

This experiment was designed to show how the range of a

trait could be reduced by replication or by expressing the data as

percent of the lattice mean, both of which effectively reduced envir­
,

onmental effects. Comparisons of range for each trait with and

Without replication and percentage conversion are shown in Table 4.43.

Data from Table 4.43 show that replication reduced range

for all traits, having least effect on the range of seed weight (8%

reduction) and largest effect on the range of protein content .(33%

reduction). Thus, at least one third of the range of protein content

observed among Single plots was due to environmental effects both

within and among lattices. The ranges in yield and protein yield

were considerably reduced (by 30%) by conversion to a percent of the

lattice mean. The reduction occurred ,at tpe upper end of the range,

i.e. the high-yielding genotypes in the·lngh T-Lelting .latt-lees became .com-

parable with +'nA �i��. ��!�g.geD�Yp.s in other latt�ces when cODverted

-

' • :.• t. lattice m�., The :range�in protein
was Virtually the same as



Table 4.43 Range and percent of range of yield, protein content, protein yield andseed weight from unreplicated. unconverted, and converted genotypicvalues among 1011 genotypes

Yield Protein content Protein yield Seed weight% B. ange % Range % Range %Range g/p1ot range % protein range g/p1ot range � g/200 _ seE!d�
__ _!"angeSingle plot

values 22.5-1115 100 19.1-32.2 100 64-432 100 11.4-96 100
Mean of duplicates
(unconverted) 233-1586 91 22.6-31.0 61 68-388 81 11.7-91.9 92 ....

.\),1
�

Meanof duplicates
(�e�)lattice 259-1281 69 22.2-31.0 10 65-321 10 11.,3-103 . 108

-
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that for unconverted duplicate values. Seed weight range after con­

version was greater than that among unreplicated plot values. This

was probably due to the chance occurrence of a large-seeded genotype

in a lattice which had a·low mean seed weight.

4.5.6 Simple correlations between traits

Simple correlation coefficients between yield, protein

content, ,protein yield, and seed weight among the genotypes in each

lattice are presented in Table 4.44. Only two of the relationships were

consistent over the latt;ces. Yield a�d protein content were negatively

correlated 1ft all but 2 lattices (p: .01 in 11, p: .05 in 4).

Coefficients of determination of the significant correlations ranged

from 6�6 to 35% indicating the extent to which variation in protein

content was associated with variation in yield. In each lattice

the correlation between yield and protein yield was very high and

positive (p: .01). Coefficients of determination ranged from 78

to 96%. Thus, variation in protein yield was almost completely

associated with variation in yield.

Yield was correlated With seed weight in only eight of the

17 lattices. However, these correlations were small and ranged from

low positive to low negative. Coefficients of determination ranged

from 6.5 to 14% indicating that where the relationships existed,

only a small amount of variation in yield could be explained on the

basis of seed weight.

The correlations between protein content and protein

yield were not consistent. Only four were significant (3 negative,

1 positive). Protein content was not correlated with seed weight

49,.,...- .... .! - 1_.

���e= ;��re the correlation coefficients were

.:)1) • Although the other correlation
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---- �able 4.44 Simple correlation coetficients between yield, protein content, proteinyield, and seed weight in 17 lattices ot the 1071 .enotype. raftd01l1,selected trom the U.S.D.A. World Pea Collection

Lattice Yield-protein Yield."rotein Yield-8eed Protein content- Protein content- Protein yield-
nY1l��r� _____ oon_teJlt

_______Yl._eld_ ..eight protein Yield lead weight _ed weight1. � ..",.. .979"- .288* -.434** -.487** .233 !,.;
I

2. -.470** .966** -.2.56* -.237 .117 -.270*·3 -.426** .931** -.0.53 -.07.5 -.011 -.0.584 -.3.58** .974** .36.5** -.147 -.199 .346**.5 -.086 .952** -.030 .211 -.192 ";.085 t:
6 -.279* .944** -.05a -.043- -.201 -.117 '"
7 -.310* .924** -.330** -.067 -.096 . -.301*
8 -.381** .953** .286* -.101 -.077 -.296*9 -.502.** .929** .272.* .167 -.182 .247*10 -.517** .957** .373** -.280* -.224 .350**
11 -.418** .956** -.095 -.144 -.331** -.1.95
12 -.244* .941** -.151 -.092 ;....118 -.11713 -.292* .944**· .232 -.032 -.018 .266*14 -.532*- .885** .200 -.089 -.209 .11515 -.519** .966** -.6l1t- -.286* -.072 -.015
16 -.043- .951** -.328** .258* -.423** -.432**17 -.393*- .9l4** -.200 -.002 -.003 .234
*and *. Significant at the 5% and 1% level, respectively.



L

137

coefficients were non-significant, they were generally negative.

Tho correlation between protein yield and seed weight among the

lattices merely reflected th� correlation between yield and seed

weight, modified by the correlation between yield and protein

yield.
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5. DI SCU SSION

5.1 Genotype by environment study

Since crop varieties in commercial production are usually

grown over a range of environments and years where variation is

unpredictable, evaluation of new varieties or new breeding material should

cover a representative range of these environments and years in order

to estimate the true potential of the new material as accurately as

possible. Breadth of adaptability may also be determined as part

of the evaluation.

5.1.1 Analysis of variance for 1974 data from Saskatoon, Nipawin
and Bellevue

Results of the analysis of variance at three locations

showed that the genotypes differed over locations for both yield and

protein content. Genotypes also showed a considerable range of expression

for both traits. Evaluating the genotypes over a number of locations

resulted in establishment of genotypic values considerably different

from what would have been recorded at anyone location. Further, the

effoct of location relative to genotype could be. assessed, and in

fact variation over locations was almost as 6reat as that among

genotypes for both traits. This variability over locations as well

as the existence of genotype x location interactions emphasizes the

need for multiple-location testing of genotypes to estimate genotypic

value, especially if absolute values ar� to be used as selection

criteria. For example, if a level of 26.0% protein was accepted

as a lower cut-off point for selecting high-protein genotypes,

then out of 25 tested, 2, 6, and 17 would be selected if tested in
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1974 at Nipawin, Saskatoon or Bellevue, respectively. Over the

three locatio�s, five genotypes would have been selected on this

basis. If selection for yield was practised at single locations,

MP 39 would have been selected among the top five at both Saskatoon

and Nipawin, but at Bellevue this genotype was lowest yielding by

a considerable margin. MP 761, which ranked 4, 7, and 7 at Saskatoon,

Nipawin and Bellevue, respectively, would have been selected among

the top five only at Saskatoon, whereas over the three locations

I

it was the highest yielder.
I

�hus, from the analysis of variance for yield and protein

content of 25 genotypes over three locations, the extent of variation with

environment was considerable for both traits, although more variable

for yield than for protein content. The C.V's. for yield in these tests

were higher than those commonly reported for yield of field peas in

Saskatchewan (Slinkard, unpublished data), but those for protein

content were of the same order. The limitations of testing at only

one location were shown. Protein content was almost as variable

over three locations as among the 25 diverse genotypes.

At Bellevue, seeding was delayed, and the growing season

was mOister and cooler than at the other locations. There was a

heavy frost on September I, which severely affected those genotypes

which were later flowering and relatively indeterminate, i.e. MP 39,

w 703, Dashaway, and P.I. 356885. None of those genotypes had

completed flowering when harvested.

l &".
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5.1.2 Analysis of variance for 1974 data from Saskatoon and,Nipawin

When data from the Bellevue location was removed from the

analysis, genotype x location interactions were no longer signifi-

cant. Inclusion of height in the analysis showed that the genotype

x location interaction was not significant for this trait either.

Since height was not measured at Bellevue, it is not known if this

trait is subject to environmental interaction, as were yield and

protein content when subjected to a somewhat different environment.

However, plant height in other species is a highly heritable trait

and thus less likely to exhibit significant genotype x environment

interactions. The Saskatoon and Nipawin sites were similar,

although differing in productive capacity as indicated by their

mean yield. Saskatoon was the more productive location in 1974.

The data indicate that yield was more responsive to a change in

fertility than either protein content or height.

A certain pattern of expression of protein content emerges

from the comparison of the three-location and two-location analyses.

Genotype x location interaction for protein content was present

and significant from the three- but not the two-location analysis.

Thus, there was interaction with the Bellevue location only. However,

because the climatic conditions prevailing at Bellevue throughout

the grOwing season and maturation period were considerably different

from those at the other two locations, it is suggested that the inter-

action was with climatic conditions rather than location per see

It is arguable that weather forms an integral part of the 'loca-

tion' which might be more properly referred to as an environment.

There is no apparent interaction of genotype with soil fertility
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which was the basic difference between the Saskatoon and Nipawin

locations.

There was little positive response of protein content to

increased fertility (8.7�) in contrast. to the response of yield (22.7%) ,

when comparing the Saskatoon'and Nipawin results. This lack of response

may be a barrier to increasing protein productivity with fertilizers

and in fact reports (see Literature Review) indicate that protein

content of legumes is not consistently responsive to fertilizer

application. Conversely, the advantage of this lack of response

is seen when lower fertility does not substantially depress protein

content. In view of the negative correlation between yield and protein

content, the considerable response of yield to increased fertility

may have moderated the response of protein content.

The implications for plant breeding of these results are

that environments rather than mere locations differing in fertility

must be tested in any evaluation program, because it has been

shown that protein content responds to and interacts with changes

in environmental conditions, but to a lesser extent than does yield.

Differences in yield between locations confound the location effect

on protein content per se and should be accounted for before estima­

ting the actual location effect on protein content. The Saskatoon

location gave the highest yields and tallest plants, but did not

produce the high protein contents recorded at Bellevue. Super­

ficially, it appears that Bellevue is a high-protein location.

However, low,yields were recorded at that location because a .heavy

frost dUring the pod-filling period prevented the genotypes from

completing their normal maturation phase. Thus, it is considered
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likely that the high protein content at Bellevue was a function

of the lower yields and interrupted maturity. A later experiment

will attempt to verify this hypothesis.

5.1.3 Analysis of variance for single plant traits

Analysis of variance for Single plant traits at Saskatoon

and Nipawin revealed that these traits were more variable than

those measured on a:whole plot basis. The five-plant saJn,Ple was
j

inadequate for reasonable determinations of seed yield/plant, total prot-

ein weight/plant, and haulm protein weight/plant as indicated by the

very high C.V1s for those traits, especially at Saskatoon. All traits,

except harvest index, were lower at Nipaw:i.n than Saskatoon, and the differ-

ence between location means was greater for single-plant than for whole-

plot values of both yield and protein content. Since Single plants

were taken from the inner two rows of each plot, the difference could

perhaps be accounted for by edge effect, the plants in the outer

rows yielding more and accumulating more protein due to the reduced
I

competition for light, water, and nutrients. The relationship

between single plant and whole plot yield and protein content is

described in a later section. Haulm protein content was more

responsive to a change in fertility than seed protein content.

This indicates that seed protein content assumes priority of accumu-

lation unde� lowered N availability. Thus, the plant compensates

for low N by either reducing accumUlation of protein in the haulm,

or else tranSferring protein from the haulm to the seed prior to

maturity. Since protein was measured only at maturity it was not

possible to discern between these two possibilities. This compen-

,sa�"'T"'Phenum.�Il" �
general among the genotype. and not restricted

,_ IlL
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to higher protein genotypes as in winter wheat where Haunold � �.

(1962) reported that Atlas 66 and Atlas-derived lines were consis-

tently two to four percentage points higher in protein content than

normal cultivars. Haunold ��. (1962) reported that the increase

in protein content was due to two genes, one of which was associated

with a gene for rust resistance. Further, the higher protein geno-

types were consistently lower in leaf protein content than normal

varieties, and the authors concluded that the Atlas types �ad a

more efficient system of transfer of nitrogenous compounds from

leaves to the seeds. That system does not appear to operate among

the 25 field pea genotypes in the present test.

The term harvest index was coined by Donald (1962) to

describe the proportion of harvested dry matter (usually the seed) to

total above-ground dry matter, expressed as a percentage. The

quest for high yielding cereals has led to an interest in harvest

index as a possible selection criterion, since the semi-dwarf rice and

wheat cultivars released by the I� and CIMMYT programs have shown

considerable productivity increases particularly when coupled with

increased inputs of water and fertilizer. These new semi-dwarf

cultivars have higher harvest indices than their taller predecessors \

(Chandler, 1969). For example, the newer cultivars of rice have

H.I.'s in the range 47 to 57� compared to 23 to 38% previously.

The response of these newer cultivars to applied nitrogen is

seen in seed dry matter, rather than whole plant dry matter. In

other words, H.I. increases with applied nitrogen. Harvest index

was negatively correlated with height and positively associated
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with yield. Harvest index was considered to be a cultivar character-

istic. Donald (�962) referred to unpublished work of Silsbury who measured

the harvest index in two cultivars of field pea. White Brunswick

had a harvest index of .35, but was higher yielding than No. 14315

which had a harvest index of .45. Donald considered that, if the

yield of White Brunswick could be combined with the greater harvest

index of No. 14315, then a much more productive genotype would be

obtained. The ranges in H.I. (see Appendix 1.4) of 38 to 6�� at

Saskatoon and 44.5 to 58% at Nipawin indicated that there was

considerable variat�on a�ong the genotypes for this trait. The range was
I I

less than that reported for some tropical legumes (Jain, 1975) but

greater than that in barley (Rosielle and Frey, 1975). The geno-

types Lincoln, Palouse, and Petit Pois were consistently high in

harvest index and thus might be considered potential parents in a

crossing program to improve the economic portion of total dry matter

production. However, these genotypes were all short, determinate,

early maturing and low yielding. In addition, Palouse was low in

protein content. Although high in harvest index, these genotypes were

almost without redeeming features on a productivity basis. The meanH.� value

of approximately 50% did not alter noticeably'over locations. Red-.

uced fertility had the effect of raising the lower end of the range •.

In other words, there was slightly less vegetative dry matter pro-

duced by genotypes which have a lower harvest index under conditions

of reduced fertility. This is perhaps a fUrther mechanism to compensate

for decreased fertility,· but unlike haulm protein content/plant,

compensation occurs only among genotypes Originally lower in harvest

'� .. -'-'4__;_U;_#A_4ni�i4aa"$....���d�\ __
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index. Thus. a change in fertility affected accumulation of haulm

dry weight and seed dry weight similarly.

Single plant protein content was lower than whole plot

protein content, especially so at Nipawin. Part of the difference

was due to a difference in methods of determination of protein

content, The correlation between the dye-binding method (Udy. 1971)

and the infra-red reflectance spectroscopy method (Neotec Instru-

ments Co.) is in the vicinity of � .... 9 (Wu. pers.comm • .). In
,

additio�individual plants were harvested from the cent,. rows where

competition for water. light and nutrients was more severe. resu1t-

ing in lower protein content.

Seed yiel�plant was extremely variable at both locations

but more so at Saskatoon than at Nipawin. The range among geno-

types for this trait was 3.9',' to 16.7 g/p1ant at Saskatoon and

4.4 to 7.8 g/plant at Nipawin (Appendix 1.S).The lower fertility

at the latter location resulted in reduced yield/plant and also

decreased range among genotypes. In particular. the effect was on

those genotypes with high yiel�plant at Saskatoon and minimal on

those at the lower end of the range. Thus. Palouse, Triumph,

Lincoln, P.I. 206790. MP 712. and MP 783. which were highest in

yield/plant at Saskatoon. decreased by an average of 47%, compared

to the average decrease (31%) of all genotypes.

From the results of analysis of variance for total protein

weight/plant. the average at N1pawin was 4?� below that at Saskatoon.

This reflects decreased protein content of both seed and haulm. and

also decreased weight of both. The importance of protein content
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to productivity can be seen when this 47% is compared to a

difference of 23% in yield and �fo in protein content between

locations. Thus, nitrogen availability or' total uptake may

severely limit yield, but it certainly does not seem to limit protein

content expression. Although the hypothesis could not be tested in

the present study, it seemed likely that seeds were favoured at the

expense of haulm in an environment limiting nitrogen accumulation.

5.1.4 Analysis of variance for data from three years at Saskatoon

Evaluation trials are usually conducted in more than one

season in order to remove the bias of a single season which may

favour some genotypes over others. Furedi (1970) commented that

some high-protein pea cultivars may only express their higher

protein content under optimal seasonal conditions. The significant

differences among genotypes for protein content was as expected

from the earlier genotype X location study. However, the genotype

x year interaction was not significant. This is in contrast to the

findings of Furedi (�970) and Ali-Khan and Youngs (1973). Not only

was the interaction not significant, but there were very small

differences in mean percent protein over the three seasons. C.V1s

in each year indicated by their similarity that local variability

due to soil conditions and mOisture supply was constant from year to

year. Although three consecutive years may be considered a valid

sampling of all possible seasons, the present data suggest·that

either the seasons were similar, or that the. genotypes in this test

were very stable to seasonal fluctuations. While none of the seasons

was extreme, they could be considered representative of the likely

.L
range at SaskatQA� The 1973 summer was marked by a severe drought

.J .. �
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in late July and August, causing premature ripening and reduced

yield, whereas the 1974 summer was cooler and mOister than usual.

The summer of 1975 was characterized by adequate moisture, about

average temperatures, and about average season length. The impli­

cations of these results are that an evaluatiqn program at several

locations in a single year would be adequate to provide a reliable

estimate of protein performance of pea genotypes, both on a relative

and an absolute basis. The only proviso would be that if the

season was clearly abnormal, such as experiencing severe drought

or frost, and rainfall preventing fUll maturity (as happened at

Bellevue in 1974), then evaluation should be repeated another year.

This conclusion is supported by the findings of Shutz and Bernard

(1967) who studied genotype x, environment interactions from seven regional

Uniform Soybean Tests from 1954 to 1956. Genotype x year inter-

actions were generally smaller than genotype X location interactions.

These authors showed that locations could be substituted for years to

permit rapid turnover of breeding material in the Uniform Tests, and

suggested that 10 to 15 locations/year were suffiCient to remove

low-yielding genotypes. Fewer locations would be required for

adequate testing of other traits such as oil or protein content.

5.1.5 AnalYsis of covariance for within-location variability

The prinCiple benefit of the covariance analysis was the

improvement of experimental precision. It had little effect on

either ranking or range of the genotypesiand thus confirmed that

fOUr replicates gave an adequate estimate of genotypic performance.
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However, if selection was to be practised among the genotypes,

then covariance analysis was advantageous in allowing the recog-

nition of smaller real differences than without covariance. In

terms of the time, labour, and space requirements, the value of

covariate plots as used in the present study'is certainly open to

question, when judged against the'benefits.

5.1.6 Simple correlations among traits

In any breeding or improvement program it is necessary to

know if selection has an effect on non-selected traits which may be

of economic or agronomic importance. Further, it is also useful to

know if traits may be improved concurrently.

5.1.6.1 Yield and single plant traits

Locations were analyzed separately and corresponding

correlation coefficients tended to be of the same sign and magni-

tude. Plot yield and seed Yield/plant were moderately negatively

correlated, but significantly so only at Saskatoon. The reasons for

this negative relationship were not indicated from other correlations.

However, this may have been because insufficient plants (5) were

used for individual plant data or due to competition effects.

While it is difficult to believe that inter-plant competition among

individual plants in the centre rows could account for this negative

relationship in the absence of differing plant populations, it is

the most plausible explanation. Some of the genotypes were of

branching habit which would have allowed them considerable scope

for response to the less competitive conditions in the outer rows.
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Some of the genotypes highest in yiel�plant were single-stemmed,

short, determinate, and early maturing. These genotypes were not

able to take full advantage of the growing season and-would not have

been able to respond with extra branching in the outer rows under

more favourable conditions of light, moisture and nutrients.

Since yield was not related to harvest index, this latter

·trait may be considered valueless as a selection criterion in peas.

It is possible that in previous selection and improvement of pea

genotypes, there has been unconscious selection for high harvest

index, since the mean value of the genotypes in the present study.

is at a level (5��) considered desirable in cereals. Further,

the correlation in cereals between yield and harvest index may be

due partly to the confounding influence of height, wherein the

semi-dwarf and dwarf cultivars of rice and wheat have high harvest

index, but it has not been shown that high yield is a direct result

of the latter. The absence of a relationship in field peas indicates

that among the present genotypes, yield is not limited by the source

- sink relationship.

The strong negative correlation between plot yield and

single plant protein content reflects the close relationship between

the latter and plot protein content combined with the strong negative

correlation between yield and plot protein content. The negative

association between plot yield and total protein weight/plant at

both locations is most probably related to the negative correlation

between plot seed yield and seed yield/plant since seed yield/plant

is a major component of protein weight/plant. The same explanation
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would apply for haulm protein weight/plant. Thus, yield did not

seem to be affected by the level of protein accumulated in the

vegetative tissue, which is not surprising in view of the fact

that mere protein content does not indicate �source�i capacity from

which yield may be derived.

5.1.6.2 Protein content and single plant traits

Plot protein content and single plant protein content were

highly positively correlated. Thus, in contrast to yield, determina­

tion of protein content on a single plant basis would be a reasonable

estimation of the g1notyp�c value relative to other genotypes. A

single plant is not necessarily representative of the population,

but the mean of at least five single plants, and pref.erably more,

gives a reasonable estimate of relative protein content. The

correlation between plot protein content and haulm protein content

was positive and non-significant. ThiS, coupled with the positive

correlation (p:= .05) between protein content and protein weight/

plant at Nipavdn indicates that higher protein genotypes may

accumulate more nitrogen in the whole plant than lower protein

genotypes. If true, then peas differ from winter wheat, where

Haunold �!1- (1962) showed that higher protein genotypes trans­

located more protein from the leaves to the seeds than lower protein

genotypes. Since this evidence is tentative, it cannot be concluded

that higher protein genotypes accumulate more Jitrogen, but the

suggestion warrants fUrther investigation •

.._Ii

-
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5.1.6.3 Single plant traits

Harvest index and height were strongly negatively related.

This finding is in line with other crops. Thus, the weight of

haulm was more important as a determinant of harvest index than

seed weight. The idea that harvest index should be related to

yield has a strong appeal to logic, but has not been supported in

fact. However, the important determinants of yield are not yet

well defined for any major crop. As expected from analogy to the

findings of Shia (1976) that seed yield and protein yield were very

highly correlated, �eed y�e1d/plant and total protein weight/plant

were highly correlated.

5.1.6.4 Yield and protein content

Yield and protein content were strongly negatively

correlated over locations and seasons. Although negative assoc-

iations between these two traits have been reported for cereals and

other legumes (see Literature ReView), the few reports pertaining

to field peas are variable and conflicting. Ali-Khan and Youngs

(1973) found a moderate positive correlation (r= +.57) but it was

not significant. Furedi (1970) reported a ;negative association of

low order and considered it of little obstruction to protein improve-

mente Pandey and Gritton (1975) found values ranging from moderate

negative (-.38**) to moderate positive (+.34**) among F3 populations.

None of the reports had values approaching those found in the present

study. The sign and magnitude of the relationship was sufficiently

stable over locations and seasons to rule out the possibility of

unknown bias. The slight difference in correlation coefficients

am��g ihe 25 pea genot�es and 22 common genotypes at Saskatoon in

�. J
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1974 can be attributed largely to the removal of three genotypes and

the use of three replicates for the 22 genotypes as compared to

. four replicates for the 25 genotypes, which would lead to a less precise

estimate of the genotype mean for both yield and protein content.

Coefficients of determination show that between one third

and two thirds of the variation in protein content was associated

with variation in yield. This correlation has far-reaching implic-

ations for programs aimed at improvement of field peas. Firstly, no

protein content val�e should be considered in isolation from the

yield value of that genotype. Secondly, a decision has to be made

as to the extent to which protein is to be improved at the expense

of yield. There is a trade-off between the two. This is evident in

other crops too, as exemplified by the newly licensed Canadian oat

cultivar Hinoat, which has a protein content approximately 3%

higher, but yields only about 75% as high as standard cultivars (

(Anonymous, 1973) in Western Canada.

Reference to Table. 4.2 ... 4.3 shows that there are

no outstanding 'correlation breakers' among the genotypes as tested

at Saskatoon, although three, P.I. 356834, P.I. 269822, and MP 783

were just slightly above average for both yield and protein content.

However, at Nipawin, P.I. 324705 was substantially higher than aver-

age in both traits. On the baSis of the Nipawin results, this

genotype might be seen as a potential parent for increasing protein

productivity, but over all locations it was third lowest yielding

of the 25 genotypes in the test (Table 4.2). It seems possible

that high yield or high protein content may be combined with average

levels of the other t�ait, but there is no evidence to suggest that a

r
,'-
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combination of high levels of both traits would be easily obtain­

able. Zoschke (1970) rejected the idea of a linkage between yield

and protein content which could be broken by crossing over and

put forward the theory that the relatiohship is inherently physio­

logical and that to be overcome, research was first needed to

establish the physiological determinants of both traits. One of the

possible physiological explanations for the relationshipiis the

.existence of a finite capacity to provide :nitrogen for seed

incorporation, whic� is independent of yield. Differences in yield

are not matched by qiffer�nces in protein content, as seen by the lack

of response of protein content to a change in fertility between the

Saskatoon and Nipavdn locations.

Peas obtain approximately 30% (Holl and LaRue, 1975) of their

nitrogen requirements through symbiotic nitrogen fixation by Rhizobium

leguminosarum in the root nodules. This process, and absorption

and nitrate reduction of mineral nitrates are equally energy expen�

sive (Hardy and Havelka, 1975). Roots, supplying nitrogen for the

plant by either or both processes, compete with the developing

seeds for recently produced photosynthate and it is possible that the

negative yield-protein relationship is a refl.ection of this internal.

competition. It is plausible ·that some genotypes tend to favour the

developing seeds (high yield, low protein), while others divert

relatively more photosynthate into energy for nitrogen accumulation

than into developing seeds (lower yield, high protein).

Adams (l973) reported that as protein content of Phaseolus

h

-
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vulgaris L. increased from 21 to 2�� protein, cystine in the protein

dropped from .70to .54%. More important, Adams remarked that the

increased protein, which was of lower biological value, acted as a

depressant to yield since it costs the plant more energy to produce

protein than carbohydrate. Sinclair and DeWit (1975) calculated

that from one unit of glucose, plants can produce about .83 units

of carbohydrate, .40 units of protein, or .33 units of lipid. If

a finite amount of photosynthate is assumed, then indeed yield t

(largely carbohydrate) will compete with protein for glucose in the

developing seed.

Is an energy restriction responsible for the negative yield­

protein relationship? The legume plant has competition , 09.t two

points: will roots or the developing, seed be favo:ur$d for photo­

syntha.te; and in the developing seed, wUl carbohydrate (yield)
or protein be favoured�for the photosynthate supplied to that sink?

It is highly likely that genotypes will differ in response

to the competition at those pOinta, aal. the%"efore p1&uible_

that a group of such genotypes will exhibit a negative yield-protein con-

tent relationship.

5.1.7 Variance component analysis

Variance component analysis confirmed the conclusions drawn

from analysis of variance. Both locations and seasons were major

sources of variation for yield, and less important sources for

variation in protein content. 'Genotype x location and genotype

x season interaction variances were relatively small except when

Bellevue data were included in the analysis. Shutz and Bernard

(li��Z�)�'�J]�S�j�p�g�d�a�t�?�f�l�-�,Uniform
Soybean Tests, reported that geno-
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type x location interaction variances were generally greater than

genotype x year interaction variances, but both were substantially

lass than genotype variances. Further, interaction variances for

oil and protein content were considerably less than those for yield.

The three estimates of broad-sense heritability were 0, 27 and

24% for yield and 21, 41 ;and 53% for protein content from variance

component analysis of the three�location, two-location and three-

year data. Broad sense heritability, based on variance component

analysis,is limited by the extent to which it is independent of non-

genetic variation. Thus, heritability values will increase with

I
decreasing variability of those non-genetic components. It would

I
be safe to conclude only that yield had low heritability and protein

content had low to moderate heritability in the broad sense. These

broad-sense values h�wever, give no indication of purely additive

genetic variance, upon which improvement by selection is largely

dependent.



5.2 Effect of stage of maturity on protein content

Previous studios of developing legume seeds (see Literature

Review) have utilized very small numbers of seeds of one genotype

at progressive stages of maturity to trace the development of seed

components. Harvests were usually more frequent and closer together

than in the present study. However, the present study had multiple

objectives and was designed to include a large number of genotypes

subjected to simulated interruptions in development at different

stages of maturity from pod-filling to ripeness.

5.2.1 Analysis of variance for stage of maturity

Differences eXisted among genotypes for each of the traits

at each of the harvests, but the results clearly indicated closely

parallel patterns of development. The patterns also verified

previous findings that, as maturity progressed, percent protein

decreased, while protein weight continued to increase. Only two geno­

types departed from established patterns. MP 761 had a low protein

content at Hl and continued to decline with maturity. Further, it

declined in both dry weight and protein weight from H2 to H4. From

the data recorded, there was no explanation for this decrease. P.!.

206790 also departed from the usual pattern in that protein content

increased by 2.2 percentage points from H3 to H4 and was the highest

in protein content at H4. This genotype has been conSistently high

in protein content in previous trials in Western Canada (section 4.1

and Slinkard, unpublished data). The increase was �� over the

value at H3 and was entirely due to a 9% increase in the weight of

protein accumulated while the total dry weight did not increase.

l����������ated protein weight between H3 nd H4, but
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this was usually tlccompan1ed by an increase in dry weight. Thus,

P.l. 206790 may be hishar t han . nverage in protein content due to a

slower accumulation in non-protein dry matter at a late stage of mat-

urity rather than an inherent superiority in accumulat40n of protein.

P.l •. 206790 is a wrinkle-seeded genotype, as is Lincoln, and this

may partly account for the higher protein content of these genotypes

(see Shia, 1976 and section 4.3.3).

In agreement vdth a previous maturity study (Smith 1973),

it was found that starch accumulation began later than protein
r

accumulation, but it increased more rapidly than protein after Hl.

Thus, protein tended to be 'diluted' by a grea·ter deposition of

starch and other non-protein, non-starch dry matter as maturity pro-

gressed. One of the reasons for the rapid development of all compon-.

ents and the similarity of the genotypes may have been the weather

conditions prevailing during the period under study. During the

latter part of July, mean daily temperatures were higher than

average, and for the month the total number of grovdng degree days

(GDD) was 461 compared to the long-term average of 438. August was

cooler, cloudier, had 100 hours less bright sunshine than July and

had 301 GDD's compared to the long-term average of 395. In a year

in which GDD's were closer to the -monthly ave�ges, the,patterns of

fresh and dry weight accumulations would tend to be slightly less·

rapid in July and probably greater in August than those recorded in

this study for 1975. Snoad and Arthur (1974) showed that accumu-

lated heat units were correlated with development in peas to a

greater extent than was time (days to flower).

-
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5.2.2 Strople correlations between harvests for various traits

None of the traits measured at Hl were correlated with their

counterparts beyond H2 and starch content was not even correlated

between HI and H2. Thus, Hl was considerably different from the

other harvests, except in dry weight where there was a close

relationship with HZ. At Hl, 13 to 23 days after flowering, the

later flowering genotypes were j'ust beginning to accumulate dry

matter, and the genotypic values for each trait more likely indicated

physiological age rather than inherent genotypic differences at the

actual time of the harvest. Harvests 2, 3 and 4 were moderately

correlated for all traits, but coefficients of determination were

generally less than 5�&, i.e. variability between harvests was due more

to non-genetic than genetic differences among genotypes. More impor-

tant for predictive purposes, if a series of genotypes was harvested

at any time prior to 30 to 40 days after flowering, the yield and

protein content data obtained would bear very little relationship to the

data obtained at full maturity. Further, if harvest occurred within

approXimately two weeks of full maturity, then the fresh and dry

weights obtained would be reasonable indicators of final values,

whereas protein content and starch content would not be as reliable.

5.2.3 Simple correlations between traits within harvests

The correlations between traits at HI indicate the influence

of date of flowering on all traits measured at that harvest. The

high correlation between fresh weight and dry weight (r= .961**)

indicated that the moisture content of the seeds of these 25 genotypes was

relatively uniform. The negative correlation between protein content

an! starch content was )igh (r:: -.777**) at HI. This relationship

�,__.
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is due to their opposite correlation with a third trait (dry weicht).

However, this explanation is not applicable to later harvests. 'l'he

negative relationship between protein content and starch content declined

at H2 but was still significan�, and then increased at H3 and H4.

This negative relationship has been reported in� faba L.

i

(Bhatty, 1974; Cerning � !l., 1975). The correlation calculated

from Bhatty!s data was ra -.575* among 12 cultivars, and Cerning

!1!!- reported that starch content ranged from 30.0 to 42.3% and

was negatively correlated with protein content but the coefficient was

not given. Shia (1976) considered that the lower starch content of

wrinkle-seeded peas may have contributed to the observed higher

protein content of these peas over their smooth-seeded counterparts.

Wrinkle-seeded peas were 13% lower in starch, about 3 percentage
,

points higher in protein content, smaller seeded, and lower yielding

than their smooth-seeded sibs from the same cross. The present

study shows that after HI starch content increases much more

rapidly than protein content. It is axiomatic that as the propor-

tion of one major seed component increases, the proportion of the'

remainder must decrease. Protein content decreases With maturity,

indicating an increasing proportion of non-protein dry weight.

Starch, as a proportion of that non-'protein dry weight, increases

with maturity. Thus, non-protein, non-starch dry weight stays rela-

tively constant as a proportion of the seed as maturation takes

place. The negative correlation between protein content and starch

content also indicates that there are genotypic differencES in the starch:

protein ratio.

9n 01 tilG 01ectives of this study (see Introduction) was

��u,�......t:u)�t_h_�OW li:ht on the �gative yield-protein content relationship
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which seems to be prevalent in the peas. The starch-protein content

relationship shown in this experiment is possibly a contributing

factor, but that could not be verified in the present study because

yield (dry weight) and protein content were not negatively related

at maturity. All that can be said with certainty is that protein

content and starch content are negatively correlated (p: .01)

throughout the span of maturity from 13 to 23 days after flowering to full

ripeness. However, it was not conclusively shown that this relation-

ship contributed to a negative yield-protein relationShip.

For the other between-trait correlations at harvests 2, 3

and 4, only that between fresh weight and dry weight was significant.

Days to flower did not influence any of the traits at these harvests

except dry weight at H2 where the correlation was negative and

moderate (r= -.458*).

5.2.4 Relationship of the maturity study to the large-plot study in

121.2

As seen in Table 4.22, yield of the two studies was not

related and protein content of the large-plot study was only moder-

ately related to protein content at the last three harvests of the

maturity study. Thus, it was not possible to infer that the yield

and protein content values for any genotype in the large-plot study

were related to the pattern of seed development of that genotype.

The only possible exception was P.I. 206790 which accumulated

protein at a late stage of maturity without a concomitant increase

in dry matter.

It was surprising that the yield at full maturity of both

If �
st..ldies was totally unztlated (r= .189)'. Although the maturity
f
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study means were based on two samples and the large-plot means based

on three replicates, coefficients of variation were not greatly

different, i.e. 15.4 and 11.9% respectively. Plot sizes were

about 10-fold in difference and, while it seems logical that this

difference should not be responsible for the poor relationship, it

is the most plausible explanation. It is possible the small plots

were too small to provide a reliable yield estimate. The lack of

correlation between yield of these two studies, coupled with the

negative correlation between plot yield and single plant yield of

these same genotypes in the previous large-plot studies (section

4.1), suggests that edge effect might be considerable in the

large-plot studies.

5..2.5 Relationship of the maturity study to the 197Lt Bellevue
large-plot study

Reasonable evidence was obtained to fulfill the third

objective of this study, namely, the verification that the anom-

alous results at Bellevue in 1974 could be explained on the basis of

maturity.
•

Many of the genotypes failed to mature at Bellevue due

to a damaging frost on September 1 during their flowering period

which effectively forestalled further development. The correl-

ation of protein content in the maturity study with protein content

in the 1974 Bellevue large-plot study was nearly the same as with

protein content in the 1975 Sasl�toon large-plot study. However,

yield at Bellevue was positively correlated (pc .01) with dry

weight (yield) in the maturity study at HI and H2 (r= .626** and

.55l**�speebiUClY'�Further, yield at Bellevue was negatively

_��,......_���.�_e_:_�ted (p: .01) Wit} days to flower at Saskatoon despite a



162

difference in location and season. In fact the correlation was

almost identical (r= -.758**) with the correlation between dry

weight at Hl and days to flower (r= -.734**). This eVidence

strongly suggests that at Bellevue in 1974, the damaging frost on

September 1 interrupted maturity at between 2 and 3 weeks after

·f1owering and the genotypes remained at that physiological age

until harvested on October 12. It was this event which contrib­

uted to the genotype x location interaction ascribed to the

Bellevue location in the previous experiment (section 4.1). Such

results could be ex�ected to recur with damaging frosts or other

maturity-inhibiting phenomena at any given location.

•
_M
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5.3 Heritability of agronomic traits, protein content and methionine
content

5.3.1 AnalYsis of variance for agronomic traits. protein contenttDd
methionine content

The significant differences among parents for all traits

indicated that they were diverse and rich in genetic variability

for all except protein and methionine contents. However, the

intermediacy of the F2 population values and the lack of significant

differences among them for the protein and methionine content traits

showed that a breeding prpgram for improvement of these traits would

have to be based on either a wider range of parents or selection

would have to be made on a within-cross basis among F2-derived F3
or F4 lines. A breeding program to improve the agronomic traits

such as seed weight or days to flower could be based on a moderate

number of crosses utilizing selection both among and within crosses,

whereas a breeding program for improving protein content and quality

might be successful if based on judicious crosses between widely

divergent parents followed by selection among lines within a cross.

There was no evidence of dominance for late flowering as

has been reported by Rassmusson (1935) and Watts !1!!. (1970).

However, the value recorded in the present experiment was days to

first flower, which does not necessarily reflect the mean flowering

date of a bU� F2 population while being accurate for a non­

segregating population. Figure 4.4 indicates that there were no

early flowering segregates within F2 populations and that days to

flower was intermediate between parents. The conclusions drawn

� from the days to fJ9w�data are certainly valid for the material
.!_-_ ........,....I' -
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under study, but since the range of days to flower was relatively

narrow (15 days) caution should be used before extending conclusions

to cover genotypes with a greater range. Saskatchewan has essentially

a one-sowing-date season for field peas (the frost-free period at

Saskatoon is 114 days) in contrast to more temperate regions in

lower latitudes where field peas may be seeded over a greater time

span and where the range of days to flower between early and late

genotypes is greater (Aitken, 1974).

There was a wide range in seed weight among parental

genotypes which would allow considerable scope for selection of

parents initially and for families of the desired seed weight among

the progeny. In contrast, the range in protein content was very

narrow, 7.3 percentage points�and even narrower among the F2
population means, 3.L� percentage points. In terms of implications

for breeding increased protein content, this range would be totally

inadequate to provide the scope for selection of high protein geno-

types from among the F2 populations. In other words, hybridization

did not provide increased variability for protein content. On the

contrary, hybrid material is unlikely to approach the range of

parents. In the present study the reduced range in protein

content was largely from the upper end of the hybrid distribution.

The lowest parent and lowest F2 population had the same protein

content. Thus, the scope for selection of high protein genotypes

from among F2 populations appears slight. However, the within­

population variability and range were not determined in this study

and it is possible that utilizable variability occurred within pop-

ulatj·",us, !Fha ilaFrow J..tnge
�d the even narrower ring.

in protein content among parental lines

among F2 populations in this experiment
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emphasized the need to screen a very large number of genotypes to

obtain the widest possible range in protein content before attempting

to breed for improved protein content. The likelihood of improving

protein content by breeding in the material of the present study

is put into perspective when it is realized that protein content

exhibits about 1/8th of the range and 1/2 of the heritability of

seed weight. In other words, genetic improvement would be minimal,

with increases achieved very slowly and, probably, at the expense

of yield.

The range among parents for methionine content as either

mg met/g meal or mg met/g protein was narrow and indicates that the

genotypes in this test do not vary greatly and thus would not be

a suitable base on which to establish a breeding program for the
I
I

inprovement of methionine content. Herrick �!!. (1972) reported

a range of 0.9 to 1.3% methionine as mg met/e protein in nine pea

cultivars. From the present study and that of Herrick � !l.,

the range in methionine content of peas appears very narrow, but

it is not known if the narrow range is a function of the few geno-

types surveyed in each study or a function of the actual variability

of the trait. However, Kelly (1971) reported a 2.4-fold range in

methionine content of 3600 single plant determinations of 480 P.I. �s

and cultivars of common beans, Phaseolus vulgaris L. Thus, perhaps

a larger population of peas would also contain a much Wider range of

methionine content.

The range in methionine as mg met/g meal of the F2 popul­

ations was half that of the parents. Again, most of the decrease

came IPJ!om th� Upper cm10f the range. It is probable that the

.::::__--1-
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similarity between behaviour of methionine content and protein content

was larsely due to the close positive correlation between those

traits (Table 4.31).

The situation is also similar with regard to methionine as a

percent of protein, except that for this trait, the range among

parents and among crosses was virtually identical. Thus, although

range does Dot decrease upon hybridization, it is too small to be

of value in breeding for protein quality improvement. It should be

emphasized that it is not known whether this is a function of the

genotypes tested or the actual variability of the trait.

5.3.2 Analysis of covariance to remove the effect of protein content
on methionine content

Analysis of covariance showed that as protein content

increased, metluonine as mg met/g meal increased and methionine as a

percent of protein decreased. Those findings are supported by the

correlation analysis among these traits (Table 4.31). In comparing

wrinkle-seeded with smooth-seeded genotypes, methionine as a

percent of protein did not differ between the groups until they had

been adjusted for initial differences in protein content. Although

the difference was small after adjustment, it was statistically

significant. However, the difference has no biological importance.

The levels of methionine as a percent of protein in the present

genotypes are so low and the range so small that even the difference

'between Wrinkle-seeded and smooth-seeded genotypes is of no conseq-

uence, since methionine content of the protein would have to be at

least trebled before substantially improving the protein quality of

-

the present pea G�n!!¥�s to acceptable levels for human nutrition,
'

I---
- ,
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(F.A.O., 1970).

5.3.3 Comparison of smooth-seeded and wrinkle-seeded parents

Apart from the difference in methionine as percent of

protein mentioned above, wrinkle-seeded parents were lower yielding,

higher in protein content and methionine content of the protein, and

heavier seeded than the smooth-seeded parents. This agrees with the

report of Shia (1976) who found that wrinkle-seeded progenies from

a cross between smooth- and wrinkle-seeded parents were lower

yielding, lighter in seed weight, lower in starch content, and

higher in protein content than their smooth-seeded sibs. The

only difference between these two studies was the reversal in the

relationship to seed weight, but Shia's study compared sib pro­

genies while the present experiment compared parents.

These differences associated with seed shape introduce

a bias of unknown dimensions into the calculations of heritability

of all traits except days to flower which did not differ between

seed shape types. The present experiment included 10 F2 popul­

ations which were segregating for seed weight. Shia (1976) showed

that heritability of protein content decreased or became non­

significant when populations segregating for seed shape were sub­

divided into smooth- and wrinkle-seeded lines. However, herit­

ability of seed weight remained about the same when these popul­

ations were sub-divided.

In the present experiment the populations were not

sUb-divided into crosses segregating and non-segregating for

seed shape since 10 and 11 crosses, respectively, were considered

* ,*.,
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too few to permit reliable estimation 0 f heritabili ty by regression.

However, in the 1ight of Shia1s (1976) results, it is most probable

that heritabi1ity estimates of protein content and both methionine

content traits were biased.

5.3.l� Correlation analysis

Yield and protein content were significantly negatively

correlated. However, among this group of genotypes the coefficient

was lower than that found in the earlier study (section 4.1).

When the genotypes were subdivided into parental and F2 population

classes, the correl�tion �ncreased when only parents were considered, but
I

'

for the F2 population group it decreased to almost·zero order. Thus,

there appears to be a difference in this negative yield-protein

content relationship between homogeneous and heterogeneous popul-

ations. Homogeneous populations behave in a relatively predictable

negative pattern, whereas the F2 populations do not show that pattern

when only population means were considered. The narrow range

among F2 population means for protein content contributed to the

lower correlation between yield and protein content. In addition,

each F2 population is a mixture of genotypes, each of which may

exhibit a negative yield-protein relationship, but when the population mean

is taken, that negative relationship is probably masked. The lack

of homogeneity among early generation populations may be one of the

reasons for the generally low correlations, both positive and negative,

reported by Pandey and Gritton (1975) among F3 populations of peas,

and the low negative correlations among early generations of soybean

-

populations by severaJLauthors (see Cal",ll � �., 1973, p.l60).
-

,
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The means of early generation populations, which are segregating

for yield and protein content, are therefore unsuitable for detecting

correlations between these traits. The same would apply to correl-

ations between any traits for which a series of populations are

segregating. The present study shows quite clearly that if a given

group of genotypes which demonstrate a negative yield-protein content

relationship are intercrossed, the relationship is reduced among the

F2 populations, and it is most reasonable to conclude that the

relationship has been diluted by the intermediate nature of the

population means and heterogeneity. The previous experiment (section

4.1) showed that th� negative yield-protein content relationship

among a group of pea genotypes was quite stable over years and

locations.

The only other significant correlation was that between

yield and seed weight of the combined group. It was positive and of

low order. Thus, it indicated that protein content, seed weight,

and days to flower could be subjected to selection without undue

influence on the other traits.

Protein quality traits were generally unrelated to the

agronomic traits except that methionine as a percent of protein was

positively correlated with seed weight at a low level. This

relationship has no immediate simple explanation, since neither

protein content and seed weight, nor protein content and mg met/g

protein are correlated. It would be very convenient for breeding

purposes if protein quality was associated with an easily identif�ble

trait such as seed weight, however in this instance the relationship

is not strong enough (r2= ll.��) to indicate that seed weight could
J '

.
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be used as a 'marke�l.

Mg met/g meal was positively correlated (p= .01) with

protein content and is therefore more an indicator of protein content

than protein quality. Thus, it should not be used as a selection

criterion unless the absolute amount of methionine in whole pea meal

became nutritionally important, e.g. if whole pea meal was used as

a protein supplement rather than the more frequently used protein

concentrate. It is not the concern of this study to recommend which of

the two methionine measurements should be used, but only to show the

merits and possibilities of each to contribute to the breeding of

improved protein quality. In this light then, methionine as a

percent of protein is the more valid criterion, but as is shown

in section 4.3.5, it is not heritable and, therefore, not genetically.

manipulatable.

There was no significant correlation between protein

content and mg met/g protein (r= -.112).

Likewise, Bajaj (1973) found no relationship between crude

protein content and protein quality of peas as measured by rat

growth test. However, Holt (1976) reported that methionine as a

percent of protein was negatively correlated with protein content

among 16 samples of century peas (r= -.64**), and among 17 cultivars

of field peas (r= -.21). Reports in other legume crops, i.e. �

� L. (Munck ��. 1973), Phaseolus vulgaris L. (Adams, 1973),

Cajanus cajan (Royes, 1973), and� sp. (Sandhu � �., 1974),

also in�tcate that the two traits were negatively related to varying

degrees. Adams (1973) concluded that in dry beans, Phaseolus �-

.-
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g�ris L., attempts should be made to fix the protein content at

about 22�% and then breed for improved protein quality. Above

that level, quality was sacrificed for higher protein content.

5.3.5 Heritability estimates for agronomic traits, protein content
and methionine content

Heritability of yield is low. In this experim�nt narrow

sense heritability was zero and in a previous study (section 4.1.4)

broad sense heritability ranged from 0 to 27�. Thus, in the short

term, response to selection for yield would p�obab1y be negligible.

Selection among F2 populations would offer little possibility of

advance. It was not determined in the present study if heritability

\nthin populations was greater, but Shia (1976) found that narrow

sense heritability of yield determined by F3/F2 regressions in three

crosses ranged irom 0 to 4%, although he added that one of the rea-

sons for the low values may have been the use of single plant deter-

minations for F2 values.

Thus, attempts to improve yield by breeding would have to

concentrate on genetic manipulation of components of yield which

are generally more heritable than yield alone. For example,

Crampton (1970) selected for pods per node and seeds per pod at

the first three flowering nodes to improve the yield of processing

peas.

2
Days to flower was highly heritable (h = 8��) and showed

good agreement with mid-parent values. This trait can be easily

manipulated and the outcome of selection readily predicted.

The same is true for seed weight. This trait is highly
I

l.
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2
'

heritable (h = 97%). It Is, thus, almost completely genetically

controlled and exhibits little or no response to the environment.

In between these extremes of yield and seed weight, protein content

and methionine content exhibit low to moderate heritability

2
(h = 44.9 and 48.6%, respectively). These traits are subject

to conSiderable nongenetic variation.

Methionine content as a percent of protein, perhaps the

true indicator of protein quality, is not heritable in the pea

genotypes of this study. This finding is in marked contrast to

the results of Kelly and Bliss (1975) who reported very high broad

sense heritabilities for methionine as a percent of protein in

Phaseolus vulgariS L. The lack of heritability in the present

study may be due in part to the very narrow range exhibited by

the parents for this trait. It indicates that mg met/g protein

would not respond to selection and thus, may be a valueless

selection criterion. However, the situation may be analogous to

that of yield. Both traits are the end products of complex and dynamic

plant processes and both are of low heritability. Yield increases

have been achieved by breeding for yield components which are

generally higher in heritability than yield. Breeding for

increased methiOnine as a percent of protein by increasing mthionine-

rich components of the seed protein may be feasible since the chemical

composition of individual proteins is genetically determined and

independent of environmental influences, i.e. methionine-rich

protein components may be more heritable than total methiOnine

in the protein.

,
--



173

For example, the Opaque-2 gene in corn (!!! mays L.)

increases lysine content by suppressing synthesis ot zein, the

lysine-poor traction of corn protein (Mertz !1!!., 1964).

Smartt !1!!. (1975) reported that genetically manipulatable

variation occurredtD the major storage proteins (globulin� ot

Phaseolus sp. and Arachis hypogea L. Romero !1!!. (1975) electro-

phoret1cally analyzed the major seed protein, Gl globulin, trom

tour bean (Phaseolus vulgaris L.) cultivars. Two cultivars high

in methionine had a three-banded sub-unit pattern in the globulin

whereas the two cultivars low in methionine had a two-banded sub-

unit pattern. The ditference in banding was due to a Single gene.

However, the molecular-genetic approach to protein improve­

ment is presently limited by inadequate methodology which does not

permit rapid, precise isolation and separation ot seed protein

components.

l
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5.4 Effect of seed shape on seed weicht

5.4.1 Seed weight of parents and progeny of segregating populations

This study confirmed the findings of Shia (1976) that progeny

from crosses between smooth-seeded and wrinkle-seeded parents bear

wrinkled seeds which are lighter than their smooth sibs, in this

case by an average of 14%. This result is surprising since in

eight of the 10 crosses seed of the wrinkle-seeded parent was

heavier by an average of 46%. Thus, while there is no strict

association between seed shape and seed weight, there is a definite

effect of the gene for wrinkling (rb) which causes a reduction in

seed weight of wrinkle-seeded segregates. The effect is independent

of parental seed weight since even in the two crosses where the

wrinkle-seeded Parent had lighter seed, the same phenomenon

occurred.

5.4.2 Number and size distribution of smooth and wrinkled seeds

from segregating populations

Only one of the populations, P.!. 206790 x Cese� conformed

to the expected 5:3 ratio of smooth:wrinkled seeds. Among the

others, five populations had fewer wrinkled seeds than expected

and four had an excess of wrinkled seeds. No consistent genotypic

pattern was apparent. One possible explanation for the paucity

of wrinkled seeds in some populations could be the lower germination

of wrinkled seeds in an earlier generation.

When the seeds from each population were size graded,

results indicated that seed size was dependent on seed shape except

•_"

-
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in one cross. In each size category, wrinkled seeds were signifi­

c��t1y lighter than their smooth counterparts. These results

indicate that although smooth and wrinkled seeds may reach the

same external diameter, the greater water loss on maturation of the

wrinkled seed (Kooistra, 1962) leads to the convoluted shape and

decreased weight. The weight loss was between 16 and 28% greater

than that experienced by smooth seeds of the same diameter.

Ottoson (1958) suggested that wrinkled seeds lagged in development

of dry matter compared with smooth peas.

For some reason, wrinkled seed borne on F2 plants accumu­

late less dry matter than comparable smooth seeds. Since approxi­

mately 1/5th of the smooth seeds and 1/3rd of the wrinkled seeds

in the F3 generation are borne on segregating plants, it is

unlikely that a competitive advantage to the smooth seeds (when

both types are borne on the same plant) could be responsible for

the differences observed. Consideration of the chemical components

of each seed type suggests that differences in efficiency of

conversion of energy supplied as carbohydrate during seed develop­

ment would be too small to account for the seed weight differential.

The 3 percentage point difference in protein content would accouht

for only a C/o weight differential, since ":protein is more energy­

expensive to synthesize than storage carbohydrate (Sinclair and

DeWit, 1975). The heavier seed weight of wrinkled parents compared

with their smooth counterparts indicates that neither the wrinkled

seed itself nor the plant on which it is borne are inherently more

limiting to seed weight than smooth seeds or the plants bearing them.

b

-
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Thus, tho effect of the rb gene for wrirut1e-seededness in

reducing seed ,voiGht in the F
3
generation of crOGSOS between smooth

(I.,) and wrirucled (rb) parents is documented. Although Kooistra

(1962) observed that wrinkle-seeded peas underwent a greater water

10s6 on maturation than smooth-seeded peas, this does not fully

explain the phenomenon.

-

-

,
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5.5 Variation in protein content and other traits among 1071

genotypes from the U.S.D.A. World Pea Collection

A narrow range of genotypic variability in protein content

was found in previous experiments (sections 4.1 and 4.3). This

suggested a survey of a large number of genotypes to gauge the

possible limits of genetic variability for protein content. The

experiment involved 1071 pea genotypes and was designed so that the

effects of environment and genotype could be separated.

5.5.1 Analysis of variance for Yield, protein content, protein
Yield and seed weight

When efficiency of the lattice was compared With that of

RCBD there was, overall, no great increase, but considerable increases

in efficiency in some of the lattices, notably lattice numbers 9

and 11 for yield and protein yield, and lattice number 6 for

protein content. Where the efficiency was less than 100, no

adjustment was made, since Campbell and Goodchild (1973) have shown

that the adjusted error mean square is greater than the unadjusted

if there is a poor regression between the error in the variable

and error in the covariate. The range of C.V�s from 10.9 to 25.8%

for yield indicates that, although only two replicates were used,

reasonable error control was obtained. At Saskatoon C.V�s of 10.1

to l�G for yield of field peas in 4eereplicate, 4 row plots are

common (Slinkard, unpublished data).

There were significant differences for yield among geno-

types in all but two of the lattices. Although the F-test was

not significant in these two cases, the Bayesian L.S.D. showed

l
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that there were in fact real differences among genotypes. The

Bayesian L.S.D. requires only that the F ratio be greater than

1.0, and not necessarily significant. Thus, a considerable diversity

of yield was found among the genotypes. However, since the range of

lattice means was considerable, and error variances were hetero­

geneouathe genotypes could not be grouped together either to form

a distribution or for,multiple comparisons.

The range in protein content was smaller than for yield within

and among lattices. There were signif�cant differences (p: .01)

among genotypes in all lattices. The generally low C.V!s (2.8-l�.��)

indicated that there was good error control with replication for

this trait. Covariance adjustment had relatively little effect on

effiCiency, further indicating that within replicates, variability

for this trait was low except in one or two lattices. The range in

protein content ,among lattice means was very small (24.5-26.?�),

but since error :variances were heterogeneous, the genotypes were

not grouped together for analysis.

The data for protein yield were similar to yield in terms

of significance, efficiency, range among the lattice means, and

C.Vls. This indicated that protein yield was more closely linked to

yield than to protein content, which was borne out by correlation

analysis (section 4.5.6).

There were significant differences (p: .001) among geno­

types for seed weight in all lattices. The lattice design was less

efficient than RCBD (98.2%) overall for.this trait. This trait

was, thus, very stable within replicates and the small range in

,
-



179

lattice means indicated that it was also quite stable over a range

of environments. C.V�s were low, indicating good error control.

5.5.2 Distribution of each trait among the genotypes

The data from the lattices could not be combined for analysis

due to heterogeneity of error variance for all traits. There were

two possible conversions. The genotypic values in each lattice

could either be expressed as a percent of the check variety Trapper

or as a percent of the lattice mean. As outlined in section 4.5.2,

use of the Trapper values for conversion may have been acceptable

for yield, but it would not have been a reliable conversion factor

for protein content when the correlation coefficient between Trapper

and lattice mean values was r= +.577**. The mean of an experiment

comprising several genotypes at a given location has been used as

a measure of the environment at that location, particularly for

recording the response of genotypes over a range of environments

(Finlay and Willdnson, 1963; Eberhart and Russell, 1966). However,

in those instances, the experiments over the locations contained

common genotypes. Although the use of experiment mean is not

precise due to the possibility of genotype x environment inter-

action and bias in the choice of genotypes, it serves as an

indicator of the environment in the absence of a reliable mathem­

atical model. In the present study, the use of lattice mean is subject

to uncontrollable bias in that the genotypes are not common in each

lattice. However, since (1) the genotypes were randomly assigned to

the lattices; (2) each lattice contained a large sample (5,.9%) of the

total, and (3) the lattices were all adjacent, the use of the lattice
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mean as a conversion factor was considered more reliable than the use

of Trapper. Thus, a distribution based on the converted genotype

values would be a reasonable approximation of the true distrib-
,

ution of each trait.

5.5.2.1 Distribution of yield

There was a wide range in yield among the genotypes (34.6

to 172.4% of the mean yield), i.e. a 4-fo1d difference between'

extremes. This large range shows that the genotypes tested constitute
_

a rich source of variability, providing wide scope for selection of

high yielding parents. It is noteworthy, however, that the licensed

variety Trapper was usually in the upper third of the genotypes

in yield and averaged 123% of the population mean. It was exceeded

in yield by 183 of the 1071 genotypes if lattice #6 is disregarded.

The yield of Trapper in that lattice was very low due to an unaccount-

able low yield in one replicate.' The difference between replicates

was greater than for any other genotype by a wide margin, indicating I

a possible accident or human error.

5.5.2.2 Distribution of protein content

The distribution curve for protein content was normal-

shaped, but showed a slight surfeit of values on the lower shoulder

of the curve and a tailing-off to the upper end of the curve. In

this respect it was similar to the distribution of protein content

among 1452 genotypes (Slinkard, unpublished data) at Saskatoon in

1971 and also among 506 genotypes grown at Morden (Ali-Khan and

Youngs, 1973). The range among 1071 genotypes ',was extremely

en

narrow, from 22.6 tg 30,9% protein.
..-

The highest protein genotype

I
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was only 0.4 times greater than the lowest protein genotype. This

range is only l/lOth that of yield. Thus, protein content is less

subject to environmental influence, and also less variable over

genotypes than yield. Among the genotypes in this present study,

which represent a very large sample of the U.S.D.A. World Pea

Collection, protein content is not very variable. It is probable
,

that the range among these genotypes was narrower than previously

reported for other large groups of pea genotypes for the following

reasons: (1) the fact that each genotype was replicated led to a

considerable reduction in range (33%) due to the removal of environ-

mental variability (see section 4.5.·5); (2) the plots were relatively
,

large, i.e. 3 m x 2 rows 30 cm apart and germination was uniform

which reduced variation of the population as occurred in the study

of 1452 genotypes at Saskatoon in 1971 (Slinkard, unpublished data);

and (3) in the initial selection of genotypes for this study only

those eenotypes that produced sufficient seed in 1971 for seeding

in 1975 were available. This eliminated some of the very low

yielding genotypes, which were frequently high in protein content.

Thus, 1071 genotypes were chosen randomly from among approximately

1300 which were available. Further, yield and protein content were

negatively correlated (section 4.5.6) and, thus, variation in yield.

would affect variation in protein content. The actual effect of

yield on range in protein content cannot be calculated, but its

eXistence cannot be discounted. The narrow range of protein content

has important repercussions for breeding strategies. It means in

effect that the U.S.D.A. World Pea COllection clo.. DOt �r..ent a rich

! 't! ,
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source of variability for protein content. The ran�e is not much

greater than that found previously among 25 and 19 genotypes (sections

4.1 and 4.3).

Given a heritability value of less than 50%, additive in­

heritance, and a genetic range of approximately 8% protein, the limit

to improvement of genotypes with average protein content (26%) by

breeding would be in the vicinity of two percentage points. However,

the collection does offer scope for selection of genotypes with

protein contents of approXimately 30',,6
.

should. it appear

desirable to produc� a hi�h-protein pea without regard to produc­

tivity. Correlation analyses show that agronomic traits such as

seed weight, days to flower (section 4.2), and height (section 4.1)

can be manipulated without affecting protein content.

5.5.2.3 Distribution of protein yield

The distribution curve for protein yield was virtually

identical to that of yield, strengthening the finding in correlation

analysis (section 4.5.6) that yield and protein, yield were very

highly positively related, on an almost one-to-one basis. The close­

ness of this relationship reflects the large range in y:i.eld compared

with the very narrow range in protein content.

5.5.2.4 Distribution of seed weight

The range among genotypes for this trait was very large,

i.e. 8-fold from lowest to highest, which is double the range for

yield and 20 times the range for protein content. This range in

f
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seed weiGht, indicates that the genotypes tested are extremely

diverse and provide a valid sample of available pea genotypes.

In retrospect, it seems more likely that the narrow range in protein

content is a function of the trait rather than the genotypes tested.

The distribution curves indicate that there is extensive

genetiC variability for yield and seed weight among the 1071 geno­

types tested, and selection of potential parents in an improvement

program for either of these traits would not be difficult.
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5.5.3 Distribution of the traits amonG smooth-seeded and wrinkle­

seeded Genotypes

Kooistra (1962) reviewed the differences between smooth-

and wrinkle-seeded peas and proposed a two gene (r� and r)
mechanism to account for the differences. The differences between

smooth-seeded peas (R R ) and the most common wrinkle-seeded typeau

(Rarb) are determined by the segregation of only one of these genes.

Shia (1976) showed that from three crosses between Bb and rb geno­

types, wrinkle-seeded (rb) progeny wereh!iherin protein content,

lower in starch content, lighter in seed weight, and lower yielding

than their smooth-seeded (�) sibs.

The comparison between these two seed types was made in

the present study to verify that Shia's (1976) findings applied over

a wide range of genotypes. Since the groups had unequal numbers,

it was expected that the smaller group distribution would deviate

fUrther from the normal by chance and standard error of the mean

would be sreater than for the larger group of genotypes. Further,

since the smooth-seeded genotypes comprised 4/5 of the whole

population, it was not likely that their distribution curves

would deviate greatly from those of the whole population.

5.5.3.1 Distribution of yield

The distribution of yield of the smooth-seeded genotypes

was virtually identical with that for the whole population. Mean

and median increased by 1%. However, the distribution of yield

among wrinkle-seeded genotypes was somewhat different. The curve
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was more uneven than that for the whole population, but that may

have been due to fewer genotypes spread over the same number of

classes. The range in yield was reduced from 4-fold in the smooth-

seeded genotypes to 2-fold, with a considerable reduction in range

from both ends of the curve. Thus, the range of yield for wrinlt,;Le-
>,

seeded genotypes was intermediate, although the mean was �� lower

than for the whole population. This confirms Shia�s (1976) finding

that wrinkle-seeded genotypes are lower yielding than their smooth-

seeded counterparts.

Thus, there were two reasons for the reduced range; (a)

the reduced number of genotypes in the group, which probably affected

range at both ends of the curve, and (b) wrinkle-seeded genotypes

do not attain the high yields found among smooth-seeded genotypes.

5.5.3.2 Distribution of protein content

There was a marginal decrease in the range of protein content

among snooth-seeded genotypes, the reduction comine from the upper

·end of the distribution. The curve closely resembled that of the

whole population and was normal in shape. The other major differ-

ence was that �ean and median dropped by l.�� from the whole popul-

ation values.

The distribution curve for protein content among wrinkle-

seeded genotypes was more dome-shaped than normal, and was more

uneven than the yield curve for this same group of genotyp�s •. The

mean was 516 greater than the whole population mean. This is in

agreement with Shia's (1976) finding that wrinkle-seeded peas have

�,

I
�.
,
i
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hir;her protein content than genetically similar smooth-seeded peaa ,

Ranlje is partly n function of sample size, but menn is largely a

function of the trait under measurement. Thus, range in the smaller

population would tend to be narrower than that in the larger popul­

ation, as was the case for yield. For protein content, however,

range was only very slightly reduced in the wrinkle-seeded group

compared with the smooth-seeded group. Thus, it seems that

variability in protein content is different in the two seed types.

5.5.3.3 Distribution of protein yield

Protein Yield curves for both smooth-seeded and wrinklc­

seeded groups very closely resembled their corresponding yield

curves. However, in contrast to yield and protein content, mean

and medil1n for protein yield of the two groups were virtually

identical. This lack of difference reflected a balance between the

6�.:, yield difference in favour of the smooth-seeded genotypes and

the h�j protein. content difference in favour of the wrinkle-seeded

cenotypes. This findinc supports the conclusion ,of Shia (1976)

that increased protein content of wrinkle-seeded peas was at least

partly due to their decreased yield in comparison vdth smooth-seeded

sibs.

5.5.3.4 Distribution of seed weight

'rhe distribution for seed weight among smooth-seeded geno­

types very closely resembled that of the whole population. There

.

\'las a slight decrease in the mean of the group but the range was
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unchanged.

The distribtltion of the wrinkle-seeded c;roup, however, was

Markedly altered. Range was reduced considerably, from an 8-fold

difference to a 4-fold difference between lightest and heaviest.

This reduction was particularly evident at the lower end of the

scale. The curve VIas noticeably skewed to the upper end, and was

not nornal-shayed. Althouc;h there was only one large modal class,

the distribution indicated possibly two lesser groupings between

the mode and the upper end of the range. These lesser groupings

were too distinct to be dismissed as accidents of sampling due to

the relatively smaller number of wricltle-seeded genotypes as compared

to the smooth-seeded genotypes. Although the number of genotypes

in these lesser c;roupings was very small, the data may be suggestive

of one or a few major genes for high seed weight. Thus, the genetiC

control of seed weight may differ between the smooth- and wrinkle-

seeded types •

More importantly however, the mean seed weight of the

wrinkle-seeded group is l�� higher than that of the whole population.

'rhis corresponds with the finding that seed weight of wrinkle-seeded

parents was greater than smooth-seeded parents in an earlier section

of this study (4.4). However, this contrasts \V,1th the results of

comparing proc;eny of crosses between those parents in this study

(section l�.4) and also the results of Shia (1976) who found that

wrinkle-seeded progeny were 6, 8 and 10';6 lighter than their smooth-

seeded sibs in three crosses. In this present study, wrinkle-

seeded genotypes were both higher in protein content and seed weight

than smooth-seedeQ je�tlpes.�"... '".,I"!III
-----""'....._

---
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5.5.4 Comparison of smooth-seeded and wrinkle-seeded populations

The populations were compared by the lit" test for unequal

sample size (Snedeco� and Cochran.1967). The mean of the wrinkle-

seeded population was higher (pc .01) in protein content and seed

weight, and lower in yield than the mean of the smooth-seeded

population. The yield difference has frequently been alluded to

in literature on pea production, usually unsourced. but was

confirmed by Shia (1976). Similarly, the protein difference was

evident from the data of Fured! (1970) and Shia (1976). However,

the difference in seed weight has not been previously reported.

Since the difference is on a population basis, it cannot be categ-

orically stated that all wrinkled seeds areheavier in seed weight than

smooth seeds. The data indicate that yield may influence protein

content, but seed weight does not seem to adversely affect protein

content. The actual difference of 1.6% protein content between the

two seed-shape groups is less than that found by Shia (1976) and in

an earlier section of the present study (section 4.5), but in both

those cases the sample size was considerably smaller.

OJ $ $

1---.,_--_1IIlIII"-11 _ill m «u
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5.5.5 Effect of error· control on range

As noted earlier in the discussion on distribution of protein

content (section 5.5.2.2) replication led to a considerable reduction

in observed range of that trait. This experiment was performed to

show the extent to which error control by replication and by

covariance adjustment affected the range of the traits measured.

When the �ctual unconverted data was used, replication resulted

in a considerable reduction in range of protein content (33%) and

a lesser reduction �n yield and seed weight (8%). Thus, replication

increased precision by controlling environmental influences among

replicates.

When converted duplicate means were used, removing the .

effect of differences between lattices, the range in protein content

was similar to the range in unconverted duplicate means. Replication

Vias as effective in reducing environmental variability as conversion

to percentage of lattice mean. In other words, for protein content,

replication would Give control over environmental variability as good

as conversion, so that it may have been possible to draw a distrib-

ution curve for protein content without first converting each geno-

type value.

It is noteworthy that, even allOwing for a 33% reduction

in range due to replication, the range in protein content among

the genotypes was still very narrow.

-

r
r -
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5.5.6 Simple eorrelations between traits
.

5.5.6.1 Correlation between yield and protein content

Yield and protein content were negatively related (p: .05

and .01) in 15 of the 17 lattices. The r values were low to moderate

and gave coefficients of determination ranging from 6% to 35.�fo.

That this correlation exists and is consistent over a wide range

of genetic material cannot be ignored. The r values are lower

than those found in Po genotype x environment study reported earlier

(section 4.1). Because the number of genotypes in each lattice

is considerably greater arid the genotypes were randomly assigned to

lattices, it �s considered that the r values from this experiment are

more indicative of the true relationship than those from the geno­

type x environment study.

The data beg the question, "Is this relationship important

in plant breeding?"

Where it has bee� encountered in other legume crops,

authors have usually been compelled to conclude that this relation­

ship poses no substantial threat to the improvement of yield and

protein content, although those conclusions are often not supported

by the data (see Literature Review). Zoschke (19?1) considered

that the relationship was physiologically based and that "correlation­

breakers" would not be found without investigation of the physio­

lOgical basds for this relationship. When the data from the present

study are conSidered, coefficients of determination from 6 to. 35.�.6

do not appear too large to be Circumvented with an extensive breeding

program. However, when this is coupled with the fact that the range

in protein content is very small, that the higher protein geno­

typeS-Ai y likGl9 in 5e wttnkle-seeded, and that the hentabili ty

1
flfl.. :i.....'
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of prote�n content �s only moderate, the poss�bil�ty of improving

both yield and protein content appears slight. Furthermore, since

pea yields are not all that high in relation to other crops with

which they would compete for production area, any yield decrease

for the sake of protein content would probably not be acceptable.

Lastly, and perhaps most important, protein content was not related

to protein quality (section 4.3). Thus, it is erroneous to breed

for increased protein content as a means of improving protein

productivi ty.

5.5.6.2 Correlation between yield and protein Yield

Yield and protein yield were positively correlated

(r= + .885*** to + .979***). The relationship is virtually on

a one-to-one basis. Similar findings have been reported in

Phaseolus vulgaris L. (Le1eji � !b., 1972) and peas (Shia, 1976).

It has very important implications for protein breeding strategy.

Civen that a desirable aim is the increase of protein productivity

per unit area, this correlation shows that greatest protein

production ,'li1l come from genotypes with the greatest yield. In

other words, Yield shoUld become a major breeding objective for

improvement of protein productivity.

5.5.6.3 Correlations between other traits

Protein content and protein yield were uncorrelated except

in four lattices where the coefficients ranged from r = -.487**

to +.286*. Thus, in general there was ll2 consistent relationship

between these two traits. Protein content does not contribute to
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protein productivity. This finding reinforces the discussion above

(section 5.5.6.2) that yield rather than protein content is the

important determinant of protein yield.

Correlation coefficients between yield and seed weight

were generally of low to moderate order, variable in sign, signifi­

cant in four and highly significant in four more lattices. In

other words, the relationship was inconsistent. Both traits could

be manipulated without adversely affecting the other. Given the

close relationship between yield and protein yield, it was not

surprising that yield of protein and seed weight were correlated

to the same degree as yield and seed weight.

All but two of the correlation coefficients between yield

and seed weight were negative, and all except three were virtually of

zero order and non-significant. The relationship between these

tra,lts- is in one direction�but rath�r:�signiff6a.nt� >!l'here is no

apparent reason for the three lattices shovdng significant

correlations, and their occurrence may be due to chance.

-



193

6. SUMMARY

The contributions of genotype, location, and year to varia-

bility in yield and protein content were estimated from a study of

25 pea genotypes grpwn at three locations in one year and 22 geno-

types grown at one location for three years. Both traits varied

over locations and years, although yield was more variable than

protein content. The genotype x location interaction was attrib-

uted to one location which was characterized by an abnormal growing

season, but there was no interaction between genotypes and years.

Protein content was almost as variable over locations as among geno-

types. Variance component analysis showed that locations, genotypes,

and unaccountable variation were the major sources of variance for

protein content. Covariance analysis, to correct for within-locat-

ion differences in soil fertility, resulted in improved precision,

but the improvement did not warrant the expense of including

covariate plots.

Protein content was .correlated with several plant traits,

• and the relationships had important ramifications for protein

improvement strategies. Yield and protein content were strongly

negatively correlated among 25 genotypes over years and locations.

Coefficients of determination showed that between 34 and 66% of

the variation in protein content was associated ,v.ith variation in

yield� The negative relationship was lower but still significant

among 19 genotypes in a heritability study, and low to moderate

among 1071 genotypes from the U.S.D.A. World Pea Collection. Among

I the �at�enOC'pesi C0:fficients of determination showed that between

La 1._
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6 and 35% of the variation in protein content was associated with var-

iation in yield. The relationship was absent among 21 F2 popul­

ations, indicating that heterogeneity has a masking effect on

correlations between traits. The consistent negative relationship

between yield and protein content shows that- (a) protein content

data should not be considered in isolation from yield data, and (b)

the environment has an indirect effect on protein content through

yield, in addition to the direct effect. Further, the relationship

indicates that increased protein content may not be a desirable

objective in the quest for improved protein productivity.

Protein content was not correlated with height, seed weight,

days to flower, or harvest index. Thus, these traits could be

manipulated independently of protein content. Since harvest index

was not related to yield, it was without merit as a selection

criterion for protein productivity improvement in field peas.

In a maturity study, 25 genotypes were harvested at four stages

of maturity between pod-filling and ripeness. Fresh weight, dry

weight, protein content, and starch content were measured. Protein

content decreased throughout maturity. The genotypes displayed

considerable parallelism in development, preventing inferences on

final yield and protein content values from being drawn from

development patterns. Unseasonal weather during the harvest period

contributed to these similar development patterns. Accumulation of

seed components waS similar to that previously reported, but two

genotypes were noticeabl1 different from the rest. The maturity

study data were moderately correlated with data from a large-plot

stud�tn the same gen�pes at another location in the previous

I...... . d
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year, indicating that the genotype x environment interaction

attributable to that location could be explained on the basis of

interrupted maturity. Starch content and protein content were

consistently negatively correlated throughout maturation. However,

the data did not show that this relationship contributed to the

negative yield-protein content correlation. There was some indication

that high protein genotypes accumulated more nitrogen than low

protein genotypes, but no indication that they transferred more.

n1 trog,en from the haulm to the seed.

Among the 19 parents of the heritability study, protein

content was positively correlated with mg met/g meal, but not sig-

nificantly correlated with mg met/g protein, indicating no relation-

ship between protein content and protein quality. However, the

regression between protein content and mg met/g protein was

significantly negative, but small and without biological importance.

The absolute level of mg met/g protein of the pea genotypes studied

was very low, and the range was narrow, in common with previous

findings in field peas and other legumes.

Broad-sense heritability estimates were low for yield (0 to 41%)

and low to moderate for protein content (21 to 5Y�) but the values

were probably more indicative of non-genetic than genetiC variability.

Narrow-sense heritability was estimated by Fz!mid-parent regression
in 21 field pea crosses. Yield and mg met/g protein were not herit-

able, while protein content and mg met/g meal were moderately, and days

to flower and seed weight were very highly heritable. These results

indicated that protein improvement by breeding would be slow, and

improvement of me±bie-d�a ft_ - percent of protein would not be

���� =�r that trait. It was suggested that



196

methionine as a percent of protein, like yield, could possibly be

improved by selecting for components.

Smooth and wrinkled seeds borne on F2 plants in crosses

segregating for seed shape were compared for weight.wrtakled .....·were

l1lbter in seed weight than their smooth-seeded counterparts of

comparable size in all crosses, although the wrinkle-seeded parent

was the heavier in 8 of the 10 crosses. Wrinkled seeds lose more

water on maturation than smooth seeds, but this does not account for

the lower accumulation of dry weight initially. This phenomenon

has not been reported previously.

1071 genotypes from the U.S.D.A. World Pea Collection

were grown in replicated lattices �t Saskatoon in 1975. Yield,

protein content, protein yield, and seed weight were recorded. The

genotypes spanned a wide range in yield and a very wide range in

seed weight. The range in protein content was very narrow (22 to

30% protein), due to the trait rather than to the sample of gena-

types.

Yield and protein yield were highly positively correlated

and the relationship was consistent over all lattices, indicating

that yield is the major determinant of protein yield. 3% of the

observed variability in protein content was environmentally deter-

mined.

Comparison of 207 wrinkle-seeded genotypes with 864

smooth-seeded genotypes showe.d that the former were significantly

lower yielding, higher in protein content, and had higher seed weight

than the latter. Data were suggestive of one or a few major genes

forllkli seea weight ��nkle-Seeded, but not smooth-seeded

ge�)!�:s. Seed we7ght.la,. not correlated with yj.eld.
d



197

Thus, a breeding strategy for increased protein productivity

should concentrate on yield alone. Increased protein quality,

in the form of increased levels of the first-limiting am1no-acid, meth-

ionine. will not be obtained by breeding for mg met/g protein. Pro-,

tein content has little value as a selection criterion in field peas by

virtue of its narrow range, negative relationship with yield, and

possibly negative relationship with protein quality. Its use in

breeding programs for legume protein improvement should be reassessed

in the light of these findings.

-



198

7. CONCLUSIONS

(1) Protein content was variable over locations and years, but

did not interact strongly With either.

(2) Harvest index of field peas was high, but not related to

productivity.

(3) Yield and protein content were consistently negatively

correlated over locations. years, and a wide range of genotypes.

The relationship diminished among heterogeneo�s populations.

This negative correlation is a major barrier to breeding for

increased protein content, since between 6% and 66% of protein con-

.

tent variation is related to yield variation. Physiological explan-

ations for the relationship were offered.

(4) Protein content decreased with maturity, and was negatively

correlated with starch content throughout maturation. ImmatUrity

at harvest contributed largely' to a genotype x environment inter-

action for protein content.

(5) Broad-sense and narrow-sense heritability estimates of protein

content were low to moderate.

(6) Nethionine content of protein was low, displayed a narrow range,

and was not heritable. A strategy for improvement was suggested.

(7) Reported differences between wrinkle-seeded and smooth-seeded

genotypes were verified and a new one added. The gene for

wrinkling causes a seed weight reduction in wrinkle-seeded

compared with smooth-seeded progeny of crosses between parents

of different seed shape.

(8) Yield and protein Yield \Vere .ven. highl.y related•.. Protein

f content

l- .

and prot�n yield were unrelated.

«



199

8. REFERENCES CITED

Ad�8, M.W. 1973. On the quest for quality in the field bean.
An Nutritional improvement of food legumes by breeding.
Protein Advisory Group of the United Nationa System.
Symposium. Rome. pp. 143-149.

.

Aitken, Y. 1974. Flowering time, climate, and genotype. Melbourne

University Press, Victoria, Australia.

Ali-Khan, S.T., and C.G. Youngs. 1973. Variation in protein content
of field peas. Can. J. Plant Sci. 53:37-41.

Anonymous 1973. Hinoat Oats. Canadex Oats variety description
113.33 CDA Plant Products Division, Ottawa.

Association of Official Analytical Chemists. 1970. Official methods ,of analysis •.
11th Ed. Washington D.C.

Bajaj, S. 1973. Biological value of legume proteins as influenced
by genetic variation. � Nutritional improvement of food
legumes by breeding. Protein Advisory Group of the United
Nations System. Symposium. Rome. pp. 223-232.

Berdyshev, A.P. 1966. The develop.ent of peas with a high protein
content. Se18kohozyajstvennaja bio1ogija 1(3):370-377.

Bhatia, C.R. 1975. Criteria for early generation selection in Wheat
breeding programmes for improving protein productivity.
Euphytica 24: 789-794.

Bhatty, R.S. 1974. Chemical composition of some faba bean cu1tivars.
Can. J. Plant Sci. 54:413-421.

Bliss, P.A., L·.N. Barker, J.D. Franckowiak, and T.C. Hall. 1973.
Genetic and environmental variation in seed yield, yield
components and seed protein quantity and quality of

cowpea. Crop Sci. 13:656-660.

Bond, D.A. 1975. Pield Beans. Annual Report, Plant Breeding
Institute. Cambridge, England.

Buchan, J.A. 1973. The effect of inoculation on the protein
content of field peas. Unpublished M.Sc. theeis.
University of Saskatchewan, Saskatoon.

Caldwell. B.E •• �.W. Bowell, R.W. Judd, and H.W. Johnson. 1973.
Soybeans: lmprovement, production and .uees. American
Society of Agronomy, Madison, Wisconsin.

Campbell, M.A., and M.A. Goodchild. 1973. The interpretation of
regression analysis and the covariance adjustment, with
particular reference to agricultural research. REpl.
Agric. 9:369-379.



200

Cerning, J., A. Saposnik, and A. Guilbot. 1975. Carbohydrate
composition of horse beans (Vicia faba) of different
origins. Cereal Chem. 52(2): 125-138.

Chandler, R.F., 1969. Plant morphology and stand geometry in
relation to nitrogen. III Physiological Aspects of

Crop Yield. ASA-CSSA. Madison, Wisconsin.

Crampton, M.J. 1970. New pea for processing. N.Z. J.Agric.
121:31-33.

Crook, W.J.,and A.J.Casady. 1974. Heritability and inter­

relationships of grain-protein content With other agronomic
traits of 8Orghum. Crop Sci. 14:622-624.

Danielsson, C.D. 1952. A contribution to the study of the syn­
thesis of the reserve proteins in ripening pea seeds.
Acta Chem. Scand. 6:149-159.

Davies, D.R.
I.

1975. Studies of seed development in� sativum.
Seed size in reCiprocal crosses. Planta 124:297-302.

Davies, D.R., and V. Brewster.
in Pisum sativum. II.
rocal crosses. Planta

1975. Studies of seed development
Ribosomal RNA contents in recip-
124:303-309.

Den Hartog, G.T., and J.W. Lambert. 1953. The relationships
between certain agronomic and malting quality characters
of barley. Agron. J. 45:208-212.

Donald, C.H. 1962. In search of yield. J. Aust. lnst. Agr. Sci.
28:171-178.

Duncan, D.B. 1965. A Bayesian approach to multiple comparisons.
Technometrics 7:171-222.

Eberhart, S.A., and W.A.Russell. 1966.
comparing varieties. Crop Sci.

Stability parameters for

6:36-40.

Falconer, D.S. 1960. Introduction to Quantitative Genetics.
The Ronald Press Company, New York••

Favret, E.A., L. Manghers, R. Solari, A. Avalia, and J.C. Monesiglio.
1970. Gene control of production in cereal seeds. III
Improving plant proteins by nuclear techniques. Proc.

Symp. ·IAEA Vienna. 149-161.

Finlay, K.W., and G.N. Wilkinson. 1963.
in a plant-breeding programme.

The analysis of adaptation
Aust. J. Agr. Fes. 14:742-754.

Flinn, A.H., and J.S.Pate, 1968. Biochemical and physiological
changes dUrin� maturation of fruit of the field pea�

f.. .

Ml"VSitS. E.. - ii'q.. Bot. 32:479-495.

-



201

Food and Agriculture Organization. 1970. Amino-acid content of

foods, and biological data on proteins. Nutritional
Studies Report No. 24. FAO, Rome.

Furedi, J. 1970. Importance of breeding peas with increased

protein content. � Protein growth by plant breeding.
A. Balint, Ed. Akademiai Kiado, Budapest.

Gomez, K.A., and S.K. DeDatta. 1975.
on protein content of rice.

Influence of environment

Crop Sci. 15:565-568

Gottschalk, VI.,.R.P. Huller, and G. Vlolff. 1975. The genetic
control of seed protein production and composition.
Egypt. J. Genet. Cyto1. 4:453-468.

Gritton, E.T., Y. Pomeranz, and G.S. Robbins. 1975. Protein
content and amino acid composition of developing peas.
J. Food Sci. 40:584-586.

Hardy, R.W.F., and U.D. Havelka. 1975.
research: A key to world food?

Nitrogen fixation
Science 188. 633-643.

Hartwig, E.E.,and K. Hinson. 1972. Association between chemical

composition of seed and seed yield of soybeans. Crop Sci.
12:829-830.

Haunold, A., V.A.Johnson, and J.W. Schmidt. 1962. Variation in

protein content of the grain in four varieties of Triticum
aestivum L. Agron. J. 54:121-125.

Herrick, H.E., J.H. Lawrence, and D.R. Coahran. 1972. Simple
methods for determination of methionine and cystine in

legume seeds. Anal. Biochem. 48(2):353-364.

HOll, F.B., and T.A.G. La Rue. 1975. Genetics of legume plant
hosts. Proc. Int. Symp. Nitrogen Fixation, Pullman,
\'/ash. (in press).

Holt, N.W. 1976. Amino acid and non-protein nitrogen contents
of grain legumes. Unpublished Ph.D theSis. Univ-

ersity of Saskatchewan, Saskatoon.

Jain, H.K. 1975. Breeding for yield and other attributes in

grain legumes. Indian J. Genet. and Pl.Breeding 35:
169-187.

Johnson, V.A., and C.L.Lay. 1974. Genetic improvement of plant
protein. J. Agr. Food Chem. 22(4): 558-566.

Jones, D.Bo 1941. Factors for converting percentages of nitrogen
in toods and.[eeds into percentages of protein. Circular

....... ......!"
no. l�j, =ti .o.�'t. Washington, D.C.

tiled �



202

Kelly, J.D., and F.A. Bliss. 1975a. Heritability estimates of

percentage seed protein and available methionine and
correlations with yield in dry beans. Crop Sci. 15:753-757.

Kelly, J.D., and F.A. Bliss. 1975b. Quality'factors affecting
.

the nutritive value of bean seed protein. Crop Sci. 15:757-760.

Kelly, J.F. 1971.' Genetic variation in the methionine levels
of mature seeds of common bean (Phaseolua vulgaris L.) J.
AIDer. Soc. Hort. Sci. 96:561-563.

Konarev, V.G. 1973. Biochemical and molecular-genetic prerequisites
in the selection of plants for protein. Vestnik Selskok­

hoziaistvenno; Nauki. 1:96-106.

Kooistra, E. 1962. On the differences between smooth and three

types of wrinkled peas. Euphytica 11:357-373.

Kurnik, E., A. Oberritter, J. Zelles, and F. Szanto. 1972.
Prospects of breeding for an increase in protein content
and an improvement in protein quality in pea. Plant Breed.

Abst. 42:6734.

La Rue, T.A.G. and W.G.W.Kurz. 1973. Estimation of nitrogenase
using a colourimetric determination for ethylene. Plant

Physiol. 51:1074-1075.

Leleji, 0.1., M.H.Dickson, L.V.Crowder, and J.B.Bourke. 1972.
Inheritance of crude protein percentage and its correl­
ation with seed yield in beans, Phaseolus vulgaris L.

Crop Sci. 12:168-171.

Matthews, S. and R. Whitbread. 1968. Factors influencing pre­
emergence mortality in peas. I. An association between
seed exudates and incidence of pre-emergence mortality
in wrinkle-seeded peas. Pl. Path. 17:11-17.

McLean, L.A. 1972. The effects of nitrogen and moisture on the

plant growth, water use and protein content of field peas.
M.Sc. thesis. University of Saskatchewan, Saskatoon.

McLean, L.A., F.W. Sosulski, and C.G. Youngs. 1974. Effects of

nitrogen and moisture on yield and protein in field peas.
Can. J. Plant -Sci. 54:301-305.

Hertz, E.T., L.S.Bates and O.E. Nelson, 1964. Mutant gene that

changes protein composition and increased lYSine content
of maize endosperm. Science 145:279-280.

Millerd, A. 1975. Biochemistry of legume seed proteins. Ann.
Rev. Plant Physio1. 26:53-72.



203

�mnck, L., E. Holmberg, K.E. Karlsson, B. Lofquist, and J. Sjodin.
1913. Breeding for protein quantity and quality in field
bean (� �) and .arley (Hordeum vulgare). la
Nutritional improvement of food legumes by breeding.
Protein Advisory Group of the United Nations System.
Symposium. Rome. p. 191-204.

Nass, R.S. 1913. Determination of characters for yield selection
in spring wheat. Can.J. Plant Sci • .53:1.55-162.

Neklyndov, D.M. and'G.A. Antonova. 1914. Inheritanc3 of protein
content in peas. Plant Breed. Abst. 44:1261.

o ram , R.M., and R.D.Brock. 1912. Prospects for improving plant
protein yield and quality by breeding. J. Aust. lnst.
Agr. Sci. 38(3):163-168.

Ottosson, L. 1958.
freezing.

Growth and maturity of peas for canning and
Plant Husbandry 9, 112 pp.

Pandey, S. and E.T. Gritton. 197.5. Protein levels in developing
and mature pea seeds. Can. J. Plant Sci. 55:185-190.

Pandey, S. and E.T.Gritton. 1976. Observed and predicted
response to selection for protein and yield in peas.
Crop SCi. 16:289-292.

Pepe, J.F. and R.E. Heiner. 1975. Plant height, protein percentage,
and yield relationships in Spring Wheat. Crop Sci. 15:
193-197.

Rasmussen, J. 1935. Studies on the inheritance of quantitative
characters in Pisum. I. Preliminary note on the genetics
of time of flowering. Hereditas 20:161-180.

Romero, J., S.M. Sun, R.C. McLeester, F.A. Bliss, and T.C. Hall.

1975. Heritable variation in a polypeptide sub-unit of the

major storage protein of the bean, Phaseolus vulgaris L.
Plant Physiol. 56:776-779.

Rosielle, A.A. and K.J. Frey. 1975. Estimates of selection para­
meters associated with harvest index in oat lines derived
from a bulk populations. Euphytica· 24:121-131.

Royes, W.V. 1973. Amino acid profiles of Cajanus cajan protein,
!ll Uutritiona1 improvement of food legumes by breeding.
Protein Advisory Group of the United.Nations System.
Symposium. Rome. p. 193-196.

Rutger, J.N. 1970. Variation in protein content and its relation
to other characters in beans, Phaseo1us vulgaris. Rept.
Dry Bean Res. Conf., Davis, Calif. 10:59-69.



204

Sandhu, S.S., W.F. Keia, H.F. Hodges, and W.E. Nyquist. 1974.
Inheritance of protein and sulfur content in seeds of

chickpeas. Crop Sci. 14:649-652.

Selim, A.K.A., S.A. Shahin, and S.A. Mahmoud. 1974. Genetic
behaviour of protein percentage in broad bean, �
� L. Egypt. J. Genet. Cytol. 3:229-235.

Shannon, J.G., J.R. Wilcox, and A.H. Probst. 1972. Estimated
gains from selection for protein and yield in the F

generation of six soybean populations. Crop Sci. 4

12:824-826.

Shia, G. 1976. Heritability, variability, and effect of maternal

parent, seed shape and cotyledon colour on protein content
of field peas. Unpublished Ph.D. thesis. University
of Saskatchewan, Saskatoon.

'

Shutz, W.M., and R.L. Bernar.d. 1967. Genotype x environment
interactions in the xegional testing of soybean strains.
Crop Sci. 7:125-130.

Sinclair, T.R., and C.T. De Wit. 1975. Photosynthate and nitrogen
requirenents for seed production by various crops.
Science 189:565-567.

Singh, L. and R.R. Hadley. 1972. Maternal and cytoplasmic
effects on seed protein content in soybeans, Glycine
max (L.) Merrill. Crop SCi. 12:583-585.
-

,

Smartt, J., P.J. Winfield, and D. Williams. 1975. A strategy
for the improvement of protein quality in pulses by
breeding. Euphytica 24:447-451.

Smith, D.L. 1973. Nucleic acid, protein, and starch synthesis in

developing cotyledons of Pisum arvense L. Ann. Bot ..

37:795-804.

Smith, R.R., and C.R. Weber. 1968. Mass selection by specific
gravity for protein and oil in soybean populations. Crop
Sci. 8:373-377.

Snedecor, G.W. and W.G. Cochran. 1967. Statistical Methods.
6th Edition. Iowa State University Press. Ames, Iowa.

Snead, B., and A.E. Arthur. 1974. Genotype - environment inter­
actions in peas. Theor. Appl. Genetics. 44:222-231.

Spilde, L.A., R.S. Albrechtsen and M.D. Rumbaugh. 1974. Relation­

Ship of protein percent with other phenotypic characters

in interspecific oat crosses. Crop Sci. 14:767-769.
-



205

Tandon, O.B., R. Bressani. N.S. Scrimshaw. and F. Lebeau. 1957.
Nutrients in Central. American beans. J. Agr. Food Chem.
5:137-142.

Thorne, J.C., and W.R. Fehr. 1970. Incorporation of high-protein
exotic germplasm into 80ybean populations by 2- and 3-way
crosses. Crop Sci. 10:652-655.

Tkachuk. R. 1969. Nitrogen-to-prote1n conversion factors for
cereals and oilseed meals. Cereal Chem. 46:206-218.

Trevino, I.C. and G.A. Murray. 1975. Nitrogen effects on growth.
seed yield, and protein of seven pea cultivars. Crop Sci.

15:500-502.

Udy, D.C. 1971. Improved dye method for estimating protein.
J. Amer. Oil Chem. Soc. 48: 29a-33a.

Vogel, K.P., V.A. Johnson and P.J. Mattern. 1973. Results of a

systematic analysis for protein and lysine composition
of common wheat (Triticum aestivum L.) in USDA World

Collection. Research Bull. 258. Agricultural Experi­
ment Station, University of Nebraska, Lincoln.

Watts, L.E., E. stevenson and M.J. Crampton. 1970. Inheritance
of flowering time in six pea cultivars (Pisum sativum L.).
Euphytica 19:405-410.

Weckel, K.G., D.J. Hagedorn. J. Von Elbe, and R. Hawley. 1963.
Effect of size classification on the protein content of
Al� and Perfection peas. J. Food Sci. 28:356-357.

Wellensiek, S.J. 1925. Pisum crosses. I. Genetica

Wolffe. J.A. and J. Hamblin. 1974. Within and between genotypes
variation in crude protein content of Phaseolus vulgaris
L. Euphytica 2,3:121-128.

Zoschke, M. 1970. Effect of additional nitrogen nutrition at

later growth stages on protein content and quality in

barley. !a Improving plant protein by Iluclear techniques.
!ne. Syap. IAEl. Vienna. p 345-355.



Appendix

-

206

9. APPmDIX

1 Mean values for single plant protein content,
height, haulm protein content, harvest index,
seed yield/plant, total protein weight/plant,
and haulm protein weight/plant of 25 geno­

types grown at Saskatoon and Nipawin, 1974.
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AppendiX 1.1 S�ng1e plant prote� content

of 25 genotypes at Saskatoon
and Nipawin, 1974

% Prote�n

Genotl� Saskatoon N�Ewin

Palouse 24.9 18.4
P.I.356846 26.1 20.6
.MP783 24.7 17.8
Triumph 23.0 17.4
MP761. 21.4 18.7
MP702 23.2 18.7
century 23.5 19.5
MP790 23.4 18.5
Trojan 24.4 18.2
P.I.356885 23.8 20.0
P.I.206790 27.4 23.4
P.I.357001 25.7 22.6
Trapper 24.9 18.7
Lincoln 26.9 22.0
Dashaway 24.9 18.3
HP789 23.3 18.5
W718 24.0 20.1
P.I.356837 24.1 18.0
W703 24.5 20.5
P.I.324705 25.9 20.8
Petit Po�s 26.0 17.8
MJ?712 23.0 18.4
P.I.356834 23.6 19.9
P.I.269812 23.0 19.4
MP39 22.9 17.6

Mean 24.2 19.4
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Append:1x 1.2 Height of 25 genotypes at
Saskatoon and Nipawin, 1974

Height (em)

Genotype Saskatoon Nipa!1p

Palouse 65 47
P.I.356846 95 100
MP'783 116 107
Triumph 65 67
MP761 lOB 95
MP702 110 110
century 105 115
MP790 9B 85
Trojan 87 B1 '

P.I.356885 107 lOB
P.I.206790 98 111

P.I.357001 �118 ., U8
Trapper 90 85
Lincoln 51 43
Dasha"I/8.Y' 122 107
MP789 ,.83 73
w718 101 100
P.I.356837 102 97
W703 125 88
P.I.324705 131 U5
Pet:it Pois 61 58
MP712 111 100
P.I.356834 110 101
P.I.269812 112 105
MP39 101 75

Mean 99 92

-
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Append:ix 1.3 Haulm protein content of 25
genotypes at Saskatoon and

Nipawin. 1974

Haulm protein content %

Genotype Saskatoon Nipawin

Palouse 8.85 5.34
P.I.356846 10.04 7.08
MP'783 8.56 4.25
Triumph 8.07 5.11
MP761 9.47 6.04
MP702 8.69 5.65
Century 8.04 5.84
MP790 6.67 5.97
Trojan 7.50 5.16
P.I.356885 7.03 7.63
P.I.206790 .. 8.87 5.39
P.I.357001 .. 9.42 7.05
Trapper 8.02 5.24
Lincoln 7.93 5.89
Dashaway 7.52 5.92
MP789 7.96 5.57
W718 6.88 6.22-
P.I.356837 8.74 5.34
'1703 8.26 5.34
P.l.324705 10.02 6.98
Petit Pois 9.52 5.96
HP712 9.24 5.24
P.I.356834 7.94 6.77
P.I.269812 7.47 6.07
HP39 8.56 6.15

Mean 8.37 5.89
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Appendix 1.4 Harvest index of 25 genotypes
at Saskatoon and Nipann in

1974

Harvest :index (%)

Genotype Saskatoon Nipawin

Palouse 59.5 58.2
P.I.356846 49.5 48.7
MP783 50.7 47.2
Triumph 57.2 54.0
MP761 53.2 54.2
MP'702 43.7 48.0
Century 49.0 48.2
MP790 54.2 57.2
Trojan 47.7 51.7
·P.I.356885 48.0 44.5
P.I.206790 4�7 47.0
P.I.357001 47.2 49.2
Trapper 48.5 49.5
Lincoln 60.0 56.5

. Dashaway 47.2 48.2
MP789 53.0 53.0
W718 54.2 52.7
P.I.356837 48.0 50.2
W703 52.5 53.5
P.I.324705 38.2 51.2
Petit POis 55.2 56.7
MP712 50.5 50.7
P.l.356834 51.0 51.2
P.l.269812 51.2 49.2
MP39 49.7 49.7

Mean 50.6 51.1.

-
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AppendiX ·1.5 Seed yield/plant of 25 geno-

types at Saskatoon and Nipawi.n,
1974

Seed yield/plant (g)

Genotype Saskatoon Nipawin

Palouse 16.7 7.6
P.I.356846 3.9 5.5
MP783 10.9 6.3
Triumph 12.9 6.5
MP761 6.7 5.9
MP702 6.7 6.2
century 9.2 7.6
MP'790 9.9 5.4
Trojan 6.1 6.4
P.I.356885 8.3 4.8
P.I.206790 16.7 7.8
P.I.357001 5.5 5.7
Trapper 9.3 5.1
Lincoln 13.9 6.8
Dashaway 8.2 5.6
MP789 7.6 6.3
W718 5.3 4.7
P.I.356837 5.2 4.7
W703 7.9 5.3
P.I.324705 4.3 4.5
Petit Pois 7.8 6.8
MP7l2 10.9 7.5
P.I.356834 6.2 4.9
P.I.269812 4.7 4.5
MP39 6.1 4.4

Mean 8.5 5.9

L
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Appendix 1.6 Total protein weight/plant of 25
genotypes at Saskatoon and NipaWin,
1974

Total protein weight/plant (g)

Genotype Saskatoon Nipawin

Palouse 5.12 1.70
P.I.356846 1.45 1.48
MP783 3.57 1.40
TriUmph 3.81 1.43
HP761 2.02 1.41
MP702 2.42' 1.52
century 3.15 2.01

MP790 2.92 1'.28
Trojan 1.99 1.46
P.I.356885 2.56 1.44
P.l.206790 6.57 ,2.34
P.l.357001 2.01 1.71
Trapper 3.01' 1.20
Lincoln 4.57 1.82
Dashaway .2.63 1.35
MP789 2.38 1.37
W718 1.57 1.20
P.l.35G837 1.75 1.10
W703 2.50 1.29
P.l.324705 1.92 1.17
Petit Pois 2.66 1.51
MP'712 3.64 1.79
P.l.356834 1.97 1.24
P.I.269812 1.41 1.15
l1P39 1.90 1.05

Mean 2.78 1.45

-



Appendix 1.7 Haulm protein weight/plant of 25
genotypes at Saskatoon and Nipawin,
1974

Haulm protein weight/plant (g)

Genotype Saskatoon Nipawin

Palouse 1.00 .28
P.l.356846 .41 .37
MP'783 .85 .29
Triumph .81 .28
MP'761 .59 .30
MP702 .85 .37
century .95 .50
MP790 .58 .28
Trojan .50 .30
P.l.356885 .62 .47
P.l.206790 1.92 .51
P.l.357001 .58 .42
Trapper .76 .27
Lincoln .80 .30
Dashaway .70 .34
11P'189 .56 .27
W718 .29 .26
P.I.356837 .49 .24
W703 .57 .21
P.I.324705 .81 .28
Petit Pois .63 .31
MP712 1.08 .38
P.l.356834 .47 .28
P.I.269812 .33 �28
MP39 .57 .28

Mean .71 • .32

L
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a Mean values for yield, protein content,)proteinyield and seed weight of 1071 genotypes from the
U.S.D.A. World Pea Collection grown in a-replic­ate partially-balanced lattices at Saskatoon,
1975.
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214.115
11.QQ

:n.2
5.9

196.63
68.37
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_LQttlce iJ3

Genotype Yield l'rotein Protein Seed,

content yield �ir.htII/plot '1. r,/plot &/200 leeds
PI 2 ... 9 ... 1.l(>� '� ... ::;. 20 21t.10 Z21!.82 35.1
.. I 20 l4'J I o!)/.Cu 21t.211 2C8.67 34.8
PI h/"j� d�It.67 Z6.26 2Z:!.Bl 28.8
PI 1"'��"'2 d51.13 25.41 214.61 35.5T�APPlR olt II. 5J 24.'" 212.72 Z4.8
1'1 lll.'.> .. 9 ij ... 1. 7"J 25.82 2lE.77 30.2
"I 1 'Hit!) .. <1)9.90 25.02 Z10.52 38.1
PI lO3Ju':' .,2'1.02 25.01 215.65 31.4
PI 21(1 .. 1.)4 620.:' .. 26.20 213.73 29.1
PI 1'13J't!.t ec 1 • 11 2�.lb 201.63 35.6
PI lJ(>.J4<t "(db.'I4 24.(6 UHl.U 4(0.0
PI 1 " ... ..,1.1 1 7t1!).11 Z,.9d 20-'1.28 30.5
PI l'lj,h) ill!).Ct! Za .14 2(,5.21 34.8
Pl lvltjh 71'1.<;1 lb.21t 2C5.SIt 1t0.0
PI 1'174'+ I 17!l.4C 2".23 203.42 21.8
PI l'J3cJ4u n ..... " 2b.1C 2(,1.92 35.1
PI l ()<.� J .. ,,/ 112.17 24.5� 1f".12 37.4
PI 1 ').J1t 7 71.1'1.1 (J 2;.62 194.21 :!5.4
p, llO;u.j la/d9 H. 7S 1"6.35 21.0
PI 1 � 1') iU ,,? 7(,(.. b2 25.4 .. 1""."0 77.Q
PI l'Ics'Jll 1(>(.. !lit c:!6.4'" ZG2.G3 't 'J • a
PI l.04,hll 164.2" 25.52 1'04.40 35.1
PI l.10!) 'It nR ,,, ... 'od 29.23 Z"3.511 51.5
PI 19 ..dl1 ,,,2. (I: 2!)o t;(> 1'i I. 15 32 .1
"I l:JJJul 1:./ ... 2 2!l.3� lC;:.!,c:. 'h.8
"1 190)c) J 7H.l3 llt.ld 17;,. r,!) .!l.b
PI .!u(JJ.11 IJI.!)1 22036 10 �. 64 l6.4
p, l10�9j U.7.d!:l 22.t;1 Ib 7. C4 4�.7
PI 1 '�:. .. l I 7;!O.01 ,,(0.2 .. 11lo;.02 �� .4
PI c:!b> ... lJ 711,"1 l!>.D 177.<;3 31.6
PI ll0:>tll ,�;, IC".1l0 2:.i.7 .. 182.03 61.9
"I l��/J:.. IC.':.,h 24.<;7 175.30 19.5PI ":�I>')Jd 7.ll.t:! 21.41 1'#2.(:3 ,31.?
PI ll..'i!lJu 701.5:. 22.11 16t::.64 � 7.6
PI 1I",J14 (Jb�.�' 2.)012 ,111.C) 3P..S
PI 1�b)U 1>0t..13 2:.,. !Ie; 174.e2 H.d
PI 19.JJ1) u7".6!:1 Zq.O; 191>.7d 4Z.9PI 1 '1'><.1 .. '1 uCl4.ll 25.01 17':.7<; 31t.4
PI 1 "6.)1..J "" ... ..:It 27.2' IbC.ll 3:.9
PI lvbJ't:> �)C.Jc l'>,"7 172012 :;'#.5PI c:! ...o .. :'o ':':"3.u'l 22.64' 147.16 33.dPI ZJ,;�,)I .. u51.5(; 2,..51 16C.37 '3A.8
P1 .lJ.)O ... :' !>!:IC.CCl 25.!)I) lo!>. "3 35.1PI 210 .. 1/ !>31.04 23.75 l!:i!.tD 43.7PI l"!:I ... J� u16. ,H ":b.71 10 ... 18 34.1PI 1'1:>':" J1 tolu.l4 21.2., It:e;.66 JC' .4PI !. Li.);,J olJ.,' 23.5 .. 14'.. Cl 3<:.6
t' , lJoi4J "JCI.�d 2 :>.lt4 15').2. 30;.6
PI lJ4J,Jo ",_ C .C� 2(;.,(> 15E.t:; 36.4
.' I e o .. ,)U'J .J-=i�.�j 27.2:> 161.4l 22.1
.. , .!')u�,b .ir'. :>/c:.Cl 26.�:Ill Iba.3, at 3,.9PI llu.)J.J " ... :>(,.:.'0 27.5 .. 1!lit.,,7 41.9PI 1 � I'IJ'I :J�l�.�J 23. �6 Il4.�1 41.1.1PI ll'hll ... " ,dl.;: 7 211.5C 1!lI.ES 2'1.8PI 2iJl.»)" :.11011 ":6.oC 142.50 16.lPI c:!1)1J1.J .. II', s,; ... � 1 2Il.,,1 15e .Il" 3b.1PI .! LJ:.o t» A" :;,2 ... .1.'.; ltl.11 14<'"d 'to.t'PI 19�."'.) )c:!".Jd l5 ... S 13!>.�/t (d.b-PI .!llb)U :JLC ..... 2;,.J� 136.66 l.7 .01'1 �1,J.)IL .�!' ;41",,8, Je. t:', 16C.72 ;O.e:.PI 1/'l'1�'1 .. J I. 17 27. il!i Ut..2A l8.2PI ,,:u .. J )J 't];!. 1(; 2C1.bl 121.17 3'� .5t'I !.l\)�"v .'4;\_ 1.... 7.bc 2e;.'>7 131.<;S )3.9PI c:!·JtJ .... .. 3",.'::0 26.3b 113.,.8 55.ft

Me ,\ j
lS,) I P·I.l ...l:J1
l,1I

«e «, til
.� .. I. JIl

1 I • ..,'_

-.
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Latt1.ce il4

Genotype Yield I'roteln l.'rotein Seedcontent yield �lchtg/plot " g/plot g/200 seedsPI .L94JIt, �? 1. so 26.04 247. &4 3 �.2
... J 194",41) 9l9.1.)0 26.06 242.88 35.2
.. I llv6"b 'lib. JIJ 25.115 234.47 33.6
PI ,all.) 7L il7u.50 2".31 228.14 11.7
PI ll.)bS1 �. tlbf�. Ju .11•• 18 20" .37 34.6
Pi ZU6dd c)oJ. Vv 24.45 207.67 33.11
1'1 H4';44 :l6v.0'o 25.68 219.36 5Z.5
PI Z10cb'1 843.\)0 24.75 l08.25 44."
PI ZlZJl.J IUO.JO 25.60 212. <;0 3'1.Q
PI l-it4Hd 8v).Ou 26.17 .!o'".'n 3".U
PI lllo677 790.C0 Z6.17 ZUb.ul 32.4
PI 21v6'}u 788.51.1 25.59 195.Sq 38.5
PI J,14':'4i. 759.50 25.97 19".71) 34.0
1'1 1 '151)c:! I 757. UI) 27.2� 204. 'H 30.1
PI 1 �4J41 755.vv 2S.0J Id!l.7/, ll.4
1'1 194J4d 74'; • .;1.) 25.59 190.69 33.5
PI d.:JJ·J 72d.00 25.22 183. B 1 41.)
PI 19!1019 7.!S.UU 25.67 184. Li:I )4.5
"'1 ll,)1J5 72 L. 5u 24d5 IH.72 )0."
tll 194J41 HO.5u 27.ii2 19�./d 27.9
PI U4JSI) 7')S.vu l5.1J5 1I1l • .!1 35.1
PI .!oJbCl.!l 7v'). Uv 24.1tJ 174. d4 38.3
PI 194310] ('.98.5u 26.09 183.10 3'§ .5
PI lllb97 bll7.uu 26.78 182.()4 30.0
1'1 1�4,.,4!) f..cJ!.r. oJu Zl. 1"> 16/•• \)9 3" .1
1'1 ll';b&5 ...� olB';u 211.ll) 1 en .:�i) lo!l.5
"'1 B4,JU<i &17. '>1) 24.90 16 q.J 1 33.7
PI 1�5\)lo b6'1.51) 26.35 176.24 211.9
PI llo\)44 o41J.,U 24.51 159. 11) 23.7
PI l157f>1J 041.,>v ::!4.c:!� L � 7 �')2 .n.o
PI dvbSL

646.1.11.1 ll>.91 11 J. 'll 2Q.�
PI l1ul)1J4 643. ,),) . 25.'H 163.72 3".0
r �,A""c"

,,4 ... Jv e«, Ill, 1<;,.11, 24.·�
1"1 1'/4�4'" 64l.,Ju 26.3� 17 \.. 11 )'5.2
PI 21,)oJl 034.ul) 26.Jv 1��.• 7J 32.2
PI 1 'I:> 1.1<: b

6.lv •. ;v 24.4.;) 154.t,v 32.0
PI .llvl7 ..

bl 7 • .),} lb .41) 1',5. ,4 17 .8
PI l.!J.!a4 .,20.1)" 2b.15 1(> 1 •.� t1 20.2
PI 1 '143,)') <.>lt1.JU 21'1.15 11>1.':'j 39 .�
PI lllUJl oJ7.5J 25.4.} 154.1:') 37.£1
PI 1'1;J.: 7 bJv.UJ .!:t.4" 141 ... 4 3';.7
PI It.!.i.\)o'i 5'in .... v 2b."" 15 F.. 71 Ih.O
PI ':l.:rHo :>90.5u 25.15 IS0.'t.} 40.9
1'1 17!>,J':,; S�.l. If ... Z6. ,10 l'5�.'1cS 32.0
PI I'J'>1.)2<) <;71.uv .

l5.<1L L 4 7 •. ! ,! 31.1)
1'1 171oJ44 515.5.; 26.11) l'h).l!l 34.1
PI .!lJt.": .. "'''' ; 11. '>u ld. B Ib4.J'J 46.'"
"1 19!10/5 ;�1o .• 5\) 21.QO 157.13 Z8.5
PI .lU1l7 I)'H.0 ... 17.l6 14h.�CI 16.9
PI ':l,l1l 546.,)v 26.L� 142. �J 20.2
1'1 .!llv,;" ft" 545. )u 21J.l2 1')4.iJ" 40.7
"I .!lvt.c:>lh." 544. \)1) 29. b', 161.40 34.�
PI .l1t.<)45 526.uu 2&. I" 13'1.'5 3.!.l
1"1 '!'.!..t.�')4 '.!J. v,) 24. "II, 12<l.Cl2 31.4
PI i.J.;,:,u71 ')1v.\)", z s, 12 14b • .)/ 11.2
tll Uvld>1 5';1.,,,,) 27 011 135.5u 17.0
1'1 .: 11)1>;,4 .'4:c. 49.l.uU 2Q.Oo 14, • )0 31.2
1'1 .:.!,)ol.l 46d.v.; 2<;.;5 11<1.50 N.4
PI 19'>,)':> "64 • .],) 27.3/, 11.6.�O 32.2
"1 1�:>u24 40U. ,h) 21. A 5 lZd.4v 2�.1t
PI ":1 .. ')1" "">'I.UIJ 25.00 114.1!> 43.1
1"1 ..!lj,).)tJ Jd 7. Jd 27.64 10�.4� 15.a
1'1 ,':':",175 )1;. ,,>v lh. iU 11)';.11 17 • ..1
1'1 .:! I j,JI·1 V.H.Uu 2�.�'I !! C;. :01 ll.5

ItL��
L.),l ll".l.,,"1
1.'1

fJ I
..... (. .)

; H,." I

..:. .....'1,).
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Lei:tice i5

ConotYi?c Yield I:'rotein Protein Seed
content yield weigbtg/p1ot � .R/plot 81200 seeds

PI .l44104 1\104.13 26.91 26B.59 "31.>.1PI ;.!4410'1 wK 9'�� .69 27.49- 274. ill 44.6PI l.l,,!)6.! ��9.9J 27.28 2'.i2.80 31.6PI ..:L6561 93:':.01 26.6ij 249.03 33.8PI .l3b4csY 919.74 26.85 248.91 38.8TKAI'P(I{ ;jt!�. 31. 26.11 2J1.'>!5 2,.21'1 Llt41",,, o<llS.l,) 27.01 239.t>2 37.6PI .l 44 11 d 'tI, 1l83.0J 28.15 249.01 27.6PI l441\H WI� db 7.1.3 24.16 20a.11 45.51'1 .::lc�64 (162.41 2�.34 227.72 33.9111 l4413v 843.99 23.90 201.52 40.3PI L4u514 ,;�. ilJ2.8" 211.36 234.54 41.1PI .l44u91 1'0 a32.46 25.26 211.45 42..6PI 2"U51> 831.1<: 24.61 199.'>7 44.41'1 l44J�( wK d.:y.'1!) 29.46 Z45.1�. 3� .6�l 244U'" 1\28.99 24.55 204.03 36.5PI .l441L'J" cH8. :'11 .24.19 197.1� 4".0PI .! .."5cJ .1u;'.u1 H.7l 221.<;7 32.81'1 l41)517 '''' ISJ.: .0" Z·).86 240.44 31.41'1 .! ..41.!!; .. " 718.IH 27.47 214.1.'} 34.6PI l441v6 .. " 771.iJ9 30.40 234.3,> 3", .11'1 .: .... 1.!4 7')8.1)7 l4.6� 186.31 31,.6PI 24'>516 146. 76 26.47 198.91> 41.1PI 2"41"1 745.78 26.09 196.72 34.0PI 2,.41J, !) 139'�.:> 26.69 19i .lo"! n.7III .:: �ltlJ� 1 J6. 14 24.W, 1112.1'1 41) .f-i>1 l4.J') 1.1 ,,� 1.!7.llt 24.69 lr:lJ.j� 102.21-'1 l441':;" 7lu.2;) 2f1.1>3 21'.)ol� H.IPI c!441Lc"i 6'l19 • .!1 30.54 21 s, ?; 35.1)PI Z ..41':7 "" od6.l6 30.19 H:.l.7'" 3').10III ':"t4ll .. 6el4 • .;5 28.29 l'iJ.17 J4.1PI l""".hl,. 6I!O."U 24.40 1(, 1.01> 42.4III llt .. 117 67t.o1 26.5� 179.34 :3 "1.71'1 l.!95J:J b 11). "/.7 25. <;6 175.�0 31.4PI 24"llJ '" T 1\ 669.69 25.:n 1601 • .11) 46.61'1 2"1;':1 J GO). 1'1 27.';5 1 P,2 .tll 3«;.4PI �4't" .I..., 6':1/.2'1 20.G6 171.'i'1 37. .9"I .l"t .. i.l J 051.'i& Z4.50 162.16 37.11'1 2441ud .-.., 636.75 Z9.99 190.6r, 4j.1PI Z4.:.)c!o 0 ..)(, .23 26.15 17C.<;I, 48.4PI �441JJ b)4.1)2 25.72 162 • .,,,, 42.JPI 2"41.!'J 61<;. ,'I 24.21 15oJ.IJ'J 4').9PI l4v519 015.46 24.65 1':iZ.jl> 52.41'1 .!"'41�1 1l15.v6 24.QO 153.'i2 30.31'1 .:44il url bv7.4� 24.59 147.9,) 3'1.21-'1 .! J(> .. �/. 6J 5.72 27.61 167.q<; 32.3PI .!4'tJ·J..) II{ >"I.JH J').l 'I 176.91> 39.4»1 l.44J.,-/ II" �/ti.5u 2U.98 16?�r; 46.4f> I _.o: · ... 11 .. -'I.'cs.l� 25.73 l4tl.71 L "'!3. 3PI "'(.41.:::: .... 4'1 .. ., 7.22 25.51 IH.'7 41.5PI ,:!oOt"l,! ''I' � ,� 2.06 24.40 13 J. � 'i 35.61'1 .!441.: J"" 'iJu. Fb 2ii.9f.o 1')', .04 43.1PI l..lll':>u !:Ii '10 lid U.82 lH.d" I" .11-'1 l JOlt ').) n" ')L ..... 7 26.5,) 13'i.35 57.2t'l ':441U 511.11 .!C;.31} 11'i.l'i 3i1.6PI 1.4411t) 4·HI.d .. l,).2'1 121.17 52.91'1 l J"''f'j j ... tlb .�/) l'i.1)9 12:2.01 Z«;.RPI .:1t41d " .. 41H • .j4 25. b 1 12 r, 94 4oJ.4PI l44U.: 4h4.59 7.4.·H 11 t!. 21 )Q.lPI set« � I 4j �.�.! n.lO 117.1" 11.91'1 r!44v'J� 4..1u. , ... 2'l. 'iJ 12 ..j.Ld 21j .IlPI l ... 4,J�" 4l" •.,1, l,).12 lZ4. H 21.t-1'1 t!:"tJ'J\) ,,{ J �4. b;: .! q .1, 114.4'1 101.11'1 �4�4.J/ "" Hu.67 �·j.iH rn.77 4'! .2

'II" A�
L:.IJ (1' • ..10-.1'»)
t.v

hli6.Jl
.!'IJ.o",
.!O .ll,

-
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L4Uice '6

Genotype lCield
L>rotein i'roteln Seed

n/plot content yield wight% n/plot r./200 a.ecl.PI l ..1t1c.lw 1.:!OIt.1J5 26.05 lOS.41 53.4PI lltltllj6 1,,48.68 26.31 276.1:11 30.0PI l41tZ1> '913.10 23.qq 216.03 50.0PI l44Z.:!iI 904.,lY 28.b;) 251.6J 37.1PI l44144 080. lit 23.21t l03.91 50.aPI lltlt1t1U <I'" 1818.81t 28.71 249.42 39.5PI 24<th; 814.91 26.51t 232.15 41.9PI 2ltitlU 664.41 26.19 227.89 1t7.51'1 2ltlt1 �7 ,,� d56.94 29.25 25,).45 38.5PI l4ltU7 .1� SH.3S 2R.ll 235.47 31.1... , 24101:.u .• " 1.130.64 27.52 227.13 37.7PI "44,�:a lila .22 25.59 212.94 41.8PI 2441'010 flO:!S.6'i 25.17 21J.H 34.3PI l441�1j 801t.J1 25.!!9 201.31 21.61'1 24417�,; d\)1.14 25.H ,,01.73 3q.3PI l44J.S, Ii;" 7'J9. loll 28.60 221:1.51 31.51'1 l441J 7 791t.51 24.1t3 191t.31 4t.6PI 241tl.HI 7'1�.Z4 24.68 195.31 36.9.. I .:!Iolt1'i; "" "1t.5U 28.15 222.�9 ]q .810)1 2441:'1) 160. U. 24.47 181t.97 33.1PI .!'t4Ub 74'f.O
.
.l 2:).)d -191.20; 37.11"1 .:!Io41Y9 -llfi. 742.7S 27.61 20b.77 40.3"1 244107 733.26 25.12 18d.36 50.7PI l441'td ..,,' 124. tiC> 28.51 205.33 35.2PI 244101 719.flb 24.72 111.14 38.6t'l ':4 .. .:!\)4 719 •• .)0 27.51) 19�.&5 49.5PI l4'u45 �T r( 7Ul. "'J 26. db 181. 14 33.3P' l ....2Ju "" 6H.8u 2d.14 19�.47 39.31'1 l44lbl. 0'10( b'lIt.5t. l'l.12 lQ9-..77 36.01" 21t4l"'J 6�2.�tI 21t.H 17U.l«; 10 � .1"'1 2 .... 1'.11 C>'11.,9 24.55 170.1>7 42.1)"I .. 44LJ� (>'37.q� 26.311 17'i.31 33.0PI �41t1!J"w 6�2.9a lb.41 1110. H 44.2"'1 " .. It 1 ,J;! rl� 6t1'.�5 l7.05 Ie;) .FI� . 17.41"1 l1t41 .. ..l 6Jl. lo! Z4.5ij a7.l.)o; 37�0PI l44lU .. 6�v.53 2".2't 176.20 4'J.:J1'1 ':44lv� c>u.n 25.\)" 16� .22 :U.'l.. , ,44lJ:l b4 7. Z't 2,).9'1 l�d.31 40.1PI l44l.!u <I" 6toJ.lhl 29.I)Q lR�. lit 46.2"1 "4417<),. hit 1.70: 2bolu 16�.LJ 6@..1)til ':�417'J ,j" 1139. eI') 25.21 llll.Ci) 'J .1PI lltio17.:. ..,� (,H.U ZCJ.1)4 18j.92 37.'5PI .41t.1b4" (lJ!J • .!" Z'h8b 191.1. Z l 52.&10)1 c"4;'!1.4 6"l.6,j! 25.1)4 157.4'1 53.41"1 " .... 1:19 .H btl.7J 30.16 18".�0 2CJ.CJ1'1 2 c... 16 il '''' b 19.39 28.50 17[).31) 39.2.... l44"u� ('UI.91 25.,25 156.4� 42.4til ,: .. 410 .. 5 .."H3. J9 24.66 14".�(. H.B1'1 2 .. <t1:'0 C:nJ). L2 2<;.00 151.). :P 41t.Or" .. t' ,'c,," 'h'!. )L zr,»: 162.7J 22.710)1 L441�t,)� ... � ,)GO. �_j ,!"'h 3d 1S0. ')'1 5 r,«1'1 l.;' .. ln <II" �oj7.1tl 211.76 i e s, 21) 40.21'1 '44U .. "k ':>';,.U1 29.0b 1 711.o 1 34.21'1 L4H:>" SJ 1. 3 j 26. toll 1S5.4U 60.31-'1 ;Z .. 42I.Q 5tl1 • .l3 ZS.U,) 1&2.9'> 3a.51'1 ,441,1 .. 580. ,U 24.1t:> 142.JI) 47.4"I i4 ... 2.i:.i.. ';61.47 l4.49 1311.U: 31.3

.

�, I 2441J� ,j" '>;7.uo 2'�. 72- 16 S. lb 57.1PI .:!'t4L4 .. "" ;I.{,. ':>0 l1.14 1 C;'l.;: 7 34.1PI l."",u<) ,"r� ':>t.l6. '.1 2d.1'5 141'1. 1 U "3.4fo'i L:'41. '0 .40·, <t06.d') 26.67 1·2 '>."'1 Itf:. 3PI ';44L 1'> '.1. j. u ( 2b.!:>.., 113. u<) 49.1... , i ..4t!'.\J "" 197.1v �().':l7 lll. � 3 .!Z.3pi .: .. <t1 'iu �" Hit.')!! JJ.84 111.1102 "f..o

Mt .\;.j
L:i,J 't'�\) •. )·)1
(.v

h·�b. d!>
.. Ju.97
14.J.J
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·1.4t t1ce #7

Genotype Yiold :.'roteln l.'rotein Seed
content yield welehta/plot Yo r,/plot r,/200 seeds

PI l�vr.4l llv�.:)u -Z3. ae ....

Z51.17 '"""'29.7PI lu16(>� 1.)"6.00 as .8t• 28b.2l �0.51'1 l ') 74�.t. I v<t8. 00 25.711 210032 28.6PI l'i<tu,5 lv�b.Ov 24. AI) 21j1j. 1 'i 44.4PI ,,<t4lal loJl5.51) 25.33 260.71 40.8PI l.44.t.�7 I'IK lU22.0u 21.01 215.74 38.1
PI ,44l. .. 7 101O.5J 2').21 253."0; 4q.�,
1'1 lolaJ!> lvJO.OIl 26.95 269.43 42.1
PI l.4'1644 '1ij5.51) l4.21 231.91 :3 7.6rtl.AI'Pf:.K

�lll.l)u 25.65 <!"2.)Cj 22.S1'1 '!�J .. 4b ..I{ -)7". !:Iu 29.D 284.c!O 102.6
PI ,!:I7:i'J3 '11'1.uu 26.11} 2'56.14 36.6
PI 26101>0 97b.)\) 24.11 23J.(,� 47.3
1'1 , ..4,51 ;71.00 lSd'S 246.ill!! 49.5
PI l.!ill44 '10'>.')1.1 l'i.U 241.4" 1t2.7
PI ,4<tZ53 9:;0 • .)u Z4.de. 235.28 40 .. 1
1'1 ,')V441 Wo<. ',0,. UV 2d.55 251.76 4'S.1
PI i.'t4l.Jl H'H.OI) 26.65 238.57 Z6.51'1 '4i�4.: dd S. 50 ,4.01 0!16.Q7 :n.5
PI ,�lu;1 IS 1'1. 5u ,lll.Zl ZlO.I,U 22.1PI ,H4l"Fi dN.SI) 21.41) 242.11 60.2
ill Zul:'JJ �o(. fib..!.')" 2".37 ;.!42.U4 35.!'
1'1 '41t'; .. J dbl..OI) lb.l" 22ft.26 47.8PI .!,v4'td 4h7.0u 24.31) 201. fll 36.6
1" luloJ6 tI� d4.:; IIU l1.0J 24ft .• 1 '5 100."
1" l.'HaJl dJ4.Su 27.10 227.41 36."1'1 l ... ·;o4u olo.()u Z4.92 204.78 64.'51', '!lJ4"1 824. SJ 24.'15 207.26 44.0PI l44,l') .. t!! 14.50 26."9 21 s, 01 31:0.91'1 l)4bll> Bll.SI) 26.34 214.il6 35.3
P' l.'.�o41 '1.,,,.00 27.84 2.!5.t-'1 50.8PI l44l .. � 3J J. UI) 25.25 204.4:i 48.1t'l l51) .. ..1� 8ul.00 24.8;j 197.;;'4 35.4PI l .... .:l.J 7c:1'i.OI) l5.11 lOI.18 0;8.7�[ l<tctl.)o ... " 7dO.OO lb.27 203."� )9.61'1 l4':lll.ll 110. �" 26.31 204.:)" 32.2�1 luiu.>i 11,.1)0 l4.1I0; 191. '.6 52.3.. , l ... e.l .. , ,..:"\ 17u .50 28.91, 223.2(J 61.4
.. , ,!44':..4 7�b. 00 24.d'i L90.1,,, 'S6.l"I 2:.11> ':Il 1':1 ':I. ':Iv 26.17 lOtl.7'i 31.3"I 2"'io4,) 75j.uu Z 7.7" 2()8.loJ 22.7tIl c!b�b�'t 14'i.OU H.13 11J.Q 41.1P' l:.<tl41 141. �u 23.9'1 118.83 4].5"I .!':'4c!'� 14':1"vu 24.4'5 liW.77 42.3"I .!,)H/v 14 J. 'SJ 27.90 201-. r 4 11.ar'1 l."':'.1" 0 " ... 1.Jt... JJ 28.74 211.2') 43.5� , .! ..4li.) 1J'-:. "1) 26.21 19c!.010 34.2"1 244':'J-j ...� t I. 7 .\)1.' l8.SO; 20r..4'] )';.7.�" , ... "U 11'�. UO 21. V'. 1 '14.,),) 5'5.3,'I l4:'l.() I If" 7ld.5u 21.111) 19ddl 40.0;.. , l ..42,,:' .'1, ... 11.14. ':iu 28.62 21)l.46 .. 7.9 •"I �:llo�.l .. � f,qJ. ':1\, .!7.110 193.l!l 4l.br'1 lHi']t) e9l. ;u lb.19 IH.71 3'5.0"I l ...4,!) 7 o1u.;u 24. ·�/. 167.61) 61.:>1'1 .!t>lbo.! ""7.!.>\) l6.41 174.1b 44.'5r" .!blb'jJ b .. 7.UU n.b} 17'7. ""3 '5'5.'51'1 ,!.JJ44j tI,{ ()41. VI.) )0.19 l'lJ.lS '5 !I.11" .!l>liJ'!� uJ'.I • .j1.) Z6.1v Hd.n 56.'51'1 l ...4li. .J <1,_ c'>U4. so 2A.l; l1C.711 50.r;1'1 l!lluoj ,...� '59h OU l.7.1i1 1(> 1 •.�..1 43.61'1 l')J�"'" "r( 5'/6.1)0 28 .... � 171.�J 49.4"'1 l."4/c'>J :;·jl).Ov 26.;'·1 150. V.> 39.1"I .!. .... ,.j 1 "'V.5U 21.27 11.>>1.'>1 r;6.11" l ...... :)'} ,," '>b",uU 23.91 n6. H �!) .2

.'1:: A "
l.)J t,I.J .J';)
':''1 1':'. 'Jt\
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Lattice 118

Gcnot),?e Yield :;_'S'oteln :.>rotein Seed
content

. yieLd \o1IIl/lhtC/p10t % r,/p1ot g/200 seeds
,

1'1 1\)0186, 1217 .17 23.42 •

29-i.9J 3A.3PI 26Q,J7J 1':';'6.11 21t. 71) 303.3(). 34.d
1'1 HJ219 11i!6.11 2S.90 )01.�(J 311.0PI l,,97d't 1176.6? 25.27 29A .11.) 33.2,:>I 2CdJld 1147.55 25.4() 292.41 3l.4PI l0977'1 1142.76 2).95 l71.4� 4:1.9
.. , 2�976.i 111�. 9u 25.()� 217.SJ 42.81'1 l611.JJ,j lloltJ.57 l2.85 25).6:! 46.21'1 l697!>1 !lllb .t!..) 24.39 26-1.65 4'.0"I lQUjj ,,0( 1091. H 26. �2 293.l1 60.5PI 2bJ<lll ludR.N lS.5ol 276.14 41.6
j)1 lbHJ) IvtJ6.44 24.27 261.,)� les.5PI 2097dl. 10�3. 41 24.67 l6b. (.>1 54.SPI lo<t7/)1 ly';2.25 26.39 21'J6.74 19.61'1 l.!)167u 1064.20 24.J2 257.11b 42.9rKAIlI'C::�

1;J..I';.d� ,!4 • .;() 254. J5 ll) .2"I 26�77 7 IJn.ll ?1.4c lSI.li 36.5i>1 ZIJH76 1J17.ld l5.5l 25B."L 36.9il 2b JI 71 IvJ':I.dl 26.41 26<;. 'H 2� .5ill l()9dvu 11.11,)<; .ob 27.)5 274.)0 4'l.71"1 ""Q'il:B 9H.l:liI 25.89 2"ib.b'l ...0.6"I l,J�J;)r> '_Otl • .,I.J 25.ilO 25'j.36 3J.91'1 21J'17:.L "7'0.34 25.5b 2S0.H 34.SPI IJJJid <,1":>: lJ H.01 254.d3 31.9PI .16JJJ4 '173.vl 25.0J 24l. lO :!" .'S1'1 lJlojl '.59.75 25.ZQ l4?.71 ]4. '31»1 lb'i7H �:;'.�6 2'1.41 241.49 75.;III 1,4l,j27 941. '12 26.20 24".1011 )4.31'1 2,j1b7 .. 941.11 24.35 22q .31 !>O.�1»1 21J�71'+ "'H.uo 26.�o 247. �C; B.q1'1 201!>78 �.! ... :)� 26.bu �4" •..,2 5 3.4.. , .!i.>.)J .lJ 9.!1.19 l4.j<: ;a'i.25 36.7PI l.I';.!.JJ 91,0 .IJJ 27.0J 247.74 35.11'1 .!61('> 71 916.';:1 22.910 20'i.60 4;.7.. , .1697:;5 '11L.1)0 24.9) 22 d. 74 "'7.7PI 2�.;vlu 91)9.')7 24.i32 Uf:.H 5;).0"1 .!bnH 9J9. �b 24. t» Zl3.76 'I5.?.. 1 2b91;,J od6.1J za, s e Z02.3l> 11•• 6'>1 lb977J :3(>4.95 lb.';" lZ7.()� 63.2PI i.uLoll 'Jb4 ... 1 Z�.(3) 2.1).4'5 43.,)PI 2b1b�,j J40.'il '-4. to 204.AII 50.41"1 2o';VLJ '" o�9.1'. 24.84 .1010.49 3�. 91'1 Zo·HJ 1 .. � n..! 6. 20 26.9!1 222.4� �l.)1'1 l6'i/Jt. " ... tl17.55 26.7<; 217. i4 '11.3PI lol611 014.1l3 25.95 2lJ d1 2Z.71»1 2b'l7B " ..)(; • .J 7 25.15 2.0;:. ')1 4b.il,1'1 26')71J �Jt,. L 7 2:1.17 22o.()4 l!' .01'1 lbH07 ",)1. t31 '4.9� ZO I.!:>.:. 4Cl.lPI "6-i7/d "" ..Uu. rJv l?40 H2.7l 4� .51'1 lo"idl)L 7'17.4� 27.8d 220. ci 7 5<,1 ....PI 2u97iIJ .", 1r3!:>.39 lA.4Q 222.tl4 'iO.11'1 lbJJl.f 17u.i'� 26.1" . 20<';.11 6).71'1 .16�7-14 ,,0{ '01,).17 20.11 19'1 ... ", 7'i.ij1'1 luHf? 7.)1.1.)6 to 1. "4 llll.41 78.9PI 21097 ':H 12.4.JZ Z6.0;<; 1 qc;. '3" !>9.5", 2"JJlo<! 7IJ5. u5 21).9& IS':.ClI 5'i.�PI .16'1'0 I 6'i 1 • .J': 25.1Z l1l.21 ,., 11.1III lo.hl.! J ooj.44 25.'52 175.J':> 40.2PI Lu�'�.4 .H 677. �d 2.''l.2t> 1?1- .,.5 0,9.0PI .:!o3J,H "'b4.�2 ,n.lll 1�t>.4C 11.41>1 .!olo,,7 ,,0{ o�IJ."o l�.l" lLU. �C) 41.1lPI � ... JJl4 611'. 1 'I � (J." _, l'i'i.1l0 1t".J111 ,!',,\i I 0"" u\),· .\).1 21t.ilH 14Q. I j Z�.'lPI l�lt.'j hJ�J.�14 21.':I� lh" .1.7 1'10.11

"cA'"
L :'1) ", �,l. J)I
(."

� I! •• '11)
.:� :I.l-i
1<0. 1 U

,0,.74
Z .ll

lJ'•• ,,,
#-,1•• 7·..}

41•• 1\

t.';



-

L�tt1ce iiI)

Genotype 'iie1d �'rote1n Protein Seedcontent yield weichtIJ/plot % g/plot 8/200 aeede
PI 14.:! 1 15 1b.13.61 B.38 H1.21 45.9
PI Iblod'o 1449.80 23.1l 339.46 32.7
PI 14"!442 144,. �.l. 24.52 347.43 36.4
PI lb4bo') 1441.58 26.04 380.74 35.4
P' 1621.>�l 1435.6J l3.64 ))8.03 46.2
PI lb.H.!>i 1413.d4 23.28 329.49 36.2
P' 1641 u 7 1404.09· 21.1,,) 20;2.19 38.5
PI 116"'50 1394.ol 25.0b 35".06 3'5.'1
PI 10,6'1L l.142.7u 20.86 219.78 43.6
PI 1434<11 1';21.2'1 23.59 311.14 59.7
PI 1':!�61.1 U19.17 26.U5 346.21 26.8
.pI .ll'JN� 1�9l. 6� 25.04 325.21 54.4
PI 1.21 st « 12-iO.05 25.26 :S24.11i 35.2�I 14J..!<;5 12!!tI.4� 23.34 295.lib 31.2
P' .1.031,:; 126/).19 23.23 Zo;'5.20 34.0T�Aj)t>c� 1':50.9il 22.53 ze 1.0.2 26.5'>1 1 " .... .!c:. ��o;u.l1\1 23.01 ':�I!.Cjl 40.1
P' I..!H5t> ll57 • .16 .n.56 290.11) 42.3
.. , 110d44 1.!51.65 25.76 3<:5.57 49.9
p, lo .. l.;i.: 1235.85 23.48 29l.54 42.1
1'1 104l-i!) IH1.58 23.l5 2d*>. }!; 40.0PI ll;,U I lol23.!!) 25.41) .1l5.J!.! 20.3"1 10"340 1.:111.46 24.67 2QCI. 8' 42.4P! IlJ.! .. 7 lllu·. Lu ..!2.4u 2111). 17 32.6�I 121J!!.! 1olJJ.4l 24.77 29'1. 12 30.9PI lc!441'1 12'" 1. o;u 24.46 29c). ':If, 33.0PI lU..lud 1,(JU011 24.62. lCJ 7 .41 2C1./'1>1 !1t'(4ltJ. l1C1l. au l4.41 2Ei I. f.e, 31.1�I lb.H'(t;, 11'1I1.fl9 23.33 278.72 "'"IZ4.dPI 1a.Jl.!7 Ll�4.4" 21.29 275."0 37.01>, i':v:'JJ 1181. 1� 2').49 )01.27 6A .1
PI 142777 ... , 11dO.4� 24.a7 290.46 ;2. a
1" 16.lU4 l1"u •• .u ll.U 270.136 34.')1>1 1.!.42.111 1161.44 24.7; 28]. C � 37.3f>1 l.!.Ob.!..1 1154.14 24.�J 284.\)9 '51.91"[ �41)':'11,) 1139. O� lJ.63 26 S. ,.., 32.?P' LJ71l.J 1137.38 24.79 27�. Z 1 )0.1"'I iu4411 1 U4. 21 25.07 2116.64 35.41" 1.H 11·3 112c!.J7 25.95 2t14.1'1 31.3PI In..l1'(,) I11J.21 23.37 2%.lJ 35.4.. I 117'J�d 11;)'1.77 26.f>� 294.22 61.2.PI 1 u4j·/:' Iv<;I.11> .!3.6; 2!''l.B 34.31'1 1.23.2·.(> I,Bo .02 20.24 292.12 32.1.. 1 l"",.:n 1 u'.!<;. :n ':3.60 257.04 29.4151 14JlIJA 1")� 1 ., j 24.119 21C. O�· 30.71'1 1.!.5!>7.! lu7e.ll 25.75 lA7.9fl 42.4"'I l1'i 1� .. lu77.IS 21.Z4 22 tI.Il 55.3'PI Ib4� }\J loJ62.40 21.76 7.3C.. 0; C 44.6tl, lo2�J'� 11.49.lo 24.35 �5�.H "3.2;'1 l:i�iJJ '''' � ..)jb • .I, 2').12 ?6c).1:I'i 6'1. ?"I LJ4/'1l 10.)]1.139 Z6.12 2ori.l0 17.7"'I LL(.�1.4 st z, HI Zb.�O 2t-1.73 17.:'1PI 111-1uiJ ·171.4f> 2').07 231'.'1> 67.31'1 L .. (Jllo.) ,j,{ Y�I.>.'1': 27 .55 ;ntl.63 40.2"PI Inn 7 0;6i.6' . 24.27 242.01 23.4,..1 1 ,,',t> I .. ?5l.54 25.96 23!i.PII 3Z .0PI lJ711'1 ':131.0:5 lS.S9 237 .';7 26.]1" lit.!. If" ·}is.I).l 24.21:1 2.18.l9 32.6PI 16Jl.ll ,"vI,. 17 21).04 232.07 1CJ.21'1 1 ... 401L ilo'.11 25.62 .U"'.H 3b •.,,>1 ll..Joll :..71.1;.4 24.61 l74.b'!- 41.0"" I (>().,).U Uc..1l 26.(11) 1�;.11.! 17 .11'1 l.!l--i Iv bL6.75 .!;.76 IS9.37 lU.Z.pI 12)';4..1 44'1.'+U .'7. q') 12 <;. \'" 17.4

MI:.Ai
L:);) '1"= J .oJ:.> I
':''1

11"8.44
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Lettice *10

Gen,)tYilc Y1elu
!."rote1n l'rotein !loedcontent yield weighte/illot "

g/plot g/200 leeds
1" lo'idb 1509.J9 24.64 36�.44 27.1
.,1 l ..9616 .. T r< 15"".12 23.71 344.02 30.2
t>I .16550" lJ72.b9 24.48 344.51 34.9
1'1 HUll lJ68.uS 24.6J 341.81 311.7
PI 269t}J1 1359.71 2S.10 352.04 211 .3
PI l7l14d lJ51.5!? 25.01 335.71 30.1
,..1 lolHl!) U25.14 l6.0l 344.27 4S.6
,..1 lb'lull<) 1:>14. U6 23.63 304.11 42.4
PI l6i1i)v5 Ull.l'l 25.15 339.t!9 49.2
+'1 lo4dJiI 1.214.l4 26.43 332.05 34.6
'PI .269illl 1262.44 23. H 302. 6 � :n.l
PI l7':144 l.l"5.S0 26.64 121.d9 38.1
,.., lb9tHl 1241.04 23.97 298.11 34.9
PI lb491l 1233.111 23.39 280.'39 43.9
�I .HZl.S2 12l!i.ll) 25.5'i 3l.l.3!-1 23.6
tt'l l"''i·HJ 1':111.18 21.36 329. d' 14.4
1'1 U215.J 119b.Jl 26. lot 120. ,,)1 24.Ii
�, lU,J � 11')5.411 23.45 l77.1J 58.1
tol Ui)'Hb 1190 •.U 24.95 293.31 47.2
1" 1';4-i11 l1ti5 ... 9 25.1l )1) l.v� 59.3
JSl .!1l1H lld4. <'0 l5.91 297.1:) 39.5
1'1 2fl.J�:.. l1tH.;1 23.70 281. b'! MI.)
'>1 .I.o"a..17 UaC:.:l7 .26.61 J13.''> 3!1.1
PI ldl)vb'o <1"- 11i1.i!.4u �tI. <ll 344. '11) 31.1
,." Hl"J ".". 1177'. ';4 2d.l� 37. 7. f..,) 53.3lJunt:� 1173.44 l4.J,l l� 7 .4', 20;.0
1'1 l" j, !j,J,j til> ll·)v.4� ..!d.54 .n!>.�o! 0;2.3
PI l7L5U 114U.51 H.2l :.!b7.J.I. 'i7.2
�, lb!>l.: � 1U';.51 .zit. �4 '7�.4.l 37.1
1" z t .. i.4, lo.Ji)I).J� 21.41 llJ 7. q j 43.f>
PI l1lllto lJ19.vol 26.91 2115.31 27.3
P' .:7U,.,) 1 u5u. "It- 2f,.9� 290.H() 34.11
PI U':'14� 105A.ee 27.1" aas, e" 44.�
PI l<>9"lj 10;)0.'19 •

23.713 252.97 45.2
,>1 lobl4.! lO�5. !'74 24./.<; 249.16 29.&
PI 111.15ol lu';4.46 25.94 273.11 23.0PI l71'U" 1vlb.75 2&. 'l� 279.22 34.3II et io s» .ii<. 1�l3.l)d 213. :i4 289.79 69.6
til l11j.J7 1ull.J5 l3 .06 ")6.�1 42.5
PI 1,,:;:;71 1">21. �4 24.8� 241.v,; 32.3
�I l1.i.HJ '" It,. d', 21.1l zse •• ;<; 24.1,>1 l71114 9�b.55 23.89 239.7J 39.'1
PI Ib:;JJ1 913�.7l 24. l3 240.11 31.2
PI lldJ1J 9·"'0.22 26.4b 260.14 18.9
PI ll.9<11/, 'io9. ,JI) 26. so 25 J.1 7 21.1
PI .!() 1d 1 � ,'" 'I� 1. ;''1 lb. '11 260.�t; 37 .3
1'1 �1�1!>" 9}9.2-.1 2'5.'11 23 fl. 0.7 21.9
iii .:./IJ.)", ct.) 7.� ... z e , ') 7 26 fl.'�4 11.11
1'" lnJJ .. ,,:, ti .,! 1 27.�J 257.7-' 20.,PI l7L111 lit! �. 79 28.11 251.Q-; 21.0
�1 ..: ..ddll IIi':." 7 26. 'i 1 222.44 20.6
... 1 l/11)J/ Ntl •.H 26.90 7.12.7'l 19.4
", 1":l � ,.)') 7H.17 21>.4/, 210 •.H 23.8
"1 .:711d Itll. 1 J 21. Ill) 21j.rl1 15.2
"l lHUI 7..11.1.14 2">.t;/t 11l!).7!) 15.1
»1 .:72. .... 1 70 .... 11) 24.15 171 • ..:!' III.!!1'1 �::>Jd� .... 671.0<: )0.05 ZOJ.J,) 35 .2
0>1 lo-1:ll.J ,• .t bt> ..... b 2!1.'H 191.1'4 45.5
PI .!b1<ll! 649. Ju 27. AJ 178.51 21.1tl .: n ss s 5� 3. 11 7.11.72 1';0. nc 32.4", 1"0..1,1 S51.'i7 27.l0 1411 •• 1. 1901
1'1 1(>,'14 ) !lit". 14 21.4:.1 15'\.17 16."11'1 LO')J l1 ,." �lj'1. -.14 zti.5I> 16".14 4"'.�
.. , 1,wJ.:l , Jhv."IJ 27 .95 90.7" 11t.5

,'1l .. 'j
I.. .) ,0> .. J. oJ'"
I.V

11)"1).11
.:.13. 'e
I J. 1 C1

lh.ll
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L.:1ttiCQ 1111

GCllo)tyt>e 'iield �'rotein �'rotein ::eed
content yield \.einhtg/;>ll.)t '4 r,lplot �/200 ned.

PI 272218 168.64 2S.·7C 198.18 22.4PI 212112 149.05 27.10 2C2.SS 34.6PI 2721(11 733.12 23.90 176.63 36.0PI 272202 721.23 24.85 179.62 30.2PI 272200 7U.75 24.65 .. 117.49 )9.8PI 272166 717.4Q, 24.8') 179.19 '31.9TRAPPER 711 • .54 23.11) 163.30 25.3PI 21220d 710.87 24.85 174.81 34.8PI 272191 110.31 23.65 169.26 35.4
PI 212186 707.72 23.95 170.34 31.1PI 2721110 706.1i19 26.05 182.39 '8.8PI 273675 703.94 25.35 171."4 30.4PI 272190 694.70 24.45 171;.90 29.1PI 272207 680.02 26.35 lH.U 2t.4PI 272201 675.02 26.20 178.41 '30.3rl 272211 Sf A 674.57 24.50 164.92 60.6PI 272184 6(08.03 25.25 168.13 17.1tPI 2721bS 6.52.29 25.01) 16'3.33 33.7PI 272169 651.07 2&.10 169.65 "19.6PI 272102 '&37.67 1't.6,) 157.38 38.9PI 212119 632.15 26.3') 166.59 23.0PI 272175 sz 5. 27 25.65 157.95 29.3PI 27360.5 62.5.15 23.45 150.18 53.1PI 213674 6!3.42 25.15 IS8.72 18.1tPI 272167 623.20 24.1') I�O.06 53.8PI Zll159 611.73 25.85 164.06 39.9PI 272215 616.20 25.80 162.02 22.3PI 212158 615.94 21t.95 153.19 5C.5PI 2721H 613.19 26.05 158.95 21.8PI 212111 607.63 21t.60 148.83 39.1PI 272203 601. 17 23.ltO 141.22 32.6PI 272163 6(12.16 26.00 156.20 7,·6.6PI 272164 (1)0.15 25.75 153.22 49.6PI 212-1('0 59,.17 2".95 15"1.53 4(\.9PI 272199 589.48 24.90 l1t5.51 32."PI 212118 586.12 24.75 145.07 311.1PI 212206 585.99 28.35 161.92 18.1PI 272195 578.&7 26.75 154.12 31.6PI 272194 H).OO 21.65 156.33

- 38.8PI 212187 571.89 24.0') 138.9a 56.0PI 112212 STR 5C.4.06 2".01) 143.65 41'1.2PI U21lH 561.82 25.50 144.18. 34.2PI 272193 561.38 28.0� 155.10 31t.2 -PI 27220; 558.&8 26.45 147.24 37.5PI 272204 557'-41 2&.20 146.96 27.bPI 212113 5:1 ... 42 26.60 1"5.8'3 32.0PI 212170 ;S1.88 26.8·) 15Q.H 33.9PI 171198 STP 5H.3� 24.90 131.65 23.6PI 272155 534.00 26.9'; 143.34 20.3PI Z1221b SH.l6 27.45 145.7& 19.3PI 272214 521.26 25.90 1)5.56 61.5PI 212117 517.01 26.10 1)4.79 39.'3PI 212217 5(17.13 26.2') 134.28 2'i.6PI 212189 506.93 27.80 141.99 23.9PI 212110 504.09 ZIt.AS 124.76 :51.4PI 21 Zl "" 491.17 27. t:'5 129.58 41'1.�PI 212156 4118.52 21.AO 135.80 19.1PI 21220� 4U8. :'4 24.75 120.11 45.6PI 212213 463.96 7.6.0<; 123.':'4 6? .9PI l7210, Itltl.C.5 16.05 111.21 30.7PI 272191 43<!.90 7.4.00 105.63 26.9PI 27.!l9b "('7.16 26.05 10&.04 17.4PI Zll1t15 400.83 27.20 1.)7.41 19.1PI 212182 3&5.4? 26.4') 95.69 55.3

Io1EA'-'
LSD (p ..O.O;'
CV

59S.e»9
l1t0.47
11.73

25.64
1.19

1';2.15
37.H

34.3
1.7
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Ll;.ttice #12

Genotype 'lield l'rQte1.n l'rotein Seed
content yield weightr./plot 1- a/plot g/200 seeds

PI 280244 920.50 25.50 234.86 37.6
PI 280248 a60.00 25.80 222.0S 29.0
PI 280l] , 659.00 26.21) 225.26 '37.5
PI 213676 846.50 26.35 223.07 30.4
PI 280(>19 81tl.50 28.30 238.52 41.4
PI 280249 835.00 25.85 215.80 43.0
PI 273079 824.'0 24.55 203.03 36.9
PI 2802�4 . 822.50 24.81) 204.98 31.5
PI 213660 799.00 25.10 200.10 35.2
PI 275b39 797.00 25.(1) 20b.82 33.3
PI 2aOZ'" 196.CO 24.50 194.99 �4.3
PI 214584 769.00 25.41) 201. So 34.0
PI 280250 784.00 26.10 21l4.65 33.3
PI 280240 771.50 26.40 203.30 32.8
PI 280241 764.50 26.10 201).23 35.4
PI 280620 l!lo8.50 25.10 190.64 38.3
PI 280243 10;0.00 25.10 192.d9 35.9
PI 215b38 749.50 25.20 189.58 30.4
PI 2dO;.05 148.50 28.45 212.16 16.1'1
PI 280253 147.50 24.45 182.97 .

31).2
PI 180�18 WR 746.00 28.50 .212.38 38.9
PI 219�2' 11111. 138.00 27.35 2Cl.')1) 34.8
PI 280246 135.50 25.05 184.67 33.0
PI 1�0(J16 134.50 21.25 199.8<> 33.6
PI 213671 726.00 24.45 177.'8 31.3
PI 2 80b 17 120.00 26.95 194.26 Itl.2
PI 280252 720.01'1 26.70 l'H.CIl 1l.3
PI 21!Jb40 718.00 25.30 181.84 36.0
PI Z 75�20 109.50 25.95 184.05 31.9PI ZaOZ34 699.50 25.90 181.13 31.6
PI 280251 ("98.00 27.60 192.79 32.1
PI 211d51 &>94.00 24.20 168.01 28.8
PI 280245 692.00 26.80 185.31 35.1PI 280[011 �R 692.00 29.60 21)5.34 39.�PI 2193Zl WR 690.(11) 29.30 202.010 37.6T�APPE=I. 689.�0 Zl.�5 164.06 26.4PI 280b14 HR (.)88.50 27.00 185.09 42.8PI 260003 687.50 25.85 171.76 31.2PI �80242 680.50 25.40 174.74 34.0
PI 271052 664.50 25.05 171.34 32.6PI 260008 077.50 25.75 174.36 21.1PI 279827 617.00 210.10 16'3.51 49.2PI 2ii0604 613.50 21.95 188.35 ·13.3PI 280"21 669. so 7.6.':)1) 114.40 31.5PI Z73u18 666.50 25.35 168.711 H.5PI 160130 b60.00 25.35 168.6'. 31.8PI 200lH 663.!>0 26.40 1 H.lla 31.2PI 2806J6 658.50 26.51) 174.11 21.6PI 113<>61 646.50 25.10 161.85 33.5
PI 279d2b 643.00 26.25 169.':'4 38.5
PI 260(>12 �R 639.00 26.85 111.12 38.8
PI 280')16 '.11.50 26.65 167.2,) 91.9·PI 280b07 tt23.n.0 25.25 156.79 24.�
fit 275d26 605.50 25.3') 151.tl 31.0
PI 219624 tip. 5.67.00 26.20 153.50 32.7PI 260615 tlR :"86.50 28.25 165.<>0 35.5PI 260139 !loB5.00 24.45 142.95 36.3PI 2d023S 511S.00 25.70 .150.3'. 31.3PI 2dO!)09 559.00 l6.80 150.30 1"1.4PI 275 Jl2 WR. 1t9'J.'i0 26.61) 132.(,2 36.'3PI 27)lIll 496 .. 00 28.21) 140.07 82.4PI 2"dOd 4'il.no HoJO L 13. 94 n.9PI ,zU0610 432.!lO 78.50 123.0;9 29.6PI 21!1tllS wp. 427.00 26. ]Ii 113.48 18.1

MEA'i
LSI) IP"'0.051
CV

696.8b
L60. !IC1
11.46

26.17
2.10

182.11
46.26



-
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Lc.ttLee 113

Genotype Yield I.'rotein l'rotein Seed
content yield wei�htg/plot 'I. g/plot 8/200 .eede

PI 285146 846.47 24.65 209.19 35.4PI 299024 83b.94 26.80 224.01 32.7PI 21S5118 716.17 26.95 209.69 33.5PI 2881)21 770.8� 24.95 192.21 32.4PI 285740 WR 767.86 29.20 223.45 33.2PI 314796 731.94 21.35 202.14 1t6.4PI 285144 WR 736.C3 28.15 212.14 40.0PI 288031 730.02 25.10 181t.64 31t.8PI 288025 729.12 24.15 l11t.94 Itl.6T�APPER 721.26 25.65 18&.89 25.0PI 281S030 72b. li5 25.00 18t.13 36.2PI Za8028. 12b.11 26.70 193.8b 35.4PI 2 d062b WR no. 57 29.55 210.52 39.8PI 285724 riR 115.35 28.50 204.55 40.4PI 21S5121 713.13 24.95 118.19 36.3PI 21S51Z1 W� 706.1)1 28.55 201.53 36.4PI 285111 082.1t5 21.1t5 186.82 37.'5PI 2880ll 679.32 26.15 116.90 38.4PI 285130 WR 610.18 2' .00 119.35 38.8PI aas 1.18 WR 665.18 29.15 194.1)0 31.4PI 286601 664.74 24.!:i5 162.63 40.3fit 285725 653.16 29.25 189.11t 31.6PI 2931t20 64'1.68 28.(00 183.10 21.7PI 288026 6"!i.91 24 ..05 169.'7 56.1
.

PI 28062!i 61t5.(>2 21.10 174.41t 32.2PI 28S'22 WR 643.11 28.20 181.97 39.8PI 2118023 631:1.71 26.6" 169.(01 36.4PI 28S 114 WR 636.26 29.25 186.39 38.4PI 285119 STR 634.11 z'8.t)C 178.10 28.3PI 299023 631.59 26.95 170.37 22.6PI 2851.10 623.52 27.7C 172.28 43.9PI 280023 STR 621.01 25.95 IbO.23 1<;1.1PI 304533 619.�6 21 � 21) 167.91 23.1PI Zd!ITlj 618.1Z 26.(1) 164.25 54.7PI 285731 WP. 614.91 29.05 1111.1CJ :n.4PI 2851.)d 614.�8 21.55 17.1.13 36.3PI ZII06Zl iIIR 613.71 28.2" 172.91 43.5PI 285729 612.98 26.20 I 16.,.69 1t0.4PI 30659Z 611.88 25.35 IS3.1CJ ·38.2PI 285112 6(' 7.82 ?6.05 156.66 213.4PI 2115745 wR (.03.53 28.05 169.34 38.9PI 28573d WA S99.71 28.45 17'].92 36.0PI Z88021 !l89.H 27.10 158.70 34.2PI ZII5743 wP %5.6t 29.75 169.20 52.4PI .!1I�H12 WP. 561. jZ 29.55 168.39 35.7.. t 285742 Wit 559.86 29.55
. 165.88 55.1PI 21151H W� 558.97 29.21) 164.22 47.8PI 265136 WR' 5'> 1.0" 26.95 150.32 1\9.2PI za51.B WR �� 4.62 29.1'1 164.43 36.8PI lO6�9J )'.9.17 21.75 15t.'J,) 19.7PI 265123 riP �4b. 58 27.50 14A.al) 38.2PI 285701 542.70 2'i.75 140.24 29.8PI 20�14L riR 527.16 27.15 14b.12 37 .oPI 2d!>131 wR 519.06 28.20 14R.20 45.9PI 21151 L 4 ')1 8.61 21.9S L4 5.41 33 .1PI ZtJ57Ll 5(,'J.13 2'.4'1 138.r. .. 37.5PI la5726 5('0.42 l6.2t) 130.12 40.LPI Za�149 4tll.29 2S.45 123.12 ]0;.'5PI 2118024 474.17 16.80 127.IQ 35.4tt 2U�tj9 �� llU.l9 1(\ 0;1'1 141.B1 31>.2Z ba� 16 W� 4 t 1. 56 ?t1.ltt; i.H.2; 20.5�l Z910tlZ 3<) 5.11 ?4.IIS 91'1.31 31\.5N. �.C. 3bS .... 4 29.LO 11'7.117 16.)PI 205430 233.35 29.20; 68.69 11.7

ME AN
LSD (P=O.OSI
CV

617.61
199.( 1
16.04

27.37
2.05

-
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L.�ttice iJ14

Genol:ype 't1e1d Protein Protein Seedconc:ent yield welr,hts/p10t 'I. g/p10t S/200 aeed.
PI 312200 928.17 21t.;35 225.64 36.6
PI 331H2 912.81t 24.65 226.13 36.1
TRAPPER 903.92 210.(15 217.90 24.4
PI 319375 896.29 22.15 203.11 36.8
PI 3110193 li92.39 26.70 241.78 108.8
PI 3103206 817 .98 25.100 221.90 1t0.9
PI 319313 869.71 23.95 205.60 44.6
PI 312199 8109.810 23.20 193.11) 33.6
PI 314cl02 8IoS.lit. 24.10 207.34 26.5
PI 301666 S2 7.32 26.10 219.38 39.6
PI 343264 (119.21 25.95 209.1t5 ,.1i.S
PI 3't3271 817.53 25.45 209.99 1t0.3
PI 343261 816.21 26.75 219.45 21.,.
PI .331413 sc 1. 76 25.1\5 202.67 38.4
PI 343205 190.30 23.20 111.97 32.5
PI :u,.dOO 1d4.07 26.15 209.�� 32.1
PI )16586 Ul.22 2,..00 lRB.OS 36.?
PI 312136 775.94 23.7:> 182.45 70.8
PI l-l61 .. 6 1n.56 21..71) 189.01 35.3
PI 3110801 76'i.ll 26.15 200.33 31.0
PI 3110194 STR 1h8.01t 21t.80 191.56 32.5
PI lit az 62 WR 165.ltl 26.45 2(12.74 37 .8
PI 3lt3212 157.38 26.25 200.68 31.6
PI 3H696 �R 752.40 1l.5S 178.86 47."
PI 314199 152.16 24.95 187.30 !)0.3
PI 320973 710 8. 99 23.10 175.14 37.5
PI 3100126 7107.51 25.55 19(1.41 24.4
PI H0130 7H.05 24.05 179.27 28.4
PI 343210 133.13 24."0 179.40 30."
PI 324697 130.22 26.25 194.34 33.3
PI 343269 726.76 25.55 186.37 35.6
PI )2470'2 125.08 21.15 202.52 25.3
PI H1112 722.65 23.05 16<;.65 51t.9
PI 320194 720.97 24.75 17d.29 '31.1
PI 343250 WA 119.2,. "8.15 203.6,. 37 .3
PI 343260 WR 111.111 28.30 ?C5.('1) 37.1

• PI 306!)91 srR. 112.22 26.3') 185.61 28.1
PI 324b99 STR 704.33 25.95 182.33 2".8
PI 3ItJ252 r4R 698.88 26.�5 185.4" 44.4
PI HOll4 6'i8.16 25.50 115.6) 28.1
PI 324106 f.?2.H 27.60 191).88 18.8PI 32"'03 bA9.89 16.80 18b.2t; 25.0PI HO'H2 6119.(>9 25.1() 113.61 43.1
PI )4327) 6d'I.1" 24015 111'h50 34.1
PI 32,.b94 664.92 2Q.4'l 21'!O.l)b 21.6'
PI 343268 ('83.85 26.110 185.05 33.1PI 31t3l55 .. " be,).51 27.95 lt19.82 39.2
PI 343201 WR. &79.30 28.00 190.0'l 19.1PI 32410" 611.67 2".15 177.46 34.1PI 3It3259 WR. 673.98 28.15 190.5� 37.9PI J")2�J ftR 668.61 28.7C 189.51 41.3PI 3It325b 653.40 28.ft') lS2.6S 36.0PI Jlt3274 b48.46 26.50 168.49 30.0PI H1414 617.10 27.11) 165.25 27.0PI 343l,1 WR' :;98.45 27.70 166.45 "2.0PI 32"695 594.12 25.115 154.69 51.9PI 343263 593.37 26.15 153.1(1 22.6PI lit 32 58 wR SH.6! 27.00 156.10 43.3PI 343254 WR '07.07 28.61) 162.72 "1.5PI 3101dl.l9 ,..p, 56(".3" 2A. oo 155.56 32."3PI 324701 555. !>9 21.35 154.86 21).6PI J2"6�d 'iH.ll 27.1) 1"3.5" 31.6PI 3141103 529.47 26.5') 14ft.01 31.7PI 3It3257 463.26 25.')5 119.50 14.9

MEA.N
LSO (PaO.OSI
ell

72't.59
1b4.42
1l.2�

-
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L(lttlCQ 115

Genotype Yield L'rotein Protein Seedcontent yield weightg/plot x g/plot �/200 aeeds

T�APPER d88.00 25.45 227. :n 24.3PI 343H'# ,,37.00 24.90 208.2& 52.7PI J43287 1130.�O 23.35 194.15 30.8PI 343196 829.50 25.45 21l.r1 25.2PI 343cl24 822.00 2&.45 211.42 34.4PI 343313 1113.00 24.35 191.99 35.7PI H3324 813. C-O 21.25 188,.98 50.6PI 343966 801.50 2'3.15 191.09 4".0PI 343281 164.50 23.30 177.1'>3 52.9PI 343330 161.00 24.10 188.,,)6 54.6PI l433llt 742.50 24.95 185."4 1t6.5
PI H3l91 728.50 25.1t0 185.7.0 21.1t
PI 3It32t19 WR 725.50 27.55 199.78 36.0
PI' 343298 113.00 27.25 193-"'1 31t.1J
PI 343191 710.00 23.95 170.41 37.0PI 3It39)b' 107.50 25.45 178.911 31.0
PI 3It3Jl2 101.00 24.55 .113.69 36.9
P( 31t32115 103.0C 25.70 180.97 28.Q
PI 343280 700.00 23.70 165.22 40.7PI 343219 STI! beH.50 26.00 179.05 47.4
PI 3439&1 611.00 24.7fJ 167.01 52.0
PI )lt3959 671t.00 25.20 169.46 45.5
PI 343HO &7l.50 25.35 170.30 34.2
PI 3lt313 7 6Cf3.00 24.05 159.3& 51.5PI 343295 661.00 24.70 1&3.27 33.1')PI l't3935 (,57.50 25.8') 169.63 32.&
PI 343315 655.00 23.20 151.98 51.2PI 343322 052,.00 26.70 114.27 61.7PI llt3325 649.00 23.50 l'H.'H 44.7PI 343301 b40.00 24.91) 159.19 45.5PI 343323 639.00 24.41) 156.29 5e.4PI 343304 wP 638.5') 25.4'5 162.96 .tr4.SPI 343299 1>36.50 73.7") 151.H 41.2PI 343J21 WP &36.00 25.0, 159.71 78.9PI 343335 WR' b33.50 25.70 161.81 7Q.5PI 343'1&0 033.50 ?6.80 1&9.81 3�.1PI 343329 626.00 25.65 160.12 84.7PI 343334 WR 015.00 2').50 156.48 79.1PI 343317 613.00 27.55 169.14 &".6PI 343311 bI3.(\0 25.15 154.18 16.5PI 343327 608.00 n.65 143.71 50.9PI 343290 �90.00 25.85 15:?56 49.9PI 343336 WR 582.50 28.15 164."1 114.�PI 343Jl & Wp. 581.t'0 2').45 148.<:e 82.8PI l't32'JZ ') 71. SO 2&.10 149.�O 22.5PI 343Hl �(>1I.00 26.10 149.nl 63.8PI 34Hb5 'jt. 1. ('0 24.55 1 JS .'n 32.5PI lIt3l11 5;c..�t' 25.15 14('.11 ?1.�PI )4330& 0;;4.1'0 24.61) 117.'( 21t.3

PI )loll'll �49. �O 25.15 Ill!. It ,.7.(\PI Jlt3J28 543.00 26.45 144.29 59.6
PI 34330d �39.00 25.91) 139.09 5(1.7.PI 34lJJd 531.00 2').25 134.84 1t9.2PI Jlt3300 531.�0 27.01) 143.59 17.4PI 343302 510.01) 2&.1t0 133.81 21'.4PI 343262 509.('0 26.10 132.8') 48.5PI 343294 4�7.50 25.20 114.91 50.)PI 34395tJ 455.00 27.95 .127.11 )C.4PI 34U1l4 44b.00 27.8n 123.99 19.3PI 343303 4lb. �O 27.40 116.79 18.2PI 343286 426.00 26.15 IB.96 15.9PI 143118 401t.�0 U•• 65 107.11? 15.2PI H32113 3& 1. !l0 21.21) 99.'H 18.2PI 34HH Wi!. lb1.M 27.2'5 99.111 99.1

MEAN
LSD IP.O.O:H
C'I

631.�6
15 It. 42
12.49

IbO.14
1t4.1)

-
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J.,Attice {,Il6

Genotype 'i1eld l'rotein i?rotel.n Seed
content yield weightg/p1ot � a/plot 8/200 .eeds

PI 343969 919.24 26.07 239.67 �2.0TI\APPfR 866.97 26.07 225.48 23.6PI 347278 az 1."4 24.26 201).71 37.8PI Jlt39b 1 821.'16 25.30 207.86 �1"3PI 347311 821.13 25.!:I5 210.25 34 •. 1PI 341294 812.90 25.10 205.32 30.7PI 3't 7311t S08.46 '

21t."9 201.6cJ 33.3PI )4728" 790.40 24.13 193.19 36.2PI 3'tllOO 175.73 25.88 203.13 31.2PI 3't 72 80 767.94 25.25 196.75 1t1.8PI 3"'219 751.11 25.23 1(1).66 67.6PI 3lt72tJ8 748.82 24.08 180.79 39.9PI 14HO) H7.58 25.41 188.31 3't .9PI 347306 146.78 25.1" 186.98 33.1PI 341296 745.21 25.50 191.95 �9.7PI 3It7293 7"4.19 25.35 189.88 33.4PI 34H1)1 H3.34 25.66 192.26 58.5PI 347320 STR 740.45 25.30 185.00 57.1:1 347290 739.19 25.rll 187.96 33.734131t 735.55 23.35 171.51 55.6PI 341329 735.19 25.97 191.94 35.3PI 3413111 731.96 27.45 2(12.96 27.3PI 341330 725.42 23.95 173.52 55.6PI 341211 120.61 25.36 182.8'3 38.1PI 341325 717.99 26.02 188.72 33.6PI 347315 717.69 23.66 170.46 54.8PI 3472i15 112.78 25.24 179.11'1 56.8·PI 3't7J1o 112.18 25.88 187.57 44.3PI 347213 710.12 25.08 174.QZ 38.1PI 347215 699."9 26.64 188.01) 51.8PI 347326 699.16 24.53 170.47 5'6.5PI 347Z95 b91.42 24.18 167.5" 45.1PI 34t7122 697.40 25.3S 177.15 38.4PI 347214 697.12 24.19 173.54 .34.3PI lit 132 S 682.6b 26.76 182.32 2f .2PI )It 7l az 679.111 24.90 166.01 41.8PI 3't7201 oU.lt1 21t.19 163.56 45.6PI 347.192 675.95 Zit.C3 161.18 "5.2PI HUH (173.93 25.68 171a.05 51.lPI l47Jll srR' 673.�?' Z4.19 165.08 54.6PI lH3B c.1t1.ltlS 25.03 tH.U 51.6PI 347297 &69.3f1 25.30 169.50 38.6PI 31t1302 669.20 21t.U 161.91t 55.8PI 347.283 666.57 25.28 169.76 )9.9PI 347298 661.98 25.26 167.46 42.0PI ]'47271 wR b61.14 28.25 165.21 49.1PI 34129� 651.'.2 26. ')2 170.47 34.0PI 341309 651.ij5 24039 159.05 52.3PI 34 7305 633.82 24.56 152.25 55.1PI 347304 6.29.92 25.65 160.9Q 51.7PI 341Hl 626 • .,7 24.41) 150.33 54.3PI 34730cJ (, 17.14 24.11 15Z.99 56.8PI 3412 u9 617.12 25.17 151.78 42.4PI 341l.16 615.14 2>;;.BO 159.20 35.3PI 341H9 6C 1. 69 27.64 166.80 31.6PI 347110 603.89 24.98 148.39 56.1PI 3471H 603.22 74.31 147.44 51t.5PI HIt'8U flU 1. Aq 2(1.0 1�5 Bt! 29.1�l hl?·jl !HIIJ.t.i1 Zil.l1j 1,.4.07 Ittl.Oj4 .ill t STR 582.19 23.83 135.77 52.RPI 34 H2 7 575.'J2 74.57 139."2 55.3PI 3412dl �10. 72 7.5.41 1 .. 5.18 5'5.nPI 341HZ 5b 3 .19 25.56 I1t6.19 45.9PI 343908 420.1 R 21.02 113.85 41.4

MEA'4
LSD IP�O.O':i1
CV

6�4.�1t
15l.30
10.91

175.14
40.51

-
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Lattice Q17

iknoty?c 'iielo.l :i.'roteln L'roleln 3eedcontent yield weightg/plot 7- r./plot 8/200 seed.

PI l't7377 ST� 733.26 27.55 202.04 4(1 .6PI 347360 125.25 27.45 199.71 45.7PI 341390 709.18 25.25 178.97 34.8PI 341355 693.1t6 28.62 199.75 41.1T�APpeR 691.30 25.65 176.41t 23.5P! 341314 690.35 27.69 190.55 34.2PI 3It1394 689.27 25.35 173.34 31.6PI 347365 b89.14 25.84 176.62 46.5PI 341339 688.81 27.61t 190.37 40.4P! 34735L bln.03 27.61t 186.61 40.itPI 341398 682.29 H.6!') 167.92 39.9PI ]it 7)99 680.",7 25.18 169.26 34.3PI 147142 61!>.25 7.8.74 193.28 34.8.PI ..347358 6b'ol.90 27.89 185.7ft 47.5PI 347H3 6e. 7 .16 28.16 1'13.06 35.8PI i47369 6b 1.0 1 28.41 190.24 35.0PI 3",7H6 664.89 26.85 177.11 41.9PI 341361 660.15 21.21 181.79 45.2PI 341349 659.14 28.48 18&.35 26.5P! 347382 651.33 7.6.00 172.1" 43.5PI 341H8 654.98 26.77 176.18 44.6
•

PI J47350 652.60 26.95 114.87 33.7PI 34H9b 6�9.93 24.94 162.35 44.0P! 3413dl 6104.82 25. l't 161.30 38.9PI )473t.7 638.90 28.25 18(1.49 58.9PI l'tlJ15 638.41 27.09 173.01 37 .1PI )47332 611$061 28.01 174.03 46.7PI 341Hl STR 611.05 26.66 165.41 33.9PI .347311 616.66 2tt.66 111.02 40.1P! 347393 Cl05.51 25.41t 15.3.37 54.4PI 347135 003.58 29.54 111.89 5.1.9PI 3473)3 60C.8d 7.9.20 175.80 35.1PI 341363 594.65 30.15 178.511 30.0PI JIt 1391 592.0Cl 25.06 Ito 7.?7 57.3PI 341354 585.31 27.85 16<'.13 41.6PI 3413�9 583.81 21.96 165.24 43.3PI 3413) 1 580.60 27.'19 161).90 to1.1PI llt1Hl 576.18 29.22 111.01 32.5PI 341H" 513.01 27.61 159.60 36.ftPI l4Hai 565.96 28.05 158.69 45.6PI 347338 56"3.82 29.45 165.68 53.9PI l4B'i2 559.49 21.66 156.51 27.4PI 341351 555.05 26.05 147.80 40.3PI 341313 5!>1.16 26.41t 144.26 40.5PI 341319 551.43 28.05 154.51 32.4PI 341168 551.19 78.25 155.26 28.2PI 341310 550.59 2'1.36 161.63 34.8PI 341352 '.;40.15 29.('5 156.88 33.toPI H13as 537.64 78.30 152.30 44.3PI 3413dO 5i6.81 l8.06 1411.56 37.3PI 3413.1') 526.20 26.10 141.15 24.1PI 34 13M 520.52 29.39 152.411 38.2PI 34,..·" 515.11 2"'.35 .

124.34 46.1PI 341lbi> )\4.11 28.26 145.94 34.0P! 34'J3I. 500.33 29.51 14q.16 52.6PI J'.lB6 4qt..91 28.14 147..1'3 48.8PI H7l44 '.83.70 7(1.01 lit!. 34 25.9PI J41H6 472.71 30.14 141.45 46.5PI 341343 STP 410.12 30.85 144.69 25.5PI 34134, 106'1.91 211.34 132.I,q 58.2PI J41 j')!' 468. )4 7.5.09 11 r,. 45 5(1.6PI J4134b 467.48 ZC).14 135.32 56.6PI J4135J J6'•• 'It! 28.1:) 103.07 39.2PI J4 7 J't 1 358.53 2'1.45 I" 5.38 61.6

ME Arl
lSO CP=O.05.
CIJ

593.64
1311.32

.

11.59

161.49
36. II

40.5
�.o
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