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ABSTRACT

GENOTYPIC AND ENVIRONMENTAL VARTABILITY IN PROTEIN CONTENT OF
FIELD PEAS ' ' '

The contributions of genotype,'location, and year to
fariability_in yield-and protein content of field'ﬁeés wére estim;
ated from a study éf'a'_s genotypes grown at three loc;tions in ome year
and -22 genotypes grown at one location'for three years.. Prétein
content waé lesg va;iabie than yield withinland among lécations'and

years. - Protein content varied substantially with locations but

‘ only slightly with years.

The ielationship of protein content‘to sever;l other‘plant
traits'was assessed. Protein coﬁtent wasrnot correiated with height,
harvest index,.seed weight, or daﬁs to flower. However, it wés |
conéisteﬁf;y ﬁegatively correlated with yield over locations, years
and alﬁiAe range of genotypes. Coefficients of determinétibﬁ éhowed
that bétwéen 6 and 66% of the observe& variatién'in protein-éontent‘.

over three experiments was associated with variation in yield. The

negative relationship diminished among ?2 popalations, indicating

that Eorrelations between traits among heterogeneous populations

nay bé_misléading. Physiological explanations for the negative

yield—?fctein.content correlation were offered, |
-Eield and protein yield were very highly correlated,

whereas protein content and protein yield were unralated. This

- indicates that improved protein productivity would come only from .
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increased yield.

Methionine content of field peas expressed as mg met/g
neal and as mg met/g protein was low and the range was very narrow,

" indicating insuffidient‘sc0ps for improvement by bréeding among the
genotypes tested. Protein content'was positively correlated with
ﬁg met/é.meél but not correlated with mg.met/g protein,

ﬁréad—sense and narrow;sense heritability estim&tes for
- protein content were low to moderate, and additive inheritancelwas
indicated.-_Hg:met/g protein was pot herdtable, indica@ing fhe need
for an altern&tive approach to protein quaiity iﬁprovement.

Reported differencas between smootﬁ-seeded and wrinkle=
seeded genotypes were verified and a new one'added. The gene for
wrinkling‘caused a seed=weight reduction in wrinkle-seeded conmpared
with smooth~seeded progeny of crosses between parents of different
sead shapé, regardleSS of paréntal seed weight. The range in protein
'content among 10?1 genotjpes from the U.S.D.A, World Pea Collection
WAS Very narrow (22 6 to 30. 9”), compared with the W1de range in yleld

and very vide range in seed welsht of the same genotypes.
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1, INTRODUCTION

Pisum sativum L. 13 a temperate-gone legume with edible seeds fich in
protein., As such, it has the potential to provide much=needed Prow=
tein for both humans and livestock in an incredsingly protein-scarce
world. The possible global lack of dietary protein hasm stimulated
conglderable research interest in tﬁe legumes whose seeds are
consumed in the dry form (pulses). For peas, and pulses in general,
to realize their potential in proteln productivity, research emphasis
must be placed on improving the dry matter and protein yield of
these crops, along with lmprovement in the quality, digestibility,
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, YGenetic Improvement of Nutrient
Composition and DigestibilityY, the Statement noted that the range
of variability for nutritional components should be determined in
each of the recommended species, and improvement made within crops
where sufficient protein variability has been established, but only
after it has been established that genetic changes;

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

(2) will not adversely affect other n&tritionally beneficial

components, and

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

Among the legume crops, only soybeans (Glycine max (L.) Marrill)
have undergone intemsive breeding for yield and protein improvement

and the results, on the whole, have been disappointing. TYlield



increages have not kept pace with advances made in cersals, and
protein content has been improved only marginally, usually at the
expense of other seed components (Caldwell et al.,1973)s 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 o¢f 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 utllization at the
Oniversity of Saskatchewan, Saskatoon.

The objectives of this study were four=fold;

(1) To detormine 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 paraw
neters,

(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 U.S.D.A.

World Pea Collectiion,.



2¢ LITERATURE REVIEW

Protein content of field pea seed 15 determined by genow
type, various factors of the environment, and genotype x epviron-
ment interactions, It 1s 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 wvalue for protein content
and protein qualily may be predicted,

2.1 Effect of genotype on protein content

Apart froq expected phenotyplc variation, genotypic factors
which influence protein content.include maternal influence, seed siZe
and shape, and maturity.

2.1.1 Phenotymic effects

Various researchers_have detected significant variation
in protein content within pea cultivars and often atiributed this to
genotypic rather than phenotypic effects,

Kurnik pt al.(1972) found variabllity within pea cultivars
to the extent that they considered the cultivar as belng hetéro-
zygous for protein content and quality, and suggested that selection
within a cultivar could increase protein content by 2 to Z without
- cianging important characteristics of the cultivar. Berdyshev (1966)
determined the protein content of 186 plants of the cultivar Tors&ag
and reported a range of 18.1 to 28,0%, but most of the plants con=
tained 22 to 24% protein. To ascertain whether the differences

were genetically based, Berdyshev grew progeny from plants of known



protein content from the extremes of the Torsdag range, fhere was
no direct correlation between protein content of parental plants

and their offspring. The lack of relationship was ascribed to

"the fact that plants undergo both genetic and nonegenetic changes",
Nevertheless, choosing high protein plants from high protein parents‘
enabled Berdyshév {1966) to "reinforce this characteristic and
produce stable forms rich in protein,m In further plant breeding
work, only plants which had been selected for high protein content
were used in crosses, Furedi (1970) selested 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 of the
wrinklemseeded culiivar Kelvegon was approximately 25.5 to 31,04 in 1964
and 24,0 to 2645% 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 overw
estimation of Yphenotypically positive formsg."

Alj=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, énd thugs consgidered hoth .
genetic ané nonwgenetic differences responsible for the observed

range, Differences within plants, from three different sampling



positions, were significant, but not large, 1.6.y 24.)%s 23.9% and
2347 for mean protein content of peas from low, medium, and high
node positions, Wolffe and Hemblin (1974) reported similar findings
in Phaseolus vulgaris L.‘ The?e were no differences among bean sceds
within a pod, but significant differences among pods at a node, among
nodes within a plant of an indeierminate cultivar where protein
content decreased with ascending node position, and among plants
within genotype ﬁut only for two of four genotypes tested, These
authors expressed surprise that individual plants within a known
homozygous cultivar would differ significantly in proteln 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 eulture, Differencss in protein content
of peas produced orn different nodes were algo significant, In general
there was a decrease in protein content with ascending node number,
2.1.2 Maternal jinfluence

Maternal influence on protein content may be illustrated
by the presence of a relatively constant protein content in all
seads borne on & given maternal plant regardless of their genotype.

Materpal influence on protein content has been reported

in soybeans, Glycine max L. (Singh and Hadley, 1972), Phaseolus

vulgaris L. (Leleji et ale. 1972), Vicia faba L. (Selim et al. 1974),
and peas by Berdyshev (1966), Shia (1976) did not find significant
differences between Fl and selfed seeds borne on the same low protein
parent in three crosses with high protein parents, However, he

emphasized that inherent differences inh protein content between



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

possible maternal effectis.

2el,3 Seed shape

The differehces between smooth and wrinkled pea ceeds
have been described recently by Kooistra (1962), Apart from the
obvicus 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 seeds, 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 wrinklsd pea, Matthews and

Whitbread (1.968) indicated that the lower field emergence frequently

reported for wrinkleeseeded peas relative to smooth-gpeeded peas,

could be related to greater exudation of electrolytes leading feo

a greater susceptibility to Pythium ultimum, Furedi (1970) reported
that Ymarrowfat" oxr wriﬁkla-seeded peas were slightly higher in
protein content than smoothmseeded peas. He attributed the increésed
protein content to a slower accumulation of starch, Shia (1976) |
studied differences between smooth- and wrinklewseaded F3 progeny
from crosses between loweprotein, smoothwseed peas and high=protein,
wrinklewseeded peas, He found that wrinklewsseded F3 prosenj were
higher in protein content (average of 3.4%), and lower in seed yield
and seced weight than corresponding smootheseeded F_, progeny. He

3
also verirfied the starch differences as described by Kooistra (1962).



Shia considered that the higher protein content of wrinkleeseeded
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 wrinkleeseeded F, lines compared to soothe

>

seeded F3 lines from the same cross.
2elels Seed size

Davies (1975) showed that differences in seed size were
correlated with cell number and cell weight, He demonstrated materw
nal effects for seed weight, cell number, and dry weight per cell,
However, he reported that wet weight per cell was primarily deterw
mined by the geqotype of the seed, Unfortunately, Davies used
wrinkle-geeded genotypes as the matermal parent in crosses with

smootheseeded genotypes and found that the F. seed (smooth) differed

1
in water uptake capacity from selfed seed {(wrinkled)} due to the r

b
gene as described by Kooistra (1962), and not necessarily to intrinsic
control as suggested by Davies, A more definite system of control

for wet weight per cell would have come from reciprocal crosses
between two smoothw or two wrinklewseaded parents. In a related
study, Davies and Brewster (1975) found that large seeds have more
RNA per cell, primarily rE¥4, than small seeds, quever, in recipe
rocal‘crosses, RA per cell wéé determined by the maternal parent,
This maternal control of RIA negated a difference in A due to
seed shape as smooth and wrinkled seeds on wrinklewseeded maternal

plants had sgimilar levels of R4,

Weickel gt 2l. (1963) measured protein content as percent



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 peaé on a fresh
weight basis, bui less on a dry weight basis than in smaller peas.
However, since size was really a reflection of physlologlical age
of the geeds, the results were not separable from effects of maturity
on protein content, Gottschalk et al. (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 cultivarg.
2e145 Maturity

Weickel et al. (1963) reported that in peas harvested
at the canning stage, protein content was generally greater in
larger fresh peas than in smaller, i.¢. 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 ag percent of dry matter decreased
from 29.00% at the first stage through 25.00% at the second stage
to 24.35% at close to full maturity. Furedi remarked that the
decrease in protein content is only relative to the inc¢rease in'
dry matter content, |

Danielsson (1952) showed that,although protein content
decreased almost linearly toward maturity, aitrogenocus suhataﬁbes
increased in absolute amount during the same period, Protein N

and glohnliw Weodme-- - 4p)y 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 viecilin : legumin ratio. These two components of globulin

"began s&nthesis at different times and increased at different

rates, Millerd (1975) reported that vicilin and legumin could bhe
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 tﬁe canning stage Wwas
correlated highly (r = ,91) with protein content at the mature
stage. Gritton gt al. (1975) studied protein content and amino=-
acid compogition 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

le§91 recorded at 12 days. Changes in amino=acid levels were
greatest up to 18 days after pollination. Glutamic acid, the

main aminowacid of storage protein, decreased, lysine and aspaftic
acid‘increasad, and Se containing aminoeacids decreased slightly
with maturity, Differences among the culilivars in aminoeacid
patterns were small., Smith (1973) showed that protein develops in
parallel with R A, and forms an increasing proportion of the total
dry weight of the cotyledon, Starch accumulation was somewhat

different. It was not detectable until 17 daye 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,
P, arvense L. They reported differences between the field pea
and earljer similar studies with "“garden" peas, P, sativum L; In
the field pea the phase of intensi;e starch gynthesis 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 itypes.

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 nitrogen fixed by rhizobia, the avallability of
other nutrients and their interaction with climate and e¢rop managew
ment practices, Cultivar evaluations at different locaticns 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
contgnt 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 NHQHOS.
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



increased by high available nitrogen and by high moisture stress.
Mclean also reported that proteln content was lncreased when ferte
ilizer 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 NH slgnificantly increased protein content

%
as well as yield. Protein coantent of Beveral cultivars ranged from
23 to 31% without dpplied N and from 35 to 535 at the highest KN
level applied (ﬂlo;mn/waek): However, the seed yiéld was extremely
low at this very high N level,
2.2.2 Effect of year and location

Berdyshev (1966) reported that at one location, three
genotypes varied in protéin content over three years, i.e. Nemchin=
ovaky, 22.4 to 25.6%; Alaska, 28.8% to 31.9%; and Raman, 18.0 to
19.9%. TFuredil (1970) collected 95 samples of 27 genotypes at 62
locations and measured variability of protein content, The nean
value was 20.7 + 1.05%. The range in protein content over cultivars
and locations was 18,0 to 23.0% and the range among cultivars only
wvag 19,5 to 22,5%., Further data from 9 genotypes at 39 locations
confirmed that intrawcultivar variation over locations was almost
as large as variation among cultivars. There was a marked genotype
by location interaction for protein content, Insufficient data
were collected to statistically analyze the year effect, but Furedi
(1970) inferred that certain genotypes could attain optimum protein
levels only at a suitable location and under optimal conditionsg

Ali-Khan and Youngs (1973) studied variation in protein

content of peas in Canada. They recorded data from ten cultivars
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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
cultivafs, locations and years and significant cultivar by location
interactions. Tﬂe range in protein content among cultivars was
23.1 to 28.3%,among yesars 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 maturity and cultivar and maturity were also
significant.
24243 Effect o;_ﬁ;trogen fixation

Nitrogen may be supplied to plants from the soll and by
the fixation of molecular nitrogen via the root nodule Symbiosis
with Rhizobium in legumes., The pattern of activity of the syn=
biosis in peas has been recently described by La Rue and Kurz
(1973). However, few reports show ths effect of nitrogen fixation
on seed protein content. McLean gt al. (1974) reported from pot
studies that in the presence of low soil nitrogen, nitrogen fixed
by Rhizobium was the principad factor influencing both yield and
protein content of peas, Buchan (1973) concluded that effective inocule
ation increased vine protein content, seed protein content, and total
seed and plant protein of three cultivars grown in nitrogen deficient
s0il in & growth chamber, In field exXperiments, effective inocul=

ation increased Century field pea nitrogenase activity, but not
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yield or protein content, The soil for the latter experiments was
bigh in nitrate, and the peas fixed a maximum of 12.6% of their total
nitrogen uptaké. Holl and La Rue (1975) report a value of 30% of
total plant nitrogen as being usual for the contribution of the
symbiont,
243 Effect of yield on protein content

Most reports in the literature indicate z negative
relationship between yleld and protein content. This relationship
is widely accepted in cereals, bui legume researche;s have been
reluctant to recognize it as an obstacle to incresased protein
content,
2.3.1 Cereals

In a discussioq on the “bio-chemical and molecular=genetic
prerequisites in the relations of plants for protein¥, Konarev
(1973) commented that the genetic basis of protein quantity and
quality in ¢rop plants must be elucidated before it will be possible
to Yovercome 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 Broek, 1972; Johnw
son and Lay, 1974) the negative relétionship between yield and protein
content was accepted unsourced, and considered as an obstacle to
increasgd productivity of protein,

In barley (Hordeum vulgare L,), DenHartog and Lambert
{1953) found a negative correlation of =,34#%# betwegn yield and

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

5
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However, 10% of the total F_ population was both high in yleld

5
and satisfactory in quality. Favret et al. (1970) reported that
both grain weight and test weight in ba.rle-y wore negatively .
corralated 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 gt al,
(1970) found a high positive correlation 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 beeq 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 (posteflowsring) stages. Those cultivars
highest in protein content were also the highest in protein yield.

| Haunold et al, (1962) cited several reports of a negative
yieldwprotein relationship in wheat (Triticum aestivum L.). 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 soft red winter (SRW) wheats, Plants of the HRW
cultivars low in protein produced more grain than higheprotein
plants, whereas the SRW cultivars had highest yields at intermediate
protein levels, In one year, protein=yleld relationships were

small, negative and significant for the two HRW cultivars and non=
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significant for the two SRW cultivars. In the following year, the
correlations were somewhat higher for Commanche (HRW) and Atlas.

66 {SRW). Atlas 66 showed cpnsistently higher protein content than
the other cultivars in different environments and different years,
The yield—protein curves for the two Atlas derivatives suggested a
threghold for protein, l.e. yield and protein were positively core
related up to the threshold and then negatively correlated at higher
yield levels, Nega?ive correlations were strongest in the second
year when available nitrogen was lacking. Haunold et al, (1962)
sugegested that these genotypes could not express their protein
threshold under limiting nitrpgen 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 (x= =,84%**), zrain number (r= =,8L%%) and
harvest index (f: =s7L%%), Protein per grain was positively
correlated with seed weight and negatively correiated-with seed
number, Protein yield was positively correlated with seed yield
(r= +,84*%), grain weight (r= +50%), grain number (r= +,91%) and
harvest index (+.59**), Bhatia (1975) considered that protsin
yield/unit area provided the best criterion for making earlj-
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
character 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 L,, IRG and IR;30=5=9
grown at several locations over the years 1968=72., Protein ccntent
ranged from 4.8 to 12,1% in IRS and from 6.4 to 17.5% in IR4S0=5=-9,
Major effects on variability came from season, location, nitfogen
fertilizer, water supply and weed control, Yield and protein content

were positively related up to a threshold value of protein r;haracter-’

‘istic for each genotype and negatively related beyond that point,

The threshold values were 8.5% protein for IRS and 10.3% protein for
IR4B0=5=0 and were relatively stable from year to years

Crook and Casady (1974) reported a negative correlation . :
( r= =,42*%) between yield and protein content among 40 sorghum (Sorghum yulgare L
hybrids and their parents. PFProtein was also negatively correlated
with days to 50% bloom; height, leaf area, panicles per plaant, and
test weight.

Spilde et al. (1974) regressed protein on yield of five .
interspecific crosses in oats, Avena sppe Linear regression
coefficients were negative and significant in all crosses, Standard
partial regression coefficlenis also showed tha# protein was signifim
cantly negatively correlated with yield,
2e3+2 Legumes
2s342.1 Glyeine max (L.) Merrill
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_Johnson et al., (1955) studied genotypic and phenotyplc
coprelations bhetween 24 trails in two populations of F3 lines of
soybean, The phenotypic and genotypic correlations between yield
and protein content were rz= =.,08 and =,12 respectively,in population
I and r= =,33 and =.6}4 respettively,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 Websr (1968) studied mass selection
for protein content in soybeans by use of specific gravity selection,
They reported phenoéypic correlations between proteih content and
density of r= OJ.43%*%, 0.57%%, and 0,60%% in three populations, The
higher protein content was also associated with lowsr oil content,
Yield was independent of density; but no direct relationship between
yield and protein was recorded, In six F, populations of soybeans

L
Shannon et al. (1972) reported that yieldwprotein correlations were

significantly negative in only two populations, and one was_small
enough (r= =,28+) that it was not considered a barrier to selecting
higheprotoin, highuyielding straing. In three populations, there
was no asgociation, 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
rarents, However, these high prolein 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 BC

1
high=oil cultivar and a lower ylelding, but high protein, breeding

and BC2 lines from a cross between a productive

lﬂine. Selection on }he basis of oil was effective in obtaining
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populations different in protein content, Yield and proiein content
wore negatively correlated in both populations, but significantly

80 only in the BCl population, The most productive line in the

B02 population was similar to the high yielding parent and had 10%
higher protein, Thus, after two backcrosses, it was possible to
isolate a line combining favorable yield and increased protein
content,

24342.2 Phaseolus sp,

Tandon et al, (1957) measured the effect of year and
location on yield, protein content and several food quality paraw
meters in 25 cultivars of beans, Phaseolus vulgaris L, 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 sp. but these were nonesignificant,
Leleji gt al, (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= = Lb*¥, w,287%, =, OLL, =,220%),
However, protein yield/plant and seed yield/plant were highly
correlated in all crosses (r= ,964L%%, ,724%%, ,0p1l¥%, ,831#%),
Leleji et aly, (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 yieldirg lines, Kelly and Bliss (1975)
reported a low negative correlation (r= =,30%) between seed yield
and protein content among 65 Fq families of a c¢ross in beans. The
avthors commented that although negative,‘the relationship was low
enough to allow for increased protein 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 famjilies for high protein content,
i

2434243 Viﬂﬂa SDs
Bliss et al, (1973) grew 11 cultivars of Vigna unguicuw

lata (L) Walp, at three locations under shorteday and longeday

en#ironments. Yield and protein content showed only a small negative

correlation (r = w,1l4).

|
203.2.4 g_]_-_gg?_ EDe

Sandhu et ale. (1974) assayed seeds of 33 chickpea, Cicer

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

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

between protein content and 100=seed weight, Small, shrivelled and
sometines 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 1lCOwseed welght (r= +.83%*)

and sulphur as percent of protein (r= +.,49%*), However, 1l0O=sesd

 welght was not related to yield so that the yieldwprotein relatione

ship c¢ould not be directly assessed,
203 0205 Vicia faba

Munck et ale. (1973) selected for low and high crude protein




20

content in Viecia faba for three consecutive years in three populations.
All populations responded to selection and s¢ed size and other

yield parameters were not significantly influenced hy seleciion for
protein in either direction. Bond (1975) stated that in 19 separate
cultivar trials with ¥icia faba in the United Kingdom only two

éhowed a negative yieldwprotein relationship.

24342,6 Pisum

Neklyndov and Antonova (1973) reported that protein content
of pesa seeds in Fl to FQ populations was not correlated strongly
;ith 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 in determining
protein content but observed “in spite of the apparenit negative
correlation between seed yield and protein content it is probable
that these two characters can be combined, Appropriate source materw
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 signifim
cantly negatively correlated in progenies from one cross only,

Since the values were low (rz = 34%% and =,35%% in I-'3 and F#,
respectively), the relationship was not seen aé a barrier to increage
ing both components simultanéously. The cross in question was between
a wrinkle=geeded and a smootheseeded parent, A negative yieldw

protein relationship was inferred indirectly by Pandey and CGritton

(1975)s When they discussed the fact that F; pea hybrids had

=y
T |
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protein levels below their parents, they also noted that Fl's
exhibited heterosis for seed yield, and these producéd a greater
yield of protein than parents. Ali-Khan and Youngs (1973) reported.
that the correlation between yield and protein content of 10 genow
types grown in three seasons was non-signifiéant (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 weightv(r= +,80%% {0 +,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 (= =,26% to ~,57%%),
Shia concluded that these correlations were low enough to permit
combination of high values of both traits. In fact there were E3
lines which combined above average yield and protein., Protein
yield and seed yield were highly positively correlated (r= MR e
to +.99%%), both on a per row and a per plant basis,. |
2+4 Relationship between protein content and protein guality

Munck et al, (1973) reported that as crude protein
inc¢reased the concentration of essential aminow~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. Munck et al. (1973) questioned the wisdom of

selecting for crude protein content in view of such evidence,

In Phaseolus. Adams (1973) recorded correlations between



nitrogen and methionine, nitrogem and cystine, nitrogen and cystine
plus methionine of =.73%, =,84%%, and -.84%%, respectively, among §
genotypes, As proteln content increased above about 21%, the protein
becamne prusresaively 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 autrient deficient soils

and supplemented with ammonium sulphate. Contrary %0 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 sulphafe ions.

Bajaj (1972) evaluated 21 pea genotypes and found that
protein efficiency ratio, as determined by rat growth, was correle
ated with total N, extractable N, globulin content and albumin
content (r= 0.42, 0.02, 0.32 and 0.77, respectively).

The high correlation with aibumin 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 dubiéus value in indicafing biolog=
ical value of peas,

Sandhu et al, (1974) measured total sulphur content in
33 genotypes of chickpeas and found that percent protein was negatively
correlated (r= =,76%*) with sulphur és percent of protein. However,
since sulphur as percent of protein was correlated with protein weight/
seed (r= +.49%*) and since Sandhu et al,.had recommended seleciing
for the latter, improvement in sulphur as percent of protein would

follow,.
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Bliss et al, (1973) found a correlation of {r= +.51, not
slgnificant) between methionine as percent of protein and protein
content of Vigna, However, the genotypic correlation was higher
(re +,63) and significant. Similarly, Kelly and Bliss (1975) found
that availaﬁle methionine as percent of protein was positively
correlated with protein content (r= +.33*) in Phaseolus.

“Vogel gg‘g;: (1973) found that among 12,613 common
wheats from the U,S,D.A. World Wheat. Collection, 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 he a better

indicator of quality. It was negatively correlated with protein content

up to 15%, and above that, the sffect of increased protein on lysine
was negligible,

2,5 Heritability of protein content and quality

Thorne and Fehr (1970) wade 2; and 3=way crosses between
adapted and exotic strains of soybeans. Broad=gsense heritability
of protein content, based on parent-progeny regressibn, 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 effects. Shannon
et al, (1972) reported similar high values for broad sense heritabile
jty of protein content in soybeans, i.e, 81=96%, Values were calw
culated for Fa-derived F# 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 et al. (1972) evaluated F.'s, F,'s and F,'s from

1 2 3

crosses between 5 lines of Phaseolus wvulgaris L. They found that
all progeny means were betweeﬁ the paréntal means, but tonded
toward the lower parent, Protein content was maternally determined
in Fl. Broad sense heritability estimates ranged fromijo.?% to
63.7% while narrow sense heritability was 20,1% among backeross
progenies and 12.,0% among single cross progenies, based on F3/F2
regression, Thus, there was low additive genetlc variance for pro=
tein content, Kelly and Blias (1975) made three crosses between
4 strains of Phaseolus vulgaris L, They grew and analyzed Fl’ FZ’

BCP,, BCP, F, A

baged on FB/FZ and Fq'_/F3 regraession, for protein content was 63

3 and F generations, Narrow sense heritablility,
to 79% and 32 to 61%, respectively; for percent available methionw
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. Thers was partial dominance for both
expressions of available methionine,

Romerc gt al, (1975) subjected 4 strains of Phaseolus yulgaris
L, to slectrophoretic analysis of the Gl globulin fraction and showed
that the two strains high in-methionina content had a 3=subunit
structure, while the two strgins low in methionine had a 2esubunit
structure. Fl Progeny were intermediﬁte in banding and as-tha‘Fa;
showed a Mendelian segregation pattern consistent with a system ‘
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controlled by a single gene,

Bliss et al. (1973) grew 9 cultivars of cowpea at three
locationa under two daylength regimes and calculated broad sense
heritability by variance‘@wmponent analyeis, The heritability egt=
imates for protein content,methionine content and methionine as perw
cent of protein were 29%, 54% and 46%, respectively, Tryptophan
and cystine contents were less heritable than methionine,

Singh and Singh (1973) studied a 7=parent diallel and
cbtained a narrow sense heritability estimate of 735,48% for protein cine
tent in mung beans, Vigna radiata (L.) Wilezek, Although both
additive and non-additive components were important,; geperal combining
ability for protein content was higher than specific combining
abllity.

Broad sense heritability for protein content in chickpeas
was 70% calculated from variance componsnts 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 of protein
was 70%, 64% and 51%, respectively. Mean values for each genotype
wore based on the mean of three single plants,

Selinm gt 5;5.(1974) made crosses between high and low
protein lines of Vicia faba L. They analyzed protein content of
5 plantg 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 paire of genes showlng both additive and

- maltiplicative gene action. Heritabllity was estimated at between

62011 and 79¢58%.

In peas, Pandey and Gritton (1976) made 4 crosses between
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high and low protein lines and found that the mean of Fa and Fa-
derived progeny was lower than the higher parent and tended toward
the lower parent, Narrow sense heritability for ylsld was lower
than for protein, 6bserved gein from selection for high protein
was less than predicted whereas the observed decrease from selection
for low proteln was greater than expected,

Shia (1976) made three crosses between higheprotein,
wrinkla-seede& lines and loweprotein, smoothwseeded lines,
Narrow sense heritability estimates for protein content based on

Flez regression, ranged from 56 to 68%. However, when F_ progenies

3
wore divided into homozygous smooth or homozygous wrinkled, narrow
sonse heritability estimates decreased substantially and wers not
statistically significant, Shia concluded that protein content

wag a character ¢f essentially low heritabllity.
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2.6 Summary of literature - - - - JE

Protein content is a highly variable,'weakiy inheritgd
character negatively correlated with yleld and quality 1n both ceraal
and legume food crop species, Variation due to location, yeér,
season, and soll condition h:.a.s been documented, 2s has variation
within genotypes among and within environments, Considerable single
plant Qariatibn is common, leadipg to suggestions that selection

on a single plant basis could lead to improvements in protein

‘content, usually without evidence that the observed varlation was

genetic,

The effect of nitrogen supply on protein content in legumes
is variable and not well defiﬁad due to the interacting effecis
of symbiotically supplied and externally available nitrogenous
compounds, There is no reported consistent effect of seed size
on protein percent, but it is axiometic that 1aréer seeds contain
more protein and in one legume crop protein per seed was considered
the most wvaluable selection c;-iterion.

Yield and protein content were consistently negatively
related in almost all the crop species documented, with the excep=
tion of Vicia faba L. However, the magniiude of the.relationship
waé generally low to moderate, allowing most authorg to conclude
that both yield and protein content could be combined, Most reports
though, concluded that either protein or yield could bé increased

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

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

threshold level of protein was presented, i.6. up to a certain

level, prrotein and yield may increase together, but beyond that
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level or 'threshold' they are negatively related.

Reports show conflicting evidence on the relationship

between protein content and protein qpallty. In legumes

sulphur bearing amino-acids are the first limiting,
and unfortunately, it is often these amino-acids which do not increase
when protein content increases, resultiag in a greater content of
autritionally poorer protein.

There are ;elativbly few estimates of heritability of-
protein coantent in legumes, and some of these recorded are of little
use to breeders in that they are estimated in the broad sense,

Still others were derived from data which could be used only with
great caution due to very limited populations and sample size.
Nevertheless, protéin countent is low to moderately heritable, with
the possible exception of protein in soybeans, and additive variance

is the major 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 genoiypes

grown in three environments in which both plot and single plant'dafa._
were collected; a study of the changes in protein content and starch

content in poa seeds with advancing maturity; a study of herditability
of protein content and other metric traits based on 21 Fa populations
and their parents; a study of the effect of seed shape on seed welghty
a studyvof genotypic variability for 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 suffice
ient seed avallable to plant a large plot multielocation triale. The
gonotypes included three currently licensed ¢ultdivars as well as a

number of breeding lines from the Agriculture Canada cooking-pea
breeding program based at Morden, Manitoba, and diverse genotypes

from the U,5.D.A, world collection., Two of the genotypes were wrinkles
seeded.
Sele2 Exporimental layout

The experimental design was a 25-genotype randomized
complete block design (RCBD) with four replications at three sites
in Sasgkatehewan, namely Saskatoon, Nipawln,and Bellevue. At
Sagkatoon and Nipawin identleally sized plots of a check variety

Trapper wore sown between each treatment plet. The plots consisted
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of four rows 4.8a long, 30cm apart, with 90cm between plots.
Seeding rate was 135 seeds/row to give an estimated 85 aeedsluz,
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 pra-pl#nt incorporated
berbicide (Treflan) and later the experiuenfal area was kept
weedfree by cultivation and hand-hoeing. Seeding dates were
May 20 and 21, and June 1, 1974, for Saskatoon, Nipawin, and Bellewvue,
respectively, Seeding was delayed by heavier than usual‘sprlng
ral nfall, particularly at Bellevue, The soil types for the 1974
locations were: Saskatoon « Elstow clay loam, Ballevue - Blaine
Lake silt loam, Nipawin « Nipawin ioan. The experiment was
located on a free-draining sandy knoll on th13<soil series.

The 1974 season was shorter and cooler than average.
There was no prolonged period of moisture stress. At Bellewye,
the growing season was particularly coql and moist, resulting in
delayed flowering and maturity of the indeterminate genotypes,

Data for 1973 were obtained from 22 common genotypes
grown in a 40-genotype RCED wunder the same conditions as
described above without covariate plots. 1In 1975 the 25 genotypes
wore 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 single plants per plot from

each genotype were randomly taken from the inside two rows at mat-

urity prior to harvest, and the whole above-ground portion of the
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a4 50mg sub-sample was snalyzed for protein comtemt by the micro.Kjeldahl
wethod (A.0.A.C., 1970).

Yield, protein content and height were determined for each
plot of the check variety Trapper aﬁd the mean value of the two
adjacent check plots was used as covariate for each genotype value.
3.2 Effect of stage of maturity on protein content
3.2.1 Plant material 7

Seed of the 25 pgenotypes used in the previous study was
available for one location in 1975.

3.2.2 Experimental layout

The genotypes were seeded ofn May 14 as described in section
3.1.2.

3.2.3 Data collection and analysis

Three replicates were harvested at maturity on August 21.
The seed was diied, cleaned, weighed, and a 15g sample taken for
analysis of protein content by infra-red reflectance spectroscopy
{Neotec Grain Quality Analyzer). The data were amalyzed as a three-
replicate RCBD. |

The fourth replicate was sub-divided into four lm plots
shich were harvested at four intervals from pod-filling to maturity
(July 21 and 28, August 7 and 21). At each harvest two two-row samples

lm long from each genotype were cut and the peas were shelled by

hand. The fresh peas were weighed, immediately dried for 72 hours

as deacribed previously and then reweighed. A 15g sub-saaple was
ground in a cyclone mill (Udy Analyzer Co., model MS.) to pass through

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

method and sterch content  was determined by polarimetry (A.0.A.C., 1970).

PR
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plant bagged, dried, and the haulm and seeds of each plant
separated before wmighing. The following single plant characters
were measured: seed weight, haulm weight, harvest index (éalculated
from seed weight/seed+haulm unight,'axprelaed as a percentage), seed
protein content, haulm protein content, protein weght per haulm
.and total protein weight per plant. The valuas expressed ware means
of 5 single plante. Single plent data were recorded only at Saskatoon
and Nipawin due :? the aforementioned seasonal abnormalities at
Bellevue,

Height was measured at cessation of flowering and was
taken as the mean distance from the groﬁndllevel to the upperinst
node 0f five random plants £from the inner two rows when the plant
was pulled erect. Height was expressed to the nearest 5cm. Height
was not recorded at Bellevue because many of the genotypes 41d not
cease flowering before the harvest.

Each plot was harvested with & modified Hege model 125
combine and the seed was bagged, dried for 72h, cleaned and weighed
to the nearest gram, Unless otherwise stated all drﬁing in this and
subsequent studies was in a hot-air grain drying cabinet for 72h.

For protein analysis on the plot samples, a 15g sub-sample
was ground in a mill (Udy Amalyzer Co. cyclone model MS,) to pass
through & 40-mesh sieve. Protein was determined by infra-red
reflectance spectroscopy (Neotec Grain Quality Analyzer), Seed from
each individual plant was ground in a Culatti micro-mill to pass
through a lam sieve and a 280mg sample analyzed for protein cm tent
by the Udy (1971) method. Single plant haulme could not be individually
ground, so the five haulms from each plot were combined and ground

in a laboratory.size mill (Wiley, model no, 4). From each bulk sanple
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3.3 Heritability of agromomic traits, protein content and methionine coatent
3.3.1 Plant mgterial ’

Sufficfent seed for a fapliccted experiment was available
from 21 Fz bulk populations of crosses between higher protein géno-
types from the U.S5,D.A, Uorld Pea Collection and lower protein adapted
genotypes. The crosses were made in 1972 and the F, seed grown in
the field of 1973, Te# of the populations were segroegating for sced
shape,

3.3.2 Experimenta] layout

The 21 Fz bulk populations and their 19 common parents were
seeded in a 2-replicate RCBD with 2 row plots 3.05m long and 30cm
between rows. FPlots were 90cm apart{ Seeding rate was 85 geeds per
row. The seedas were dusted with a fung#éide (Captan) prior to seeding
and then sown with commercial psa inoculum (Nitragin Co.) and without
fertilizer on May 14, 1975.

These genotypes all became infected with Erysiphe polygoni
in late July and were sprayed with sulphur on July 25 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 growing
period. All genotypes were harvested at full maturity on August 30
by a modified Hege model 125 plot combine. The seed was dried,
¢leaned, weighed and a 15g sample ground in a cyclone mill (Udy
Analyzer Co.) for protein determination by infra-red reflectance

spectroscopy. Duplicate 200-seed lots were used to determine seed

R’.Sht .
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Methionine content of the pea meal was deternined by the
method of Finlayson and McKenzie (1976) with the following modifications:
the meal was reacted with cyanogen bromide (10% w/v) in 50% formic
acid, The column used was 2-3mm internal diamaeter by 40 cm Pyrex
glass packed with Poropak QS (100-120Anesh) and operated at 160C,
Methyl isobutyl ketone was used as an internal atandard.

3.4 Effect of seed shape on seed weight
3.4.1 Plant material:

Progeny of 10 cfosses segregating for seed shape (from
section 4.3) were separated on the basis of seed shape, weighed, and
acreeﬁéd into four sizes by acreens with hole diameters of 18, 16, 14,
and 12/64", Parental seed Heigﬁt 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 from the U.S.D.A., World Pea.
Collection were growm in single unreplicated rows at Saskatoon
(Slinkard, unphblished report). Appro;lmately 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
teken was not random in the strictest sense, but was a random
sample of genotypes that had produced more than 350 mature seeds
in 1971, ad thus were at least alightly adapted to tﬁe Saskatoon
environment. It is probéble that at least some of the genotypes
were not pure, Plants showing gross morphological differences and
differences in flower colour from the rest of the plot were removed

prior to harvest.

s,
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3.5.2 Experimental layout

-Eighty-five seads per row were packeted and dusted with
approximately 0.5g of a fungicide (Captan), Each plot consisted
ot tws Trows 3.05& long and 30ce apart. Plots were 90cm apart.
The genotypes were randomly grouped into 17 eight by eight laftices
vith two replicates per lattice. The genotypes were seeded as
described previously with commercial pea inoculum (Nitragin Co.)
and without fertilizer at Saskatoon on May 12, 13, and 14, 1975.
In the hot, dry weather of late July most of the genotypes became
infected with powdery mildew, Erysipbhe polygoni. Consequently,
they were sprayed with elementpl sulphur at a rate of approximately
2kg/ha suspended in 400 1 of water. Liquid detergeant 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
no 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 génotypes were fully
mature and the plants totally senescent by August 3. The other
three lattices were in a hollow in the field where higher soil
woisture delayed senescence and maturity until the end of August.
Harvesting commenced on August 3 and continued on August 4, 6, 14,
2l, 28 and 30, The sporadic timing of harvest was due to rain and
subsequent cool weather not allouiné sufficient drying to enable
harvest by combine., Although the harvesting was nporﬁdic. at each
harvest date only whole latticea were completed, The seed was dried,

cleaned and weighed. Fifteen gram sub-samples were ground in a
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cyclone mill (WUkiy Analyzer Co,) and analyzedl for protein content by
infra-red reflectance spectroscopy (Neotec Grain Quality Analyzer).
Duplicate 200-seed lots were used to determine ;eed weight.
‘3.6 The nitrogen-to-protein factor |

The value 6.25 as the nitrogen-~to-protein factor is still
in common msage despite the acknowledged errors inheremt in.. its
calculation (Jones, 19413 Tkachuk, 1969). Holt (1976) concluded from
a study of amino-acid and non-protein nitrogem counstituents of legume
seads that the value of 5.7 more aﬁcurately reflected the true nitrogen-
to~protein ratio in those crops.

Bowever, 6;25 was retained in the present study since the
dye-binding method and the 1nfga-red reflectance spectroscopy method

of deteraining protein camtent 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 i{s thereby limited

to comparative purposes.
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4, RESULTS

4e1 Genotype by environment.studx

This experiment was designed to providé information on
the relative ¢ontributions of genotypes, lcocations, years, and local
environment to variability of protein content in accordance with
Objectivé 1 (see Introduction) and also to provide information on
Vthe relationship of proteln content to other plant traits under
Objective 2,

Lelel Analyeis of variance for 1974 data from Saskatoon, Nipawin and
Bellevue

Bartlettts teét 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 locaiion intéraction‘
fere significant (p= ;d;) for both yield and protein content (Table 4.1).
Table 4.1 Analysis of variance for yield and protein

content of 25 pea genotypes grown at three
locations in 197k

Source defe Yield M,.S, Protein c¢ontent M,S,
Locations ‘ 2 12,129,388%* B2l 7%%
Genotypes 24 389,114 37.5%%
Replicates/lacation 9 , 212,304 x% B S
Genotype ¥ location 48 L7 o HEG % # Be5**

Error 216 55,801 241
"_Total 299

*¥* Significant at the .01 level
The relative yield of each genotype was similar at Saskatoon and

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

2=location S=location

Genotype Saskatoon Nipawin mean Bellevue maan
NP 761 2153 1651 1902 1598 1801
Triumph 221l 1619 1917 1486 1773
MP 790 2141 le24 1883 1538 1768
MP 712 2116 1556 1836 1624 1765
MP 789 2085 1272 1678 1890 1749
P. 1. 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.I. 356885 - 2135 1538 1837 1079 1584
MP 783 1994 1533 1763 1202 1576 -
P.I. 356837 2073 1472 1773 1175 1573
Trapper 1941 1603 1772 1169 1571
P.I. 356834 2002 1377 1690 1279 1552
Dashaway 2199 1585 1892 831 1538
P, I. 356846 1925 1473 1699 1187 15286
MP 39 2320 2012 2166 124 1485
Lincoln 1656 1237 1447 1531 1474
Palouse lihh 1219 1332 1752 1472
P,I. 324705 1725 1706 1716 45 1259
P.I, 357001 1876 1344 1610 529 1249
P,I, 206790 1219 841 1031 1105 1055
Mean 1955 1511 1754 1269 1578
LeSeDe(.05) 391 343 249 292 190
C.Ve 13,7% 15.6% 15,8%

14.6%

156%
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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 approxie
mately 1/10 of the locatioﬁ mean, Similarly, Lincoln and Ealonse
ranksd 23rd and 24th, respectively, at both Sasgkatoon and Nipawin,
but shifted to 10th and 4th, respectively, at ﬁellevue. Thus, the
slgnificant genolype x location interaction for yield was apparently
due fo 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.&.) for yisld cf.15.6%. The range
for yield over the three-io;ations 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 meang fbr-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 proteiﬁ
content (Nivawin} was not the highest in yield., In generél, within
& location, genotypes that were high yielding had low protein 7
content, and low yielding genotypes fended to have.high protein
content, -The range of protein content among locatioﬁs was 22.6
to 27.1%, almost as iarge as the range among genotypes, 22.4 to
" 28.9%e Exclusion of the Bellevue location increased the range among
genotypes only maréinally (3%}, but loweréd the level of thatl
range from 22.4w28,9% t0 21l.3=28.1%. |

4o1.2 Analysis of vardance for 1974 data from Saskatoon and Nipawin

Due to the divergent results from Bellefue, data from this

location wera deleted and the remaining data reanalyzed.
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Table 4.3 Mean proteiln content (%) of 25 pea genoiypss grown
at three locations in 1974

' _ 2=location 3=location
Genotype Saskatoon Nipawin Asan Bellevue Bean
P, I. 206790 293 26.8 28.1 30.7 28.9
P, I, 324705 271 253 2643 31,6 28.0
Lincoln 26.9 25.5 26.2 28.6 2?.0
P.I. 356846 26,7 225 24,6 29.2 2641
W 703 2643 22.9 2446 2649 2543
P.I. 356834 24,8 23.6 2443 27.2 252
P,I, 356837 2446 2243 2345 279 24,9
Petit Pois 25,1 2l.2 23,2 28.3 24149
Trojan 24.0 22.6 2343 277 2}-}.8
Trapper 24-5 21.5 22.9 28-? 24.8
p,I, 269812 25,1 2340 24,1 25.9 2he7
MP 39 22,2 20.4 21,3 3046 244k
w718 257 21 .4 2346 2545 2ha2
MP 790 2249 23l 23.2 26,0 2hel
P, I, 356885 225 2242 2244 2647 23.8
DaShaway 23.1 20.9 22,0 27 01 230?
Palouse 2L .4 21,9 23542 2449 2347
MP 783 24,8 2l.1 2340 25.4 237
Century 2.1 el 2\3-2 2‘-{-.6 23.6
MP 702 2348 20,8 22.3 2640 235
TI‘iumph 21{--0 19-8 2149 26.2 2.5-3
MP 789 2244 21,2 22,0 2348 22,6
HP 761 22-4 al-lf 22.0 23.8 22.6
MP 712 23,0 _2l.4 2242, 22,8 2245
Hean 24-7 2206 25.6 2?.1 2’-}.8
LeSeDa(a05) 2,15 24354 1.52 1.79 1.16
C,V, 5.9% 7el% 6e5% Lo 5% 5.8%



As expected, the results of the analyses of variance for yield
and protein content were as described in section L.1,1, with the
exception that the genotype x location interaction was not

significant (Table 4el). Thus for both of these traits, the geno=

Table L.l Analysis of variance for yield, protein content
and height of 25 pea genotypes grown at
Saskatoon and Nipawin in 1974

Protein content Height

Source d.,f, ¥Vield M,S, M, S, ‘ M,S,

Locations 1 9,871,392%% 232.4%%  2628%%

Genotypes - : 24 39Uy 364 %% 2hB¥* Z2L0%

Replicates/locations 6 290,107** L347%n 7Lw*

Genotype x location 2l 74,875 ' 346 228

Error C o 1hlh 63,632 2.3 . 218
Total | 199

** Significant at the .0l lavel

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= .01)
among genotypes, locations, and feplicates within locations (Table
4.4). The genotype x location interaction was not significant.
Thus, the factors which produced differences_befween the two locations
affected all genotypes in a éimilér manner.‘ ﬁést genotypes yielded
less, had a lower protein content, and were shorter at Nipawin than
at Saskatoon. The C,V, for haiéht (15.6%) was of the same magnitude
as that for &ield, 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,

o Mean perfokmance of all genotypes at a location has been
LE - ‘ frequently uysed as._4n estimator of that environment (Finlay and
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Wilkinson, 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 signiﬁicant genotype x location interaction indicated that
the difference between locations was not in season length or drought
stre;s, to which one or more of the genotyﬁes might have responded
differentially, The Hipawin site was, therefore, less productive,
Iﬁ future discussion, productivity will be referred to as fertility,
without inferring measured soil ferfility.
4.1.3. Analysis of varignce for single plant traits

At both Saskatoon and Nipawia the following singlg plant
traits were measured; seed protein content, haulm protein content,
yield/plant, protein weight/plant, haulm protein weightlplan;. and
harvest index., All traits measured on a single élant basis were
analyzed for each location separately due to heterogeneity of
error variance.

Mean square values for genotypes are presented in Tabie 4,5,
At Saskatoon there were significant differences (p=.015 among
genotypes for seed protein content, seed yield/plant, total protein
weight/plant, and harvest index, but not for haulm protein content
or bhaulm protein weight/plant. Haula protein weight/plant, total
protein weight/plant and seed yield/plant had high C.V.'s, indicating
that individual plant data were extremely variable and unreliable.

There were significant differences {ps .01) among geno-
types for all traits at Nipawin (Table 4.5). Although the lqcaiions

could not be compared statistically, the location means for each
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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 1s in
agreement with the results for yield, protein confent, and height
reported in section 4,1.2. Single plant protein contént and geed
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 notea earlier on a plot basis was evident on a single
plant basis, exceft that both were reduced more substantially than on
a plot basise. 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 accumulatgd 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.
content of the ieaves and stem., There was a substantial rédudtion
(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 contenf of both seed and haulm, |
Although the location effect was significant (p= .01) for
some of the cobserved traits, it is noteworthy that the mean value
Tor harvest index changed only very slightly {(Table 4.5). Thus,
the effect of reduced secil fertility was manifest equally on the
vegetative and reproductive parts of the plant, Reasonable -
stability of harvest index was indicated, but the fertility différ-

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

T
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heleh Analyeis of variance for data from three years at Saskatoon

In order to &3uUge the effect 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 ﬁad only three
replicates, one replicate was remo%ed at random from the other *
tests, Bartletit's test for hOmogeneity'of e;ror variance showed
that the 22 genotypes OVEr-B yedrs could be anaiyzed 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 defe 1973 1974 1975 1973 1974 1975
Replicates 2  14874.5 = 55630.0  22668.0 0.12 13.72%* 1.14
Genotypes 21 228626 9 297614.4%* 16072L.1%%  7,97%*% 11,11%% L. 65%*
Error - llra 23868.8 56?18. LI- 48060.8 081 2 .59 l'g_l__

Total 65
** Significant at the .0l level

{p= .01) among genctypes for both yield and protein content in each
season, There were no differences in yield among replicates in any Qf the
seasons, The C,VIs,. 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/plot .

Protein content. %

Genotype 1973 1974 1975 Mean 1975 1974 1975 Mean
MP 39 1560 2449 2259 2089 2b,6 2ol 22.9 23.2
MP 761 2029 2139 2084 2084 221 22.2 23.0 2244
MP 712 1593 2435 2098 2042 2445 22.9 22.4 23,2
MP 702 1549 2187 1889 2008 23,9 23.9 22.9 23.5
MP 789 1596 2138 2145 1959 23549 254D 22a.4 2543
Trojan 1701 2145 1862 1903% 25.0 2349 254 2448
Dashaway 1324 2277 1812 180y 23.9 23.2 23,0 23,4
Triumph 1342 2243 1821 1802 2247 2L .3 2243 251
P,I1.357001 1578 1946 1862 1795 2649 275 25,6 26.7
P,1.356837 1545 2179 1612 1779 20,9 25,0 247 24,8
P, I1.,269812 1339 1974 2003 1772 24,0 24,7 2345 2le1
P,1.356834 1655 2100 1555 1770 24,9 24,7 23.5 24.1
Trapper L42L 2028 1814 1755 25.2 243 23.6 2hJh
P,1,356846 1536 2056 = 1593 1728 24,6  27.1 25.3 25.7
W 705 1280 1847 2054 1727 2he5 25.7 23.7 24,6
Petit Pois 1229 1840 2024 1698 2446 251 2he3 246
W 718 1292 1990 1752 15678 24e3 25,5 25.7 2445
P, I1.324705 1292 1803 1526 1540 2746 27.0 26.6 271
Palouse 1239 1349 1519 1386 25 27 2340 2.1
Lincoln 1005 1549 1483 1346 28eh 2649  25.0 26,8
P, I,206790 843 31178 1429 1150 28s7 30,3 26,7 28,5
Mean 1436 1986 1327 1749 2449 2540 24,0 2he6
S.D, 276 315 242 422 1.6 1.9 1.3 1.5
C.V. 10.8% 12.(}/’6 11.‘9% 11.9% 3.6% 6.5% !-I-ts% 5.%
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three seasons at one location., Theore were significant differences
(= .01) among replicates for pfotein content only in 1974.

The combined analysis of variance is given in Table

Le8.
Table 4,8 Combined analysis of variance for yield
and protein content of 22 pea genotypes -~ -
grown at Saskatoon for three years
Source dof,  Yield M,S., __ Protein content M,S,
Years 2 528841 ¥« : 20, %%
Genotypes 21 501307 %% 20,54+
Replicates/years 6 25161 5,0%%
Genotype x Year L2 100308« 1.8
Error 126 43529 ‘ 1,5

_Total - 197

** Significant at the .01 level

There wore significant differencgs (p= .01) aﬁong genotypes agd years,
for both yield and protein éont;nt, among replicates within Years fér
protein content and the genotype x year interaction was significant

{p= ,01) for yield. Mean yield was highest in 19?4; followed by a
roduction of 8% in 1975 and a further feduction of 23% in 1973 (Table
44.7) when a drought in late July and August hastened maturity (Slinkard,
unpublished report). Although the génotype X year interaction was
significant (p= .01) for yield, most o¥ 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 threé and one out of three seasons,; respectively, and were
the two highest yielding genotypes over all seasons, The relatively

low yield of Lincoln and P.I.206790 in 1974 undoubtedly contributed

largely to the genbiype X year interaction.

.
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Mean protein content did not differ between 1973 and
1974, but the mean for 1975 was significantly lower(ps «05) than the
previous two years, although the difference was only one percentage
point (Table 4.7)s 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,J. 206790 had the highest
protein content, ranging from 2647% in 1975 to 30.4% in 1974.
That range was the widest of any genotype. Another highwprotein
genoltype, 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%

and 8.1%, respectively, The narrower range in 1975 was due to the
lower prolein content of P,I, 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 genotypesland seasons was narrow (6.1% and 140%, respectively)
and the range of the most variable genotype was 3.7%.
4.1.5 Analysis of covariance for withine-location variability

The analysis of covariance may be used to increése Prete
ision and to clarify the nature of treatment effectis when Lhe
assumption is made that some pre=-existing factor will have an
influence on thé outcome of applied treatment effects (Snedecor
and Cochran, 1967), As previously mentioned (Materials énd
Methods), check plots of the licensedcultivar Trapper were seeded

between each treatment plot at Saskatoon and Nipawin in 1974 to obtain
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information on tﬁa within-location wvariation due to gradients or
micro-environmental differences in soil fertility or moisture
supply. The mean val&e of the two Trapper plots adjacent to each
treatment plot was used as the covariate for yield, plot protein
comtent, and hﬁight. The wvalue for plot protein content was also uaed
as the covariate for single plant protein conteat. Although yield,
plot protein content, and height were homogeneous for error variance
over the two locations, covariance was restricted to separate locs
ations on the premise that vatiation'at one location was entiraly
unrelated to variation at the other and thus best kept separate even
at the expense of fednecd degreess of freedom.

The analyses of cévatlance for yield, plot protein
content, singls plant protein content and ﬁeight are sﬁDWn in
Table 4.9. All regressions, except that for height at Nipawin,
were significant {(p= .01) and covariance resulted in a considerable
reduction in error mean square, particularly ut.Nipawin. Ad justed
F values for genotypes were higher than unadjusted F values except
for height at Nipawin. Adjusted ¥ values for replicates were raduced
in most iastances, and last significance for ltgglc plant protein
content at both lacations,

Thus,the overall effect of covariance analysis was to
increase precision by reduéing error variance, Replicate Gariance

and genotyps variance was aiuo reduced, Adjustment was greatest
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for yleld, and decreased through plot protein content and single
plant protein content to height, for which covariance was not
significant at Nipéwin. Lessy significanﬁ'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 g/plot,and
from 2,34 to L85 for yield énd plot protein content, respectively.

o1.6 Simple correlations among traits

Simple correlations between the traits measured in this
study were made in an effort to identify the tfaits strongly
related fo 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 shifi in one of the
other traits. Mean 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 hOmogenéous, because correlations
between traits ma& he considered bioiogical.phenomena and thus sub=
Ject to interaction with locations. Fhenolypic 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 locatlons are given
in Table L4,10. Genotypic correlations between yield and protein
content were éalculated for bothllocations, anﬁ were higher than

the corresponding phenotypic correlations (=1,01 and =.697 for
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Saskatoon and Nipawin, respectively), but since no valid test of
significance is available for genotypic correlations, they were
not included in the analysis,

4,1.,6,1.Y¥ield and single plant traits

Yield was significantly (pw .Ol) negatively related to
single plan£ protein content, and proteiﬁ welight/plant at both
" locations, and #egatively related to ylield/plant and haulm prdtein
weight/plant at Saskatoon, Correlations of yield with haulm protein
content and harvest index were low and not significant. Height and
¥ield were not correlated at either location, indicating that one
of these tra;ts may be indépendently manipﬁlated without affecting

the other,

4e146.2 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 slgnificantly positively correlated {p= .0l) with single plant protein
content at both locations. Single plant frotein coﬁtent was generally
Jower than plot protein content, bpt the genotypes were similar
with respect to both traits. At Nipawin, plot protein content was
significantly positively corrslated {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 haulm protein content were low, positive and
nou=significant,

4elebe3 Single plant traits

Single plant protein content was significantly, pesitively
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correlated with protein weight/plant at both locations (p= 405 at
Saskatoony p= .01 at Nipawin) and with haulm protein weight/plant
only at Nipawin (p= .05). Thus, single plant protein content behaves
similarily to plot protein content, Likenise.f the correlation

coefficent bvetween 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 .538f* 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=e,744%** and =,799%%
for Saskatoon and Nipawin, respectively) and with haulm . protein weight/
plant (rs =.571**) at Nipawin, Harvest index was negatlvely correlated
{p= .05) with seed yield/plant only at Saskatoon, The low to modm
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 indica{ed that the proportion of
vegetative dry matter was ﬁhe more important of the two in deter@ining
harvest index.

Height was negatively correlated (p= .05) with 5oth seed
yield/plant and protein weight/plant at Saskatoon, At Saskatoon,
shorter geﬁotypes were generally higher yielding on a single plant

basise The same trend was apparent at Nipawln, but the correlation
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wags not significant, Height was cofrelated {p= +05) with haulm

protein weight/plant at Nipawin but no such relationship existed

at Saskatoon, |
Seed‘yield/plant-was positively correlated (p= ,0l) with

protein weight/plant and haulm protein weight/plant at both locations,

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

and is positively correlated {p= .0l) with protein weight/plant,

this latter corrvelation is not surprising.

Lale6olh Yield and protein content

Yield and protein content were negatively correlated
(p= .Ol) among 25 genotypes at three locations in 1974, as well
as among 22 génotypes grown at Saskatoon for three cOnsecutiVel
years. (Tablgs L4ell 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,
bhol,.? Variaﬁce component analysis

If a random ﬁodel for analysis ls assumed, it is possible
to apportion total fariance into main effects and interactions
which comprise the model as follows:

yi. =u+a +b_+c +ab,_ +e

ik i 3 k ij ijk

where yi = the phencotypic value of the ﬁth genotype at the jtht

Jk location (or year) in the k™ replicate
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Table 4,11.a Correlation coefficients between yield and
protein content of 25 pea genotypes grown
at three locations in 1974

_Saskatoon Nipawin Bellevus
T, =.811%* =e690%# =e759%*
r (%) 658 47.6 576

Table 4,1l.b Correlation coefficients between yield

and .protein content of 22 pea geaotypes gréewa in
three consecutive years at Saskatoon.

1973 1974 1975
ra ';-582** -07‘[!-6** l "'060_3**
bl (%) 33.9 5506 ‘ 36-1{'

** Significant at the ,01 level
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u = the population general mean
a = the effect of the 1th genotype
b = the effect of the jth location (or year)

¢ = the effect of the kth replicate

‘bij = the effect of the 1th genotype at the jth location (or year)
and eijk = the environmental effect peculiar to the 1th genotypé in
the kth replicate of the jth location (or year)

The models 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, raépeetively.
The third order interaction was taken as the error term. The variamce
due to each component for both yield and protein content as calcul-
ated from the analyses of variance is shown in Tables 4,12 a,b and c.

The genotypic variance for yield was negﬁtive, for vhich
the best estimate 1s 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
yleld (64% of the total) than for protein co ntent (19%), 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 2/5 of the size of the genotypic

coaponent.



58

Table 4.12a Variance components for yleld and protein
content of 25 pea genotypes grown in three
locations in 1974

Source Yield variance "Protein variance

Genotype ' ox 2.59
Genotype x location 97,917 1.10
Exrror 55,801 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 ' 64,049 4,60
Genotype x location 2,725 ‘ . .32
Error 63,631 ‘ 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 39,719 2.106
Genotype x year 6,309 0 *
Error 43,529 ‘ 1.539

* Best estimates of negative value,

"

"
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However, when the Bellevue location was removed from the
analysis, the components of variance are altered markedly {(Table
4,12b), The most important change was in the proportion of the
' variance due to genotype x location variance. .That component dropped
from 642 to 2% for yield and from 19% to 4Z for‘protein content. This
decrease in genotype x location variance resulted in a relative increase
.in the genotypic variance component, fron‘zero to 497 for yield and
from 45 to 63% for protein content. Thase proportions represent
broad sense heritabiljty, or the ratio of genotypic to total observed
variance, The exclusion of one location (Bellevue) had a consider-
able effect on the calculation of heritability,

The effect of years on yield and bro:ein content was
quite different (Table 4.12¢). Genotypie variance for jield de-
creased slightly from 49% to 44% compared with the two-location
astimate, and decreased from 637 to Sallfor protein content, These
values represeht an additional estimate of b:bad-sense herltablliﬁy.
The genotype x year interaction variance was 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 1ow‘genotype x year interaction

variance was not unexpected.
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o2 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 (éee Introduction) and also to Bubsfantiate the hypotﬂesis
that the anomalous results at Bellevue (Section 4e1) in 1974 wore
explainable on the basis of immaturity. ‘Thus, the aims of this |
eXperiment were as follows: '

(1) To trace thg accumulation of seed components, namely
fresh weight, dry weight, proteiﬁicontent and starch content,of 25 '
pea genotypes through maturatién; |

(2) To provide information on the yleldwprotein relationships
of those 25 peva genotypes in an adjacent.large-plot study by correlatién
with the results from (1) abovej

(3) To explain the results at Bellevue by correlation wieh the
results from (1) above, \

Leo2,1.Analysis of variance for stage of maturity
The genotypes were harvested by hand as described previously

(Matgrials and Methods) on four dates from ped=filling to maturity,

- i40e July 21 and 28, August 7 and 21, Fresh weight, dry weight,

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

all traits except starch content were subject to analysis of variance
(Table 4413)s The mean wvalues for_each genotype are given in Taﬁles
Lel4 and 4,15. There were significant differences (p= .01) among har-‘
vests and genoiypes, and significant (p= .0l) genotype X harvest interw
actions for each trait. The genotypes displayed similar developmental

patterns, although differing widely in amounts of #ry matter accumulatad,.
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Table 4,13 Analysis of variance for fresh weight, dry
welght, and protein content of 25 pea gono=
types at 4 harvests at Saskatoon, 1975

M.S. M.S8, M.S, protein
Source dsf, fresh wt. dry weight content
Genotype 24 49,985% 18,507%+ 23.24%
Harvest 3 242,114 601,741 LED 7ue
Genotype x Rarvest 72 12,801%+ 3,689 L1 il
Error 100 1,687 963 2.1

** Significant at the .0l 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 # i __2 3 4 Y - 2 4

w703 516 689 578 402 163 295 356 393
Trojan - 220 543 740 367 Bo177 371 360
P.I1.324705 234 384 430 306 38 143 246 275
w718 372 432 292 278 111 218 230 264
MP783 129 334 500 284 33 118 257 248
MP790 286 430 316 262 77 193 246 246
Triumph 150 443 392 258 22 124 199 236
P.I.356837 232 338 347 261 44 128 234 236
P.I1,356846 226 py2 277 240 50 182 207 227
MP789 300 424 323 248 93 195 221 226
MP702 188 374 213 230 45 178 183 214
MP39 68 383 385 226 12 106 259 208
P.I.269812 258 228 259 222 72 180 226 206
P,I.3570Ql 168 349 266 215 38 140 193 200
Lincoln* 418 510 252 208 49 1kl 220 195
Trapper 188 259 186 208 49 1y 158 188
P.1.356885 92 376 320 203 14 126 184 184
P,I.356834 298 301 204 188 82 160 177 178
MP761 298 486 219 188 66 212 184 177
Petit Pois 260 261 162 182 70 164 1y 172
Century 132 321 28 175 25 139 158 163
P.1.206790% 298 390 208 176 60 129 160 160
Dashaway 168 285 200 172 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 41 57 59
* - wrinkle-seeded genotype
Harvest dates 1, July 21

2, July 28

4. August 21
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Tahle 4.15 Days to flower, percent protein and porcent
starch of 25 pea genotypes at each harvest
at Saskatoon, 1975

Percent Protein Perecent Starch

Days to at Harvest Number at Harvesi Number
Genotype _Flower 1 2 3 4 1 2 3 L
P.I.206790* 53 3001 2545 2he7 2740 2047 30.5 32.5 30.5
MP?83 47 30.3 27.6 2Le6 25.2 35.8 40,6 44,1l 42,8
pP.I1,269812 47 27+3 26.8 2542 2he7 3545 4246 43.8 43.3
P.I1.324705 57 33.4 2848 2841 2445 24e9 34,2 35.0 37.9
P.I1.357001 55 319 2647 237 2445 1942 35.7 40.1 39.4
Lincoln* 50 29.1 23.9 23.9 242 234 35.9 34.0 33.7
w718 46 28.4 24.7 24.)l 2348 3h4e3 43.1 L40.9 L43.8
P, 1.356846 53 26,4 25.1 2444 2347 30.3 40.6 41.9 38.9
w703 46 28l 28447 244 2348 3443 431 40.9  43.8
P,I.356885 56 3545 23.9 2240 2343 15.0 39.4 45.6 45.6
Palouse LI-S 28.2 21.3 23.3 25.1 1}0.6 ‘{'304 4303 "1'308
'I'riumph 5? , 34-1 24.4 2309 2301 19.7 11-0.9 ’-IJ+06 %.3
Petit Pois 51 27.6 2443 2544 2248 32.3 4246 2.4 42,6
P, I1.356834 50 261  23¢8 2349 2247 35.7 42.6 43,1 43,8
P,1.356837 57 32.0 26,5 2647 22,4 261 42,9 43,1 42.4
MP790 51 3lely 25.7 2hels 22,1 38.6 L3k 43.6 44,1
MP702 55 3l 22,5 22.4 21.8 29.1 43.8 43.1 41,9
Trapper 51 275 2345 2249 2L.7 3245 4149 43.6 L43.6
" Dashaway 55 259 22.8 22,3 21.5 3he7 L4246 45.1 45,3
MP789 48 26,7 23.3 24e2 2049 3245 4348 45.1 45.)
Tru:la.n 51 : 3503 272 2301{- 20.1!- 22.4 39011- 4303 111.9
MP712 - 5% 26.7 25.5 21.7 20.3 36.2 143.8 45.8 45.1
Century 51 29.6 22.1 21.7 20¢l 2943 443 45,1 45.1
MP39 57 35.2 23.9 18.8 19,8 16,0 36,9 45,1 45,2
MP261 _50 22,9 20,2 20,5 18,2 38,2 40,9 45,6 5L5,8 -
Mean 51.8 _ 29.5 24.5 23.6 22.6 29.9 11.0.? L2.4 ’-l-zt‘-[-
5.D, 346 33 2al L9 1e9 - 746 345 3.6 3.7

' * wrinkle-seeded genotype



\?

¥

64

The first harvest (H1l) on July 21 was 13«23 days post=flowering,

depending upon the genoiype, and was chosen when the latest flowering

' genotype had pods with ovules large enough to perﬁit harvesting.

Fresh weight of most genotypes reached a maximum at harvest
2 (H2) and declined subsequently as the moisture hontent of the sseds
decreased (Figure 441). There were some excapﬁions and these resulted
in the significant genotype x harvest interaction. Palouse, an eariy
flowering determinate cﬁltivar, had a maximﬁm fresh weight at Hl, whereas
MP 783, P.I.324?O5 and Trojan did not reach a maximum until the third
harvest (H3). However, the latter two were mid=late fiowering and
were gsituated 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 lesa fresh weight at H1
than the other early flowering genotypes, indicating a slowep perdod
of development. The range of fresh weight among génotypes was greatest
at H3 and smallest at Hi, 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 éccumulation for dry weight was different
from that for fresh weight (Figure 4,1)s Dry weight more'thaq doubled
between H1 and H2, then subsequently increased slowly, Mean dry weight
at the last three harvests was not significantly different. However,
naxinum mean dry weight was reacheﬁ at HY4 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 6,5%. Thus, percent dry matter was calculated as 100 (dry
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Figure 4.1 Weight of seed components accumulated during maturation.
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welghtw( e 065xdry weight))/fresh weight)e On this basis the mean dry
matter contents for HL to H4 were 23.2%, 3947%y 65425 and 86.8%,
respectively, After Hl the genotypes displayed a markedly similar
pattern of dry weight accumulation and did not differ in dry ﬁeight
btetwoen H3 and Hi, Six genotypes decreased in dry weight frow H3 ?o
H4 and probably contributed to the significant genotype x harvest
interaction.

Mean protein content decreased from H1l 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 %
harvest interactione. MP 761 had a very low protein content (22.9%)
"at H1l in contrast to all other genotypes which were above 25.9%.

MP 761 was also lowest in protein content aﬁ maturity. The protein
content of P,I,206790, a higheprotein wrinklemsceeded genotype;
decreased from 1 to H3, but then increased and was the highest at
maturity. 'The reasons for MP 761 being loﬁ initially and for P.Il,..
206790 increasing at a late stage are not apparents. Although percent

protein content decreased with maturity, the actual weight of protein
increased as shown in Table 4,16 and‘Figure L.},

For starch, both percentage content and weight increased
with maturity, the latter more rapidly than the former, From H2 to

Hiy starch content increased by 4% (1.7 pefcentage pointe; Table L4.15)



65a

Figure 4.2 Change in percentage. of seed components with maturation,
tlean of 25 pea-genoLypes. '
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Table 4,16 Weight (2/plot) of protein and starch accumulated
by 25 pea genotypes at each harveat at Saskatoon,

1975

Welght of protein Weight of starch
at harvest number at harvest number

Genotype 12 3 L 1 2 3 4
w7203 42,k 66,0 82.4 92.0 626 124.9 148.2 172.3
P.I1.324705 12.7 L0.9 69.2 67.2 9¢5 48,6 8640 103.,9
w718 31le5 53.8 55.4 62.7 38e1  93.9 9440 115.3
MP783 10,0 32,3 63.3 62.2 11.8  47.5 11343 105.8
Triumph 75 3042 47.7 5Shey o3 5047 8847 10446
MP790 2he2 49,5 60,0 5h4e2 29,7 83,7 107.3 108.,0
P.I1.356846 13.2 45.8 50.5 5349 15,1 73.9 8647 88.4
P.I.356837 141 33.9 62.1 52.7 1ls5 5409 10044 99.6
P, I.269812 19.6 48.2 56.9 50,9 255 76.7 99.1 89,3
P.I1.357001 12,1 37.4 45.8 48.7 7e3 4949 77.5 7844
MP789 2448 454 53.5 WPk 3042 8545 996 10L.8
Lincoln * 32.0 4?.5 5295 47.2 2507 71.6 ) 74-08 65.8
MP702 151 40.1 43.2 46,8 13,1 78.0 8342 8946
P'I .206790 * 18.1 3209 39 06 ‘-}3.3 12.11- 3904 52.0 48'9
P,X,356885 5.0 30.2 40.5 42.9 2s1 49,7 83.8 83.8
}11’712 12.3 ll-lol ‘lllol ll-acs 16.7 ' 7100 8606 9406
MP39 heZ 25.5 48.8 4l 1e9 3942 116.7 9347
Trapper 13,5 33.2 36,0 40,5 1549 5940 6845 8l.5
P.I 035683"} 21.4 3801 l|-2.}+ ﬁO.l} 2903 : 6802 ?593 7800
Century 704 500? 3402 3208 7.3 6106 7102 73'5
Palouse 32.2 29.0 31l.2 32.8 5643 58.9 58.1 6242
MP261 15,1 2 25,2 86 8 81
Mean 17.2 39.8 503 494 194 - 67,0 90.3 9246
SeD. lil 1941 25,1 2643

* wrinkle-seeded genotype

95 93 Lhke3 1549
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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),
respoctively, in the same periocd, Increases in dry weight, weight
of protein, and weight of starch were small or negligible between
H3 and HY4ys In other words, by 28 to 38 days after flowering
accumulation of the major seed components was virtually complete.

Le2,2 Simple correlations between harvests for various traits

Correlations between harvests for variousAtraits were studied
in an effort to characterizeldevelopment with maturity, Correlations
ﬁetween harvests for fresh weight, dry weight, protein content‘and
starch content are shown in Table-4.17. Dry weight ét Hl was pos;
itively correlated {(r= .01) with dry weight at.Ha. Likewise, fresh
weight and protein content were correlated (p; .05) betweeﬁ the two
harvests, but starch content was not. None oflthe traifs was
correlated between HL agd the last two harveéts. The values
obtained at H2 were all correlated (p= .05 and = ,0i)) to correspond=
ing values at H3 and H4, but the coefficients were only moderate, Thus
by H2, a characteriétic pattern for eéch genotype was beginning to
emerge, Correlations for each trait bhetween HZ and H4 and beiween
H2 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, final genotype values for
fresh and dry weight (yield) were well establiished by H3, but protein
and starch content values were not., Both these latter traits under=
went changes among genotypes between H3 and H4if. Thus, the genotypes

in this experiment had remarkably similar patterns of deposition of seed
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Table 4.17 Simple correlation coefficients between
harvesis for fresh weight, dry weight,
.protein content and starch content in
the developing seeds of 25 pea genotypes

Harvest Harvest number
number Prait 1 2. 2
F. wt. «1450%
2 D. wt, + 7888w
Protein % - 0465'
Starch % «096
F. 'to "0021 QGBO*'
3 " De wta 0199 o!i-l!-a*
Protein % 073 «699**
Starch % «021 «555%
Fo wt,. «268 Y «8G5%*
D, wt. 284 . .535% 93] %%
b Protein % 178 «509% 648
Starch % «136 «591% o 71O**

* and ** Slgnificant at the .05 amd .01 level respectively
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components, allowing for inifial differences in days to flowering.

4e2.3 Simple correlations between traits within harvests

Simple correlations between traits ﬁithin 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

2 2 3 L
Fowloe:Dewte ' 361 ¥+ 512%% «S22%% «0035%%
Days to flower:F.wt. cwe630%% o,118 - wa052 -.179.
Days to floweriD.wte e T3u%% L 58% ~, 210 ey 205
Days to flower:Protein % ‘ S7urE @ 273 w038 -, 093
Days to flowexr:Starch? = G2h%% o 36] o Q43 —el23
D.wt:Protein % ~e556%* =, 313 -,081 -. 020
De.wtiStarch % «395%% w204 «015 -, 021
Protein %: Starch % = 777 =, F06% =y 510%% =, 0O6%%

*¥ and ** Significant at the ,05 and ,01 level, respectively

welight and dry weight were positively correlated at all harvests (p= .01l).
The lower correlation at HZ2 occurred when fregh weight was at 2 maXxi= .
num. Days to flower were negatively correlated with fresh weight,

dry weight and starch content at Hl (pé »01) and with dry weisht at

H2 (p= +05), since these traits increased with maturity in the short

term, Protein content was positively correlated with days to flower

at H1l (p= .0l). Since percent protein decreased over time, the
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positive correlation mereiy reflected the immaturity of the later
flowering genotypes, Dry weight was pegatively correlated with
protein content (p= ,0L) and positively correlated with starch
content at H1 {p= ,Ol}s Protein content and starch content wére
negatively corre1a£ed (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= .0l) and of opposite sign
at Hl, However, these relationships did not extend to later harm
vesfs where correlation coefficients between protein content and‘starch
content wers lower than at Hl, but still significant. Dry weight (yield)
and protein content were not correlated after H1l in this studya

At H3 and H4, fresh weight and dry weight were positively
correlated (p= .0L) 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,

Lbe2e4 Relationship of the matuwity study to the largewplot study
in 1975

Plots measuring 4.8 by l.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 with 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 éll-
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Table 4.19 Analysis of varlance for yield, protein content -
and prptein yield of 25 genotypes at Saskatoon,

1975
Source def, M,S, yield ~ M,S, protein M.S, grotein yield
Genotypes 24 160721 ¢+ 4 66u% b, 2U5%% |
Replicates 2 22668 1.14 528
Error 18 48061 1.21 2,76k

TOTAL I3

** Significant at the ,01 level
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Table 4.20 Mean values for yield (g/plot), protein content (%)
' and protein yield (g/plot) of 25 pea genotypes at
Saskatoon, 1975 '

Protein yield -

Genotype Yield g/plot Percent protein _&/plot
MP39 2259 22.9 519
MP789 2145 22.5 482
MP712 2098 22.5 471
MP761 2084 2340 L7y
w703 2054 23.7 487
Petit Pois 2024 2ha3 . 491
Century 2005 23.7 L76
P,I.269812 2005 : 235 475
MP783 1990 235 : 468
MP790 ‘ 1953 22.8 446
MP?702 1389 22.9 434
Trojan 1862 , 25.14 : 475
P.I.357001 1862 25.6 477
Trapper 1814 23.7 429
Dashaway 1812 . 23.1 517
w718 1752 23.8 18
P.I.356885 1706 23.4 401
P.1.356846 1593 ‘ 253 404
P.I.356834 1555 2547 ' - 368
P.X.224705 1526 2647 i 406
Palouse 1519 23.0 350
Lincoln 1483 25,0 370
P,1,206790 1429 2647 381
Mean 1834 2549 437
s5,D, : 455 1.2 46

.V, 1L.9% 4o 6% 12.0%
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three traits and their performance was similar to that of the same
senotypes grown at Saskatoon in the two preceding years (Table 4.7).

Simple -correlations between fraits are shown in Table 4.21l. Seed

Table 4.21 Simple correlation coefficients between
yield, protein content and protein yield
of 25 pea genotypes at Saskatoon, 1975.

Seed ~ Protein : Protein

yield _content yield
Seed yield : - 56 ## 0 G25%%
Protein content ‘ ) -a253

** Slgnificant at the ,01 level

yield and protein content were negatively correlated (p= «01).

" Protein yield was positively correlated (p= +0l) 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 L.22. There

Table 4,22 Simple correlation coefficients between the
maturity study and the largewplot study at
Saskatoon for yield and protein content of.
25 pea genotypes

Harvest number

1 2 > L
Yield:dry weight =-el16 «039 269 «189
Protein %:Protein % 252 e 556 *% «SLO** s D51 ®¥

** Significant at the .01 level




"

was no reiationship whatscever between yield of the large plot study
and dry weight at any of the harvests in the maturity study. The
correlations between the two experiﬁents for protein content were
positive and significant (p= .01) at all harvests except Hl;

HheleS Relatjonship of thé maturity study to the 1674 Bellevue largew
lot stud

The third objective of the maturity study was to relate the

findings to the yield and protein contentg of the same genotypes grown
at Bellevue in 197h. Accofdingly, vield and protein data from the
.1974 Bellevue large plot study were correlated with yield and protéin
data, respectively, from the 1975 maturity study.over the four hare
vests.. Yield at Believue in 1974 was correlated (p =.01) with yield
of the same genotypes at H1 and H2 at Saskatoon in 1975 (Table 4.235.

1]

Table 4423 Simple correlation coefficients of yield and
protein content,ag- 6 hsrvest dates, -and days: to .
fleower at: Seskateon;1975,with yield and protein -
content at Bellevue,1974.(25 genotypes)

-Sagkatoon
Harvest number Days to
Bellevue 1 2 - b4 flower
Yield L626%%  ,551%% 011 116 =a758%x

Protein % ‘ o4355% «485% « 504 459 «48L¥

* and ** Significant 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 daté af the first two harvest
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stages, suggesting that the 1974 Bellevue experiment was harvested

at a stage physioclogically couparable to H2 (20«30 days post flowering).
The negative correlation (r= =,758%%) between days to flower at Saskm
atoon in 1975 and yield of peas atlBellevue in 1974 further supports
this by indicating that the later flowering genotypes were the

lowest yielding.
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hoe3 Heritability of agronomic traits, protein content and methionine
content '

i
As outlined in the Introduction, the objectives of this study

were to cilcuiatehheritabiliiy estimates for several agronomic traits,
profein 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 conteﬁt, partice=

ularly as they relate to breéding strategies for protein improvement,

4o3.1 Anélxsis of variance for agronomic traits, protein content and
methionine content '

Yield, seed weight, days to flower, protein content and
methionine content dfithe 19 parents and 21 Fa‘p0pu1ations in this
experiment (see Materials and Methods) were measured. Methioniné
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 %).Z
The analysis of variance for those traits is éiven in Table 4.2§'and
the mean genotyp® values for each trait of the parents and Fa POPu=
lations are given in Tables 4,25 and L4.26, respectively. There were.
significant differences (p= .0l and = .05) among'ﬁarental genotypes

for all traits measured. However, amnong F. populations neither

2
protein content nor methionine content differed significantly.
There were significant differences between replicates {ps .0l 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 (Tables 4.25 and 4.26) and variance (Table\#.Z?)

of the F2 populations were generally smaller than for parents.
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Table 44425 Mean values for aix traits of 19 parental
- ... .lines of veas at Saskatoon, 1975. . _ .

o

Yield Days to Seed weight Protein mg.met/g ng met/g

Genotype . __g/plot flower  £/1000 seeds % meal protein
Triumph 952 55,5 276.,5 2440 1.86 77
MP706 915 49.0 208.5 2546 2.00 +78
P,1.164853% 844 49,0 192.5 2945 2.2 «76
NRC335=338 829 45.5 14d.5 27.6 2.10 «76
MP39 810 55.0 130.5 2644 1.96 74
NRC 89-304* 770 51.5 21440 28.9 2.31 280
Ceger 767 48,5 221.5 25.7 1.86 72
Century 760 50.0 21l4.5 2he7 1.83 74
Vw188 752 47.5 289.5 2443 2,00 .82
P.I1.324705 749 55.5 121.5 2846 2410 73
P.I.210768% 749 '50.5 235.0 28,9 2.20 77
Trapper 709 11-805 129.5 24.2 1087 77
Vedetteo 696 4045 23045 2346 1.78 «75
KRC89m29 7 688 50.5 215,0 294 214 73
P.I,210675% 686 47.0 265,5 29.1 2.4 «83
P,I1.179969 571 46.0 94,0 27.8 2,00 W72
P, I.206790% 556 51.5 298.5 28.0 2,31 83
NRC210=49W Lhly 450 8245 2843 2.04 72
Tiny * 419 46,5 102,0 30,9 2432 275
Mean 79 49.1 192.8 271 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 for six traits of 21 F, populations
of peas at Saskatoon, 1975

Yield Days to Seed weight Protein mg .met/g mg‘.-met/g
EZ Foyulation __2/plot  flower £/1000 seeds % meal protein
a8 x MP705 1043 4845 231,90 2643 1,90 72
P.1.210678 x Trapper 894 49.9 183.5 2649 1493 72
P.I1,210675 x Trapper 871 49.0 216,0 2546 2.04 +80
W188 = Trap'per 8?0 4805 2070 2540 1086 o?ll-
FRC9=297 x Trapper 859 4945 169.0 26e2 2.12 +«50
88 x MP39 817 485 210,0 25.9 1.935 75
NRC89=304 x Trapper B ) 50.5 182.5 2546 2.00 «78
P, 1.324705 x MP706 813 49.0 135.5 2Te2 2.09 o 77
P.1.206790 x MP39 802 49.5 193.5 2649 2,05 76
P,I1,206790 x Trapper 752 48.5 20245 273 2.05 «75
P.IoEOG?% X HP'?OG ?38 4900 226.0 3702 2005 .?5
P.1.179969 x Ceser 726 45.0 145.5 2647 1.99 T4
P.I1.164853 x Ceser 717 4840 21445 27.2 2,01 = W7
P010206790 % Ceser 713 48.0 293.5 25.8 1093 . 75
133 x Ceser o994 49.0 289.0 25,2 1,86 74
P.1.324705 x MP39 619 55«5 131.5 2641 2,00 «76
Tiny x Ceser 594 48.5 167.0 2549 2.00 77
NRC210=49¥ x Trapper 252 45.5 109.5 270 2404 +76
Maan 751 1}900 191.3 2602 1099 0?6
Stde. deviation 131.1} 2.5 %03 0086 «07 «03




Table 4.27 Mean and variance of six traits in parental and
Fa populations of peas at Saskaloon, 1975
Trait Llass Mean Variance
Yield (g /rlot) Parents 719 19711
F2 populations 751 17250
difference S2,0%%
Days to flower Parents 49,1 14,48
Fa populations 49.0 6,15
difrefence 0.1
Seed weight Parents 192.5 4679
(g - /1000 seeds) fg populations 191.3 2145
difference 1e5
Protein content (%) Parents 27.1 4493
E@ populations 2642 736
difference PR Al
mg methionine/g Parents 2.07 +036
meal, Egrpopulations 1.99 «005
di.fference +08
mg methionine/g Parents «76 L0001
protein FE populations 76 +001
difference «00

** Significant at the .01 level by the

t test
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2
than for the parental class (Table 4.27), indicating possible

However, mean yield of the F_ populations was L.5% greater

_doninance. In additien, ﬁhe range in yield of the F, populations
f452 to 1043 g/plot; highest 131% greater than lowest) was similar
to that of the parental class (419 to 952 g/plot; highest 127%%
greater than lowest) even though the variance was slightly smaller
(Table 4.27). Thus, it was apparent that yield, alone among the
traits measured, malntalned a large proportion of the observed among-
parent variability.

Mean prdtein content of FZ populations was 0.9 percentage
points lower (p= .0l) than the parental mean and variance underw
went a 7=fold reduction (Table 4.27). The parental range of 23.6
to 30.9% protein (highest 31% greater than lowest) was very narrow
relative to the range in yield and led to an even narrowsr range
among the F, 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 were high in protein content and vice versé.

There was a 15 day range in days to flower among parents
{Table 4.25) which was reduced to 10,5 dajs 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 fhat they werg derived
from late=flowering parents which did not differ in days to
flower, The reduced variance among Fé populations {Table 4.27) is

indicative of the intermediacy of the progeny means between parental
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values,
Seed weight of parents (Table 4.25) ranged from 82.5 to 298.5
g/1000 seeds (highest 262% greater than lowest), This range ié
double that for yield among the present genolypes and about eight
times greater than the range for protein content, Among E

2
(Table 4426), the range decreased to 109.5 to 293.,5 g/1000 seeds

populations

(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.I. 206790 x Geser FZ’ which
has a mean seed weight equal to that of its larger parent. The
variance among F2 populations was less than half the variance ayeng
parents {Table 4.27) and the mean of the two claéses was virtually
identical.

Amorpy parents, both methionine content traits exhibited a
very narrow but significant range (Table 4.25). The range in
ng 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 F_, populations the range of methionine as mg nmet/g

2
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 on
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 proiein content before comparing these two groups for
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mg met/g protein, Both methionine trailts were regressed on protein
content and the regression values are shown in Table 4.28. The
regressicn of methionine as mg/g meal on protein content was positive

and significant (p= .10to .05), but the regression of methionine as pers=
cent of protein on protein content was negative and highly significant.
These regressions show that as protein content increased, methionine con=
tent of the meal increased slightly, but methionine content e#pressed

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 ¥, populations of 21 pea crosses at
Saskatoon, 1975.

Methionine as mg/g of meal on protein % 0265 L0138 1.921
Methionine ac mg/g of protein on proteia 2 . .,0186 .0051  3.623%*

Le3.% Comparison of smooth-seeded and wrinkle-seceded parents

Mean values of each trait of the seven wrinkle-seeded.genotypes
were compared with the mean values of the remaining ia 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 cow
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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methionine content ¢f wrinkle~=szeeded génotypas 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 1e§e1-of methionine
found in the genotypes of this experiment was extremely low,

44,3.4 Correlation analysis

Correlaticns between protein content aﬁd the other plant
traits provide ihformation 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 F. population classes and these correlation

2
cocefficients are given in Table 4.30. All correlations were of low
order and generally non=significant. The exceptioﬁs were yield and
protein content which were negatively correlated (p= .05) for all

entries and the parental class but not for the F_ population class,

2
Yield was correlated (p= .05) positively with seed weight for all

entries, but not for the parental or F. population classés. Protein’

2
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 see@ welght. Mg

met/g meal was positively correlated (p= .0l) with percent protein,

That was to be expected since higher percent protein would mean
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Table 4.30 Simple correlation coefficients between yleld,
goed woight and protein
content of peas at Ssskatoon, 1975

days to flower,

Protein Days to
Yield content flower
Protein All entries (n=40) o, 346%
content Parents (n=19) =, 455%
Fa populations (n=21) «,133
Days to A1l entries (n=40) 254 =.033
flower Parents (n=19) .428 =e055
F, populations (n=21) =,061 «370
Seed A11 entries (n=40) .342%* =246 =058
weight Parents (n=19) .396 e 296 =149
F, populations (n=21) .286 -e256 -, 078

* Significant at the .05 levetl
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Table 4.31 Simple correlation coefflicionts between
two methionine traits and yield, days to flower,
peed welght, and protein content of peas at
Saskatoon, 1975. &40 genotypes :

Protein Days to Seed ng net/g

Yield gontent ~  flower wolght rotein
mg met/g meal  =.271  ,733%* 072 =031 J450%*
ng met/g protein 079 =112 090 *335% '

* gnd w* 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 gquality. This trait is
not related to protein content, Thus, protein cOntenf and methionine
as a percent of protein could'probably be improved simultanéously
without negative interaction.

4,3,5 Heritability estimates for agronomie traits, protein content
and methionine content

Heritability of protein content in legume seed crops ranges
from zero to #ery high (see Literature Review). The reasons for
this range include different methodsrof estimation and differences
in non=genetic and genetic variation, ‘

The value of the regression coefficient of Fa mean on mide

parent value is numerically equal to heritability in the narrow
sense (Falconery 1960). The data from the present stﬁwm'mvan in |

Table 4,32 and Figures 4.3 to 4.8 .

Table 4.32 Narrow sense heritability of yield, days to
flower, seed weight, protein content, mg met/g

meal and mg met rotein among 231 - ~ pea
crosses
Days to Seed Protein mg met/g mg met/g
¥Yield fldwer weight eontent meal protein
Hentability h2=b .60839 8 0800** ; .9?0** “ 0411'9* .LI-SG* -.05511 5.

* and ** Significant at the .05 and .0l level, respectively
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Figure 4,% Regression of F, on mid-parent days to flower
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Figure 4.7 Regression of ¥_ on mid-parent mg met/g meal

2

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 cogffic-
ient (Fige 4.3)e Days to flower was highly heritéble (b= 800%% ),
The F2 values showed very gdod agreement wifh the.mid-parent, as
evident from the regression line (Fig. 4.4). Thié indicated that
simple additive gene action controlled days to fldwer. Three Fé
populations flowered approximately two days before their mid=parent
value but, since there were no common parents, this could not be
taken to indicate nonwadditive genetic effects fof the control of days
to flower,

Heritability of seed‘weight was very high (b= .9?0***,_Table
4,32}, indicatiné excgllent agreement with the regression line
(Fif;". 4.5} Thus, seéd weight was additively inherited and inter=
mediate between parents, Although six Fé populations deviated
strongly from the regression line, three in each direction, none
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 popﬁlations with Ceser as a parent, dominance
for high séed weight was indicated but in the other three populations,
Fa values were intermediate, C(esar ﬁas the male parent in all crosses.
Maternal effects were ruled ¢ut as the maternal parents involved did
not show similar effects in the other populations where thay were Lthe
female parent, |

Heritability of protein content was.moderate (b= «L49*),

indicating that this trait was generally intermediate between parents
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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 linel(Fig.Q.l)
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%, Fig. 4.7). ﬁ;wever, when methionine
coniant was expressed as a percent of protein, it was no longer
heritable (be =.055, Fig. 4.8 ). As noted previously, mg met/g meal
was highly correlated with prbtein content (Table 4.31) and it
is possible that the heritability value may in fact be another
"~ estimate of heritabilityrof protein content.rather thanr of meth=-
ionine content. Since methiocnine expressed as a percentage of
protein more accurately reflects protein quality, the fact that it

is not heritable has important ramifications for breeding strate

egies,
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Loy 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 séarch granule size and
shape, Shia (1976) added protein content to that list, reporting
that wrinkle~seeded peas were'approximately three percentage points
highér in protein content than smooth-seeded sibs in progenies from
three crosses, He also found that the wrinkle=seeded tyfes were -
lower‘in yield, seed weight, and starch content and attributed the incré-
age in protein content partly to the diminution of these other traits,

- This present study was undertaken as an integral paft of

Objective Two (see Introduction) to examine the effect of seed shape on
seed weight and‘its consequeht influence on protein content, especially
following the apparent anomaly between the resulis 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—éeeded pe#é.
However, the wrinklewseeded parents were higher in seed weight
(section L4e3.3), where Shia (1976) reported that the wrinkle=
seeded progenies were lower in seed welght than the smooth=seeded
peas with which they were compared.
haltel Seed weipht of varents and progeny of segregating populations

Seven of the pérents in the previous heritabilify study were
wrinkle-seeded and 10 of the FZ populations were segregating for
;seed shape. These parents and F2 populations werse used to examine

the effects of seed shape on seed weight and, indirectly, protein
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Mean seed weight for parenis and progeny - of the 10 F_, populations

2
segregating for seed shape is given in Table 4.33. As noted in the
heritability study, mean seed weight of the Fa populations was
intermediate beiween the‘parents and ih fact was no different from
the mid=~parent value, However, when the populations were subdivided
into smooth and wrinkled seeds, the mean seed weights of those groups
differed by 30.3 /1000 seeds (p= .2 to .1}s Within each FZ popule
ationy wrinkled seeds were lower in weight than their smooth counterw
parts and lower than the population mean., The weight differential
was 14%., However, wrinklee-seeded parents in 8 of the 10 crosses

were heavier seeded than the smooth-séeded parents by .an average of
?6.5 g/1000 seeds, or 46% {p= .0?5). Thus, in two generations there
has been a complete switch of the association between wrinkied seeds

and high seed weight to wrinkled seeds arnd lower seed weight.

Gelte2 Number and size distribution of smooth and wrinkled seeds

£rom segregating populstions

In order to test the possibility that the wrinkled

seeds had a lower 1000=seed weight by virtue of a different size
distribution from smooth seads, 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 tralt in the F3 generétion (Table 4.34).'
The weight and number of seceds in each size categorwfareugttenfin‘
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 4.34 Number of smooth and wrinkled seeds in 10 F
populations from crosses between ootﬁ-
and wrinkle=seeded parents

Smooth seed ng,

Wirinkled seed no, Total Chi-squared
Population observed expected observed expected npumber 5:3
P.I1.206790 x MP706 848 1083 2040 1805 2888  81.8(.005)
P,1,206790 x Trapper 990 1073 1872 1789 2862 10.32(.005)
P,1.206790 x Ceser 889 859 1403 1432 2292  1.6'(e25=el)
P,1.206790 x MP39 1773 1605 2508 2676 4281  27.9(.005)
NRC89=304 x Trapper 1035 1713 3523 2854 4567 1429.6(+005)
NRC89=297 x Trapper 2121 1722 2472 2870 4593 147.6(.005)
P,1.210678 x Trapper 1589 1878 3428 3129 5008  75.5(.005)
P,1.210675 x Trapper 1375 1308 2112 2179 3487  5.5(.01)
P,I,164853 x Ceger 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.I, 206790 x Ceser. Over all populations, the number of wrinkled
seeds was less than expected.

The Chi=square test for independence is presented in Table

4¢35. The null hypothesis Iaé that seed size distribution was indep=
endent of seed shape. The null hypothesis was rejected in all popul-
ations but one. Thué, seed size was dependent on seed shape in al;
F, populations except P.I. 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 1s not evident in Table 4.35
where seed gize is compared-instead of seed weight, Fuarther,
Table 4.35 showﬁ 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 coulﬁ have contributed to the
mean weight differential,

When seed welght determinations were made for each size
category, thé heavier seed weight of the smooth seeds was again
evident (Table 4.36). Thus, in esach size category, where smooth and
wrinkled éeeds have the same external diametér, wrinkled seeds are
lighter than thelr smooth counterparts. Seed gize and seed ﬁeight
are not synonymous, especially when comparing smoothe and wrinkle-

seeded peas,
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¢S5 Variation in protein content and other traits among 1071
genotypes from the U,S5.D. A, World Pea Collection

In 1975, 1071 genotypes waré grown in 17, Z-replicate
8x8 partially=-balanced lattices along with the check varliety Trapper
in each lattice, Bartlettls test for Homogeneity of error variance
showed that the separate lattices could not be combined for a complete
analysis of variance, Thus, an analysis ot variance was performed on
each 1§tt1ce separately. To obtain distribution curves, genotype
values were converted to a percentage of the latiice mean and then
analyzed for skeowhess and kurtqsis. Correlation coefficients between

the traits were calculated on a single lattice basis.

Le5e1 Analysis of variance for yield, protein content, protein yield
and msed weight

‘Analysis of variance and covariance was performed for
each trait in each lattice, Where relative efficiency was greéter
thenm 100 relative to RCBD, the genqtype'méané wore adjusteds They
were then tested for significance by the approximate=F test, The
1L.5.D., value was Bayesian (Duncan, 1965) which tends to avoid type II
errors when the F ratio is large and_£endé to avold tjpe I errors when
the F ratio is small. |
4.5,1.1 Yield

The analysis of variance for yleld showed that there:
were significant differences among genotypes in all but two of the’
lattices (1atticés 2 and 4, Table 4.37). The efficiency of the
partially balanced lattice design ranged from 91,5 to 160,1% relative’
to RCBD, However, in most of the lattices the value was juét slightly

" greater thaﬁ 10Cs Two lattices were exceptions with efficiencies of

12549 and 160.1, Only three were noticeably less efficlent than RCBD.

r’iﬁft!ﬁﬁ mean yield qanged from 593.6 to 11#8.4 g/plot, Three of the
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4437 Data from analysis of variance for yleld in 17 partially
balanced 8x8 lattices at Saskatoon in 1975

: Relafive
Lattice efficiency
i Yield M,S,  vs.RCBD Mean g/plot L.S.D, CoVo%
1 4938w 102.1 - 75647 185.5 12,2
2 26637 100.0 760.0 27448 17.9
3 27091* 100.3 687.8 247.4 1749
4 37880 91,5 651.2 33645 25,8
5 LEGOL R 102.3 68640 27646 20,2
6 39212%% 1004 698.8 20049 lhel
7 59025%+ 98.0 814.5 204,6 12.6
8 50905 %« 103.6 91543 25842 14.1
9 67526%% 125.9 114844 2745 11.9
10 1244864 100.2 1040,1 273.8 13.2
11 14882%+ 160.1 59547 14045 11.7
12 20483+ 99 .9 696.8 160.5 11.5
13 22091 n+ 10844 617.6 - 199.7 16.0
1y 19710%% 10646 ?724.6 164ek 11.3
15 287254+ 9445 631.6 158.4 12,5
16 1304 5%* 100,.5 6945 152.3 10,9
Y, 12450%* 108,7 59326 138,35  31a6
Mean 74760

* and ** gignificant at the .05 and .0l level of F, respectively
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lattices, nos. 8, 9 and 10, were situvated in & moist hollow and they
had more available water than the other lattices, Consequently, the
genotypes grew taller, matured approximately two weeké later, and
yielded higher than genotypes in the othaer 1attices;r Coefficients

of variation {C.V's) ranged ffom 10.9% to 25.%% and averaged 14.5%.
Eleven of the values were 16% or beloﬁ, which may be considered accept.
able for twoereplicate tests‘involving a considerable number of geno~
types, Genotiype wean yields are shown in Appendix é.

445.1.2 Protein content

There were highly significan£ differerices 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 éfficiency values close to iOO, indicating
that variability for protgin within riots was not greatly reduced byn
the lattice design., It also indicates that local variability over ihe
area of the iattice was 'not very great except in one case (lattice
no. 6) where the efficiency was 126.4%,

Mean protein conteﬁt.of each lattice ranged from 24,5
to 27.6% with an overall mean of 26.,1%. Thus, piotein content was
much less variable anoné the lattices than-yield. C.V's for protein
content were low, ranging from 2.8 to 4.9%. QGenotype mean protein
contents are shéwn in Appéndix Ze
beDele3 Protein yield

Protein yleld was calculated from yield x protein per=
centage and expressed in grams/plot. Analysis of variance (Tsble 4.39)

showed that results were very similar to the results of yield on a lattice
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Table 4,38 Data from analysis of variance for protein
content in 17, 8x8 partially balanced
lattlices at Saskatoon in 1975

Relative
Lattice Protein officiency Mean _
£ M.S, ¥5s ECBD protein % L.5,D, CoVo
1 3.25%% 8445 2644 2424 42
2 2,16%% 113.1 26,0 1.79 Skt
3 5e554% 102.3 2549 1,78 3ok
I AR 100,0 26,1 2,08 440
5 7.09%+ 102,3 26.7 2.07 349
6 6e.57%* 126.4 2648 1.81 Sek
4 Se00%## 108.7 2644 . le47 2.8
8 4o 1ges 100.1 25.7 2,17 he2
9 [ 28%* 103.9 2445 L 242 4.9
10 5.84%%  100.5 26.1 178 34
11 2,89%% 93.6 2546 1.79 345
12 34364 87.4 26,2 2.10 o0
13 [, 88n* 89.1 27.4 2.05 37
14 5el5ee 99.8 25.9 2,12 ol
15 Se24%* 91,0 23545 254 4.9
16 1.80%+* 100.1 25.3 174 3okt
17 Lo 75%% 100,0 27,6 1.88 Bl

Mean ' 26.1

* and ** Significant at the .05 and .01 level of F,respectively
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Table 4,39 Data from analysis of variance for protein
yield in 17 partially balance 8x8 lattices
at Saskatoon in 1975

: Relative Mean yield
Lattice Yield of efficlency of protein

_E protein M,S,  vs, RCBD g/plot L,8,D, _ C,V,
1 281%% 100,1 198. 5440 13.5
2 1491 99.9 196. 68e4 17.3
3 1545+ 100.0 177. 60,7 17.0
4 2253 o 92.7 - 169. 8243 24435
5 | 3683 101.0 183 - 75k 2046
6 2502+ 103.8 186. . 5544 1449
7 2339%+  100.1 21k, 55.0 12,8
8 2804%* 103.2 234, 61448 13.8
9 3583 . 107.0 280. 7749 1349

10 6572+ 107.5 269 67.3 12,5
1 835%*  154.6 152. 37.3 12,2
12 13754+ 100,0 182 4643 12,6
13 15524+ 10649 108 S5te3 1640
14 QLS+ 112.3 187. - 82,7 11,3
15 1545%# 93,0 160 Wil 13,7
16 911+ 103.7 175 40,5 11.5
17 LY 113,00 _ 163, 362k 21al

Meoan 194

* and ** Significant at the .05 and .01 level of F,respectively
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basis. Again, in lattices 2 and 4, senofypes were not significantly
different for protein yield and the level of significance in lattice

3 was .05 compared to .01 for ali 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 followed
C.Vis for yield very closely. The élosa relationship between these two
traits will be described later (section 4.5.6). Mean genotypic values

for protein yield for each of the lattices is giver in Appendix 2.

LeSelok Seed weight
There were significant diffe:enéea (p= «005) in 200-seed

weight among genotypes in all lattices (Table 4.40), Although the range
in seed weight of individual genotypes was considerable (see &ppeﬁdix
2), the range of latiice means was not, indicating that the genotypes
were randomly distributed among the lattices with regard to seed weight.
For this trait there was no mirked or conslstent increase in the sffice
iency of the partially balanced lattice design, which is similar to the
findings for the other tralts. Mean C.V. was relatively low (6 to 7%), but
the range among lattice ﬁean C.,V. wag greater than that for the other
traits. This was dus in part to the use of an electronic seed counter
for the genotypes in lattlce no., 7. When the machine was subsequently
found to be inaccurate, its uée was discontinued. Seed counts of
genotypes 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 numba; of genotypes
under rejlicated conditions was to evaluate the diétribution of |

yield, protein content, and seed weight over a wide genetic hase.
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Table 4,40 Data from analysis of variance for seed welght in 17
partially balanced 8x8 lattices at Saskatoon in 1975

Relative
Lattice Seed efficlency Mean 200w
# woight M,S, VS RCBD  seed weight T,S,D CoV,
1 288.9%¥ 91.3 3345 347 545
2 289,5%* 88.4 332 5.9 ~ 8.9
3 202,8%% 1045 3649 2.7 3.6
4 131.0%* 100,2 315 2.4 3.7
5 122,5%* 160.1 377 L2 546
6 143, e 100.3 1.0 345  he3
7 218.1%+ 1000 43,1 10.6  12.3
8 NS 105.3 VAR 645 742
9 293,84 106,1 3744 48 645
10 365.5%% 87.7 3347 B5 646
11 251,1%# 9548 3ha2 7.7 11,2
12 281,5%¢ 96.0 3448 . b9 7.0
13 136,54+ 100.4 3642 5.3 742
pTA 174.7%% 99.0 3540 £9 7.0
15 688,6%* 9l.1 h3e? 39 el
16 20646%+ 97.2 , 4he2 545 642
17 151, 3% 106,9 40,5 540 €51
Mean . 377

as#s Sionificant at the .0} level of F
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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 considersd
that individual genotype means from all lattices could not be combined
to produce a valid distribution curve for that trait, Since yield
was associated with yleld of protein and prgtein content, non=genetic
variation in yield would lead to spurious digtribution curies‘in those

traits too.

The licensed cultivar Trapper had bheen included in each
lattice for use as a conversion factob 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 enviromment (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 éeﬁotfpes in each lattice were
closely felated (r= +.,878**), the relationship for protein content
was only moderate (r= +.577*). Thus, Trapper protein content was not
strongly indicati#e of the mean levels of protein coantent in a given
lattice, ' The range exhibited by Trapper over these 17 lattices, 24%,
was relativelﬁ.high, compared to the variation in protein coatent
shown by this variety in Coﬁperative Tests across Canadﬁ; 140.1971 =
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 ag a conversion factor.
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Table 4441 Relationshlp between Trapper mean and lattice
soan for yleld and protein content

Lattice Mean yield g/plot Mean protein %

# Trapper Lattice Trapper Lattice
1 858 757 2549 264
2 887 760 25.4 26.0
3 849 688 25.0 25.9
4 643 651 2449 26.1
5 889 686 26.1 26.7
6 592 698 2749 26.8
? 983 814 2546 26e4
8 1032 915 2446 25.7
9 1258 18 - 2245 2445
10 1173 1040 2ke3 . 26
1n 711 596 231 2546
12 689 697 2549 26.2
13 727 618 . 25.6 27.4
14 903 725 2le0 : 259
15 888 632 254 25.5
16 866 692 26.1 25,3
17 691 594 2546 27.6
x 861 747 25.1 26.1
b 1.03%= +,14 «96%%, 35

r o378 %% N

* and ** Significant at the .05 and ,01 level, respactively
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Hence, genotype mean values for eéch trait were converted
to a percentage of the lattice mean for thoseltraits and then #11
genotypes were combined to provide distribution curves,. Presumably,
the laftice meén provided a reasonable esfiméte of the environment
(or non=genetic variationj over the area of that latticé, gince it
cantained 64 randomly assigned genotypes énd, thus, would not be sStrongly
biased by gemotype x'énvirqmnent interactions.:
LeSe2.1 Distribution of yield |

The distribqtion curve for yield of 10?1 genotypes closely
resembled a nqrmal distribution (Figuré 4.9 e Mean, median, and
node were essentially identical. Yield of gonotypes rangedlfrom 3.6
to 172,4% of the mean, ie€s a 4=fold difference from lowest to highest,
The curve was‘negatively skewéd {p= +02), iees.to the lower end, Eut
the skewness was not particularly evident by eye. The test for
kurtosis wag negative (p= .01); indicating that there were fewer
vélues close to the mean and far from it than expected, 1In othef

words ythe central portion‘of the curve was broader than normal.

Le5.2.2 Distribution of protein content
The.distributiqn cufve.for protein content also closely
resembled a normal distribution (Figure h.ya)( Mean, median and
mode were gimilar, 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
cuive as indicated by the skewness (p# ;1). The range in protein
content among the 1071 genotypes was NArrow, ieee 85e1 to 118.7% of the
‘mean, Thus, there was only a O.4 = fold difference between lowest and

highest, This is only One-tenth of the-range in yield of these same
_ . .
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Figure 4.9 Distribution of yield among 1071 genotypes from the U.S.D.4,

World Pez Collection.
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Figure 4.1@ Distribution of protein content among 1071 genotypes from

Wworld Fea Collection,
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genotypes, There was negative kurtosis (p= .01) indicating that, as

for yield, the distribution was broader and flatter across the top
|

than would be expected in a theoretical normal distribution,

L4e5.243 Distribution of protein yield ,
‘ |

The distribution of protein yield closely resembled a

normal distribution (Figure 4.1} 2nd 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 165.5% of the mean, gilving a L=fold
range from lowest to highest. There was negative skewness (p=.2) and
negaiiva kurtosis (p= «01)s The curve was slight;y more noticéabiy
skewed to the lower end than the yield curve,
LeSe24l Distribution of seed weight

The distribution curve of seed weight was similar to a
normal distribution (Figure 4.12). Mean, médian and mode Were Vilw
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 affeéted
by environmental variation (as evidenced by ité 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, mediaﬁ and mode were virtually

identical, The range in seed weight among genotypes was from 1lO.4
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World Pea Collection.
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from the U.S.D.A, World Pea Collection,

Figure 4,19 vistribution of actual seed weight among 1071 genotypes -
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to 81.5 &/200 seeds, i.e. an §=fold increase, The skewness to the
upper end of the curve was more evident, and negétive kurtosis (p= +01)
was‘present. Thus, conversion to a percentage of the lattice mean
affected seed weight distribution by slightly decreasing téiliné to the
upper end of the curve, and by grouping genotyﬁes c¢loser to the mean,

Le5¢3 Distribution of the traits among smoothwseeded and wrinklew
seeded_genotzges :

Po test for differencd; between smooth=seeded and wrinklee
seeded pea genotypes in the measured traits the.whole popﬁlation was
subdivided into the two seed shape‘categories and a distribution was
formed from each for the 4 traits, The percentages expfessed vere
those obtgined by converting individual genotype means to a percentage
of the lattice mean., There were 864 smooth-éeeded(plus 17 Trapper
values) and 207 wrinkleewceeded genotypes,

La5e3.1 Distribution of yvield

The distribution curve for yield of the smoothe-seeded genctyfeg

(Figure 4.14) was not noticeably different from that of the whele
population.  Maximum and minimum values were unchanged and, thus,
the 4=f0ld difference between smallest and largest still applied., Both
skewness and kurtosis ﬁere negative as before, There was a 1% increase
in the mean and median, but no change in the modal value.

The distribution curve for yiel@ among the wrinkle=seeded
genotypes was basically normalushaped(Fignra'&.li);bnt considetably‘lore
uneven than the curve for all genotypes. .  The range in yield
was narrower than fér smooth=seeded genotypes, i.e. 48.1% to 144,9% -
of the whole populatign mean, Thus, fhere was only a Z2e=fold differe

ence hetween lowest and highest ylelding genotypes. Wrinkie-seeded

genotypes did noiemgach the low or high yield values of smoothw
v 4 ) .
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figure 4,14 Distribution of yield among 864 smooth-seeded genotypes

from the J,3.D.4, World 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
flétter 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,%%.

Le5.5.2 Distribution of proteln 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, (Figﬁre‘q.ls). The minimum wvalue
was ynchanged, but the maximum decreased by 3% and, thus, range was
slightly decreased, The curve was not skewed, but exhibited negative
kurtosis (ps .Ol). Mean and median dropped slightly to 98.8% whereas
the mode remained at 100% of the whole population value,.

The curve for protein content among wrinkle=seeded genom
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= .0l), Range was marginally smaller than that for smooth=sseded
genotypes and the decrease was from the lower end of the range.

The difference between extremes was 0.3~fold, Howefer, there was an
increase of 5% in both mean apnd 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,

Le5+3s3 Distribution of protein yield

Distribution of protein yield of the smooth=geeded geno=
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seeded genotypes from the U.5.D.5. World Pea Collection.

Figure 4,16 Distribution of protein content among 364 smooth-
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Figure 4,17 Jis:iribution of protein content among 207 wrinkle-

seeded genotypes from the J.3.D.A. World Cea 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 £he Smoothe
seeded group (Figure 4.18). The curve resembled the normal, élthough
there was slight negatlive skewness and Kurtosis (p= ,oa and .Oi
respectively). Range, mean, median, and mode were identical with the
distribution of the whole population,

The distribution curve for protein yield among wrinklee
seeded genotypes resembled that of yield; being basically normal
shaped, But rather uneven (Figure 4,19)s Mean and median were virm=
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 wrinklee=seeded group was decreased compared with

- the range of the smoothweseesded group.

—y

Thus, mean protein yield did not differ between smoothe
seeded and wrinkle=seeded groups, but range was smaller in the latter.

Both curves closely resembled their corresponding curves for yield.

heS5e3e4 Distribution of seed weight

The distribution curve fér seed welght 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'ébsent. Mean, median and mode were
all slightly lower than the whole population values, but range was identw
ical, Thus, smoothesceded genotypes represented the extremes,

On the other hand, range of seed woight among the wrinkle=sesd=
ed genotypes was considerably reduced, especiallf from the lower

end (Figure 421 ). The difference between largest and smallest
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flgure 4,18 Distribution of protein yield among 3
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Figure 4.19 Distribution of protein yield among 207 wrinkle-seeded

genotypes. from the 1,S,D.A. World Fea Collection,
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Figure 4,21 Distribution of seed weight among 207 wrinkle-seeded

genotypes from' the U.8.D.A, World Pea Collection,
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values was less than 4=-fold compared to the 8wfold difference

between extremes in the smooth=seeded group. The distribution

curve for the wrinkleeseeded group was distinctly skewed (p= .02)

to the upper end of thé scale, and, while there was only one distinct
rnodal class, there were indications of lesser modal groupings toward
the upper end of the scale, There was one exireme value at the
maximum which Was several classes above the nearest genotype.

Hean, median, and mode had shifted upward 12, 6 and 10% regpectively, from
the corresponding whole population values, Thus, mean seed weight
between the seed shape groups differed by 15% in favor of the
wrinkle=seceded genotypes. Although phe mean of this group was
higher, and the distribution was strongly skewed upward (p= .02),

the highest genotypic value was less than that of the highest smooth=

sgeded genotype.

4e5.4 Comparison of smooth~seeded and wrinkle=seeded populations

The smooth=seeded and wrinkle=seeded genotypes differed
by one major gene (Rh and rb, respectively) and comparison of the means
of those groups indicates the effect of that gene. Mean values for
vield, protein content, protein yield, and seed weight were compared
and tested by the paired 'tt test for unequal class numbers (Table
Lel2).

Wrinkle=seeded genotypes were lower yielding, higher in
protein content, and heavier seeded {than smooth=seeded genotypes,
Yhen 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 L.42 Comparison of smoothwseeded and wrinkle=-seedad
populations for mean yield, protein content,
protein yleld and seed weight expressed as a
percentage of the whole population mean,

Population Yield Protein content Protein yield Soed weight
Smoothmseeded n=881 101.15 93.81 100,01 97.18
Wrinkle~seeded n=207 95,01 105,02 100,00 ' 112.09
Difference Goll % G 21 0¥ 01 L 91ns

#% Sipnificantly different by the *t? test (,01)
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groups had identical mean protein yield, reflecting the balancing

effects of the decreased yield and increased protein content,

i
La5.5 Effect of error control on range

The range of protéih content in this study of 1071 genow=
types from the U,S.D.A., World Pea Collection was quite narrow, and
much less than that foqnd for 1500 genotypes grown at Saskatoon in 1971
(Slinkard, mimeo repért 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 germinatéd very poorly
in 1971. |

This experiment was designed to show how the range of a
trait c¢ould be reduced by replication or by.expressing the data as
percent of the lﬁttice mean, both of which effectively reduced envire
onmental effects. Comparisons of range for each trait with and

without replication and percentage conversion are shown in Table 4.43.

Data from Tabie L.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 conslderably reduced (by 30%) by conversion to a percent of the
_1attice meane The reduction occurred at the uppaf end of the range,
i.¢e. the high=yielding genofypes in the kigh yielding.léttieas became ecom-
parable with tha hiow wi.12ing genotypes in other lattices when converted

.- 'ut lattice mean.. The range.in protein

B % e
was virtually the same as
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that for unconverted duplicate values, Seed weight range afier cone
version was greater than that among unreplicated plot values. This
was probably due to the chance oceurrence of a large=seeded genotype

in a lattice which had a low mean seed weight,

4e5.6 Simple correlations between traits

Simple correlation coefficients between yield, protein
content, protein yield, and seed weight among the genotypes in each
iattice are presented in Table 4.44., Only two of the felationships were
consisten# over the latiices. Yield and protein content were negatively
correlated in all but 2 lattices (p= 01 in 11, p= 05 in 4).
Coefficients of determination of the significant correlations ranged
from €% 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 lpw negative, Coefficients of determination ranged
from 6.5 to 14% indicating that where the relationships existed,
only a small amount of ﬁariation in yield could be explained on the
basis of seed welght,.

PThe correlations between protein content and protein
yield were not consistent. Only four were significant (3 negative,

1 positive), Protein content was not correlatéd with seed weight
avmamb e —=re=z ¥zare the correlation coefficients were

- T—l— -31). Although the other correlation
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coefficients were nonesignificant, they were generally negative,
The correlation between ;;rotein yleld and seed weight among the
lattices merely reflected thg correlation between yield and seed
weight, modified by the corr:ela.tion between yield and protein

yield.
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%« DISCUSSION

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
covér a representative range of these enviromments 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. Genbtypes 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 any one location., Further, the
effoct of location relative to genotype could be assessed, and in
fact variation over locations was almost a's Zreat as that among
genotypes for both traits. This variability over locations as well
as the existence of genotype x location interactions emphasizes the
nee& for multiple=location testing of genotypes to estimate genotypic
value, especially if absoclute values are to be used as selection
criteria, For example, 1f a level of 26.0% protein was accepted
as a lower cthoff point for selecting high=protein genotypes,

then out of 25 fested, 2, 6, and 17 would be selected if tested in

~
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1974 at Nipawin, Saskatoon or Bellevue, respactively., Over the

three locations, five genotypes would have been selected on this
basis, If selection for yleld 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

it was the highest ;ielder.

Thus, 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 hiéher than those commoniy 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 gemotypes,

At Bellevue, seeding was delayed, and the growing season
was moister and cooler than at the other locations., There was a
heavy frost on Seplember 1, 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 genot&pes had

completed flowering when harvested,
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S5el.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 interaciions were no longer signifim
cants 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 2 somewhat different environment,
However, plant height in other species is a highly heritable trait
and thus less likely to exhibit significant genotype X envircnment
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 twowlocation apalyses.
Genotype % iocation 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 se,
It is arguable that weather forms an integral part of the floca=
tion! which might be more properly referred to as an environment,

There is no apparent interaction of genotype with scil 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 SaskatQOn'and Nipawin results, This lack of response
may be a barrier to incregsing protein productivity with fertilizers
and in fact réports {see Litefature 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 ;ertility does not substantially depress protein
conterpt, In view o% the negative correlation between yield and protein
content, the'considerable regsponse ¢of yield to increased fertility
may have moderated the response of protein content.

‘The implications for plant breediﬁg of these resulis 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 bé accounted for before estimae

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, Superw
ficially, it appears that Bellevue is a higﬁ-prétein location,
However, low yields were recorded at that location because a heavy
frost during the pod=filling period prévented 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,

5el.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 alwhole plot basis. The fivewplant sample was
inadequate for reasonable determinations of seed yield/plant, total prote
ein weight/plant, and haulm protein weight/plant as indicated by the
very high C,V'%s for those traits, especlally at Saskatoon, All traits,
except harvest index, were lower at Nipawin than Saskatoon, and the differ=
ence between location means was greater for singleeplant than for wholew
plot values of both yield and protein content., Sihc¢e single plants
were taken from the inner twovrows 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

|
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 chanée in fertility than seed protein content,

This indicates that seed protein content assumes priority of accumu=
lation under lowered N avéilability. 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=

satory=p Ol Wak general among the genotypes and not restricted

L Y ...
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to higher protein genotypes as in winter wheat where Haunold gt al,
(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 et al., (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, anq the authors concluded that the Atlas types bhad 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 propoftion 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, sinc¢e the semiwdwarf rice and
wheat cultivars released by the IRRI 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, HE,I, increases with applied nitrogen, Harvest index

was negatively correlated with height and positively assocliated
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with yleld, Harvest index was considered to be a culilvar character=
istic. Donald (1962) referred to unpublished work of Silsbury who measured
the harvest indexX 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 o5« Donald considered that, if the

yiéld of White Brunswick could be combined with the greater harvest

index of Ne. 14315, then a much more productive genotype would be
obtained, The ranges in H,I, Esee Appendix 1.,4) of 38 to 60% at
Saskatoon and 44.5 to S58% at Nipawin indicated that there was
considerable va?iat%on among the genotypes for this trait, The range was
less than that reported for some tropical legumes (Jain, 1975) but
greater than that in barley (Rosielle and Frey, 1975), The genc=

types Lincoln, Palouse, and Petit Poie were cons;stently high in

harvest index and thus might be considered potential parents in a
crossing program to improve the economic portion of tbtal dry matter
production. Howefer, 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 meanQH.I value
of approximately 50% did not alter noticeably'over locations, Rede.

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. Thie 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

R e
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index, Thus, a change in fertility affected accumulatian of haulm
dry weight and seed dry weight similarly,

Single plant protein content was lower than whole plot
protein content, especially so at Wipawin, Part of the difference
was due to a difference in methods of determination of protein
Eontent, The correlation between the dye~binding method (Udy, 1971)
and the inframred reflectance spectroscopy method (Neotéc Instru=
ments Co.) is in the vicinity of r= +.,9 (Wu, pers.COmm.). In
additiony individual plants were harvested from the cenitme rows where
competition for water, light and nutrients was more severe, resulie
ing in lower protein content.

Seed yield/plant was extremely variable at both locations
but more so at Saskatoon than at Nipawin, The range among genow-
types for this trait was 3.9 fo 16.7 g/plan£ at Saskatoon and
Lo to 7.8 g/plant at Nipawin (Appendix 1,5).The lower fertility
a% the latter location resulted in reduced yield/plant and also
decreased range among genotypes. In particular, the effect was on
those genotypes with high yield/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
t0 the average decrease (31%) of all genotypes,

From the results of analysis of variance for total protein
weight/plant, the average at Nipawln was 47% below that at Saskatoon.
This reflects decreased protein content of both seed and haulm, and

also decreaged 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 2%% in yield andlg% in protein content hetween
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,

S5elek Analysis of vg;igﬁce for data from three years at Saskatoon

Evaluation trials are usually conducted in more than one
seagon in order to remove the bias of a single season which may
favour some genotypes over others, Furedi (1970) commented that
some higheprotein pea cultivars may only expfess their higher
protein content under optimal seasonal conditions, The significant
differences among genotypes for protein content was as expected
from th; eaflier genotype X lacation study. However, the genotype
X year interaction was not significant., This is in contrast to the
findings of Furedi (1970) and Ali-Khan and Youngs (1973). Not only
was the interaction not significant, but there were ;ery small
differences in mean percent protein over the three seasons, C.Vis
in each year indicated by their similarity that local variability
due to soil conditions and moisture supply was constant from year to
years 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

ran%&.ik.ﬁ&ﬁkétnon.k The 1973 summer was marked by a severs drought
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in late July and August, causing premature rdpening and reduced
yield, whereas the 1974 summer.was cocler and moister than usual,

The summer of 1975 was characterized by adequate moisture, about
average temperatures, and about average season length, The implie
cations of these results are that an evaluatlion program at several
locations in a single year would be adequate to provide a reliable
eatimate of protein performance of pea genotypes, both on a relative
and an absolute basis, The only proviso would be that if the

seagon was clearly abnormal, such az 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) whe studied genotype X environment interactions from seven regional
Uniform Soybean Tests ffom 1954 to 19%6, Cenotype X year interw
actions were generally smaller than genotype % location interactions,
These authors shOWed that locations could be substituted for years to
pérmit 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 reqﬁired for

adequate testing of other traits such as oil or protein content,

5415 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 genotypes;and thus confirmed that

four replicates gave an adequate estimate of genoiypic performance.
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However, if selection was to be practised among the genotypes,
then covariance analysis was advantageous in allowing the recoge
nition of smaller real differences than without covarianceé, In
terms of the time, labour, and space requirements, the value of
covariate plots as used in the presént study 1is certainly open to

question, when Judged against the benefits,

S5ele6 Simple correlations among traits

In any breeding or improvement program it is necessary to
know if selection has an effect on non-selected tralts which may be
of economic or agronomic importance, Further, it is also useful to

know if traits may be improved concurrently.

5¢ls6.1 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 significaﬁtly 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 compelition effects,

While it is difficult to believe that inter-plant compefition among
individual plants in the centre rows could account for this negative
rolationship 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 condifions in the outer rows,
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Some of the genotypes highest in yield/plant were single=stemmed,
short, determinate, and early maturing. These genctypes wére 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 u
genotypes, tﬁere has been unconscious selection for high harvest
index, since the mean value of the genoiypes in the present study 
is at a level (50%) considered desirable in cereals., Further,
the correlation in cereals befween 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 harﬁest
index, but it has not bgen shown that high yield is a direct result
of the latter, The absence of a relationship in field peas indicates
that ameng the present genotypes,; yleld is not limited by the source
= sink relationshipe

The strong negative correlation between plot yield and
single plant protein content reflects the close relationship between
the latter and plot protein content combined witﬁ the strong negative
correlation between yield and plot protein content, The negative
aséociation between plot yield and total protein weight/plant at
both locationé is most probably :elated to the negative correlation -
between plot seed yield and seed yield/plant since seed yleld/plant

is 2 major component of protein weight/plant, The same explanation

U
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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', capacity from °
which yield may be derived,

SelesGe2 Protein content and single plant traits

N

Plot protein content and single plant protein content were
highly positively correlated, Thus, in coutrast to yield, determinse
tion of protein content on a single plant basis would be a reasonable
estimation of the gqnotypic 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 preferably more,
gives a reasonable estimate of relative protein content, The
correlation between plot protein content and haulm protein content
was positive and nonesignificant, This, coupled with the positive
correlation (p= «05) beiween protein content and protein weight/
plant at Nipawin indicates Lhat higher protein gencotypes may
accumulate more nitrogen in the whole plant than lower protein
genotypes, If true, then peas differ from winter wheat, where
Haunold et al. (1962) showed that higher protein genotypes transe
located more protein from the leaves to the seeds than 1owe£ protein
genotypes. Since this evidence is tentativey, it cannot be concluded
that hipgher protein genotypes accumulate more iitrogen, but the

suggestion warrants further investigation.
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9ele6.3 Single plant traits

Harvest index and height were strongly negatively related,
This finding is in line with other ¢rops. Thus, the weight of
haulm was more important as a determinant of harvest index than
seed weights 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 analoegy to the
findings of Shia (1976) that seed yield and protein yield were very
highly correlated, seed yield/plant and total protein weight/plant

were highly correlated,

5elebel Yield and protein content

Yield and protein content were strongly négatively
correlated over locations and seasons., Although negative assoc-
lations 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=
ment, Pandey and Gritton (1975) found values ranging from moderate

negative (=.38%*) to moderate positive (+.34%*) among F, populations,

3
None of the reports had values approaching those found in the present
studye The sigh and magnitude of the relationship was sufficientlj

stable over 1ocatiohs and seasons to rule out the possibility of

unknown bias, The slight difference in correlation coefficients

anchg The 25 pea genot%?es and 22 common genotypes at Saskatoon in
w
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1974 can be attributed largely to the removal of three geﬁotypes 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 farereaching implice
ations for programs aimed at improvement of field peas, Firstly, no
protein content value should be considered in isolation from the
yield value of that genotype. Secondly, a decision hasg to be made
as to the extent to which prolein 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 Tebles 4.2 ln‘ 4.3 shows that there are
no outstanding Ycorrelation breakers' among the genotypes as tested
at Saskatoon, although three, P.I. 356834, P.I., 269822, and MP 783
were just slightly above averége for both yield and protein content.
However, at Nipawin, P,I. 324705 was substantially higher than averw
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 oth:-kn%}t, but there is no evidence to suggest that a

;
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combination of high levels of both traits would be easily obtaine
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 relationship is inherently physio=
logical and that to be overcome, research was first needed‘to
establish the physiological determinants of both traits, One of the
poesible physiological explanations for the relationship;is the
.existence of a finite capaciiy to provide  nitrogen for seed
incorporation, which is independent of yield, Differences in yileld
are not matched by differgnce; in protein content, as seen by thg lack
of response of prdtein content to a change in fertility between the
Saskatoon and Nipawin locations.

Peas obtalin approximately 30% (Holl and LaRue, 1975) of their
nitrogen requirements through symbiotic nitrogen fixation by Rhizobium
leguminosarum in the root nodules. This process, and absorpiion
and nitrate reduction of mineral nitrates are equally energy expenw
sive (Hardy and Havelka, 1975), Roots, supplying nitrogen for the
plant by either or both processes, compete with the daveloping
seeds for recently produced photosynthate and it is possible that the
negative yieldwprotein relationship is a reflection 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 aceumulation
than intc developing seeds (1§Wer yield, high protein),

Adams (1973) reported that as protein content of Phaseclus
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vulearis L, increased from 21 to 27% protein, cystine in the protein
dropped from .Mto .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 ¢
{(largely carbohydrate) will compete with protein for glucose in the
developing seced.

is an energy restriction responsible for the negative yield=
protein relationship? The legume plant has competltion . at two
points: will roots oxr the deveuiol)ing seed be favouréd for photo-
synthate; and in the developing seed, will carbohyirate (yield)
or protein be favoured for the photosyn;bhate supplied to that sink?

1t is highly likely that genotypes will differ in response
to the competitiom at those points, and therefore plausible
that a group of such genotypes will exhibit a negative yieldwprotein conw
tent relationshipe
5e1+7 Yariance component analysis

Variance component analysis confirmed the conclusions drawn
from analysis of varlance. 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 geason inte;action variances were relatively small except when

Bellevue data were included in the analysis. Shutz and Bernard

(195214.ﬂ§inz_da$a-spam\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 subspantially
less than genotype variances, Further, interaction variances for
0il and protein content were considerably less than those for yield,
The three estimates of broadesense heritability were O, 27 and
24% for yield and 21, 41 and 53% for protein content from variance
component analysis of the threeflocation, two=location and threee
year data, Broad sense heritability, based on variance component
analysis,is limited by the extent to which it 1s independent of none
genetic vériation. Thus, heritability values will increase with
decreasing variabilit; of those nonegenetic components, It would
~ be safe to conclude only that yield had low heritability and protein
content had low to modgréte heritability in the broad sense., These
broad-~sense values hqwever, glve no indication of purely additive
genetic variance, upon which improvement by selection is largely

dependent,
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52 Effect of stage of maturity on protein content

Previous studies 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 desigﬁed to include a large number of genoiypes
subjected to simulated interruptions in development at different
stages of maturity from pod=filling to ripeness,

Se2el Analysis of variance for stage of maturity

Differences existed among genotypes for each qf 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 P06l had a low protein
content at H1 and continued to decline with maturity. Further, it
declined in both dry weight and protein weight from H2 to Hif. From
the data recorded, there was no explanation for this decrease. P,I.
206790 also departed from the usual pattern in that protein content
increased by 2.2 percentage points from H3 to Hi4 and wazg the highest
in protein content at H4. This genoiype has been consistently high
in protein content in previocus trials in Western Canada (section L.l
and Slinkard, unpublished data), The increase was 9% 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,

Other genotypes a ated protein weight between H3 nd Hi, but
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this was usuwally accompanied by an increase in dry weight, Thus,
P,I. 206790 may be higher than. average in protein content due to a
slower accumulétion in non=protein dry matter at a late stage of matw
urity rather than an inherent suﬁeriority in accumulat;on of protein,
P.I. 206790 is a wrinkle=sceded genotypé, as is Lincoln, and this
may partly account for the higher protein confent of these genotypes
(see Shia; 1976 and section 4.3.3).

In agreement with a previous maturity study (Smith 1973),
it was found that starch accumulation began later than protein
accumulation, but it increased more rapidly than protein after Hi,
Thus, protein tended to be 'diluted?! by a greater deposition of
starch and other non=protein, nonm~starch dry matter as maturity pro=
gressed. One of the reasons for the rapid development of all compon=
ents anh 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 growing 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 GDDYs compared to the long~term average of 395, In a year
in which GDD's were closer to the monthly averages, 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 accumuw
lated heat units were correlated with development in peas tec a

greater extent than was time (days to flower).

PR
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5202 Somple correlations between harvests for various traits

None of the traits measured af H1l were correlated with their
counterparts beyond H2 and starch content was not even correlated
between Hl and H2, Thus, Hl was considerably different from the
other harvests, except in dry weight where there was a elose
relationship with H2, At Hl, 13 to 23 days after flowering, the
later flowering genotypes were just beginning to accumulate dry
matter, and the genétypic values for each trait more likely indicated
physiological age rather than inherent genotypic differences at the
agtual time of the harvest, Harvests 2, 3 and 4 were moderately
correlated for all traits, bu£ coefficients of determination were
generally less than 50%, 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 obtalned would bear very little relationship to the
data obtained at full maturity. TFurther, if harvest occurred within |
approximately two wesks of fuil maturity, then the fresh and dry

weights obtained would be reasonable indicators of fina)l wvalues,

whereas protein content and starch content would not be as.reliable,

5s2¢3 Simple correlations between traits within harvests

The correlations between traits at HL 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

and Starch content was Ejgh (r= «,777%*} a2t Hl, This relationship

i oo
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is due to their opposite correlation with a third trait (dry weight).
lowever, this explanation is not applicable to later harvests. The
negative relationship between protein content and starch content declined
at H2 but was still significant, and then increased at H3 and Hi,
This negative relationship has been reported in Vicia faba L.
(Bhatty, 19743 Cerning et al., 1975). The cor;elation caleculated
from Bhatty'ts data was r= =,575% among 12 cultivars, and Cerning

et al. reported that starch content ranged from 30.0 to 42.3% and

was negatively correlated with protein content buit the coefficient was
not given, Shia (19706) considered that the lower starch content of
wrinkle=seeded peas may have contributed to the obssrved higher
protein content of these peas over their smoothw-seeded counterparts.
Wrinklewseeded peas were 13% lower in starch, about 3 percentage
points higher in protein content, smgller seeded, and lower yielding
than their smootheseeded sibs from the same cross, The present

study shows that after Hl starch content increases much more

rapidly than protein content, It is axiomatic that as the proporw
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-protéin dry welght,
Starch, as a proportion of that non=protein dry weight, increases
with maturity., Thus, non-protein, nonestarch dry weight stays relaw
tively constant as a proportion of the seed asg maturation takes
place, The negative correlation between protein content and starch

content also indicates that there are genotypic differences in the starch:

protein ratio.

One—g =t jectives of this study (ses Introduction) was

> throw light on the gative yield=-protein content relationship
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which seems to be prevalent in the peas. The starcheprotein 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 relatione

ship contributed to a negative yieldwprotein 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 traiis at these harvests
except dry weight at HZ2 where the correlation was negative and

noderate (r= =.458%),

DeZelt Relationship of the maturity study to the large=plot study in

1975

As seen in Table 4,22, yield of the two studies was not

related and protein content of the large=plot study was only moders=
ately related to protein contenit 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 gencotype in the largewplot study
were related to the patte;n of gseed development of that genotypse.
The only possible exception was P.I. 206790 which accumulated
rrotein at a late étage of maturity without a concomitant increase
in dry matter.

It was surprising that the yield at full maturity of both

L .
- séadies was totally unrilated (r= ,189), Although the maturity

’ . D ———
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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. 1l5.4 and 11.,9% respectively, FPlot sizes were
about 1l0=~fo0ld in difference and, while it seems logical thati 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 betweeﬁ yield of thgse two studies, coupled with the
negative correlation between plbt yiéld and single plant yield of
these same genotypes in the previocus large=plot studies (section
4,1), suggests that edge effect might be considerable in the
largewplot studies.

5.2.5 Relationship of the maturity study to the 1974 Bellevue
large=plot study

Reasonable evidence was obtained to fulfill the third
objedtive of this study, namely, the verification that the anome
alous results at Bellevue in 1974 could be explained on the basis of
maturitye.

Many of the genotypes failed to mature gt Bellevue due
to a damaging frost on September I during their flowering period
which effectively forestalled further development., The correle
ation of protein content in the maturity study with protein content
in the 1974 8ellevue large=plot study was nearly the same as with
rrotein content in the 1975 Saskatoon large=plot study, However,
yield at Bellevue was positively correlated (p= .01) with dry
weight (yield) in the maturity study at Hl and A2 (r= .626%* and

+551 ¥ ¥ pepe Further, yield at Bellevue was negatively

i
! irwelated {p= «0L) wit} days to flower at Saskatoon despite a
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difference in-location and season, In fact the correlation was
almost identical {(r= =,758+%#%) with the correlation between dry
weight at H1 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
-flowering and the genotypes remained at that physiological age
until harvested on October 12, It was this event which contribe
uted to the genotype x location interaction aseribed to the
Beilevue location in the previous experiment (section 4.l). Such
results could be expecteq to recur with damaging frosts or other

maturitywinhibiting phenomena at any given location,

ali—
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53 Heritability of agronomic traits, protein content and methionine
content :

53¢l Analysis of variance for agronomic traits, protein content gnd
methionine content

The significant differences among parents for all ftraits
indicated that they were diverse and rich in genetic variability
for all except protein and methionine contents, However, the

intermediacy of the F_ population values and the lack of significant

2
differences among them for the protein and methionine content traits
showed that a breeding program for improvement of these tralts would
have to be based on e;ther a wider range of parerts or selection

would have to be made on a within=cross basis among Fa-derived F3

or F4 lines, A breeding program to improve the agrononic traits-
‘such ag seed weight or days to flower could bhe 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 judi;ious 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 et al. (1970).
However, the value recorded in the present experiment was days to
first flower, which does not necessarily reflect the mean Ilowering

date of a bulk F. population while being accurate for a none=

2
segregating population, Figure 4.& indicates that there were no

early flowering segregates within ¥ populations and that days to

2

flower was intermediate between parents, The concluszions drawn

1_._._um;E:¥L£g§=g§§§=§%=éégﬂfm;data are certainly valid for the material
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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~sowingedate season for field peas (the frostefree period at
'Saskatoon is llq'days) in contrast to more temperafe fegions 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 contrasﬁ, the range in protein content was very
narrow, 7.3 percentage points,and even narrower among the Fa

population means, 3.4 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 genow

types from among the F_ populations, In other words, hybridization

2
did not provide increased vardiability 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 Fa population had the same protein
content. Thus, the scope for selection 6f high protein genotypes
from among F2 populations appears slight, However, the withine
population variability and range were not defermined in this study
and it is possible that utilizéble variability occurred within pope

o

ulat#nnsv-—ehu'nzfﬁﬁﬁ'}zige in protein content among parental lines

ﬂd the even narrower rgnge among F, populations in this experiment
“ [ Ty
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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 he minimal,
with increases achieved very slowly and, probably, at the expense
of yield.

The range among parents for methionine content as either
ng met/g meal or ng met/g protein was narrow and indicates that the
genotypes in this test do not vary greatly and thus would not he

a suitable base on which to establish a breeding program for the

inmprovement of methionine content, Herrick et al. (1972) reported
a range of 0.9 to 1.3% methionine as mg met/g protein in nine pea
cultivars, From the present study and that of Herrick et al.,
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 genow
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.ts
and cultivars of common beans, Phaseolus vulgaris L. Thus, perhaps
a larger population of‘peas would also contain a much wider range of
wmethionine content.,

The range in methionine as mg met/g meal of the Fa popule=

ations was half that of the parents., Again, most of the decrease

came-frmrﬂﬂn?ﬂ:ﬁﬁifﬂﬁﬂ%iof the range, It is probable that the
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similarity between behaviour of methionine content and protein content
was largely 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 crogses was virtually identical, Thus, although
range does pot decrease upon hybridization, it is too small to be
of value in breediné for protein quality improvement, It should be
emphasized that it is not known whether this is a function of the
gsenotypes tested or the actual variability of the trait,

De3.2 Analysis of covariance to remove the effect of protein content
on methionine content

Analysis of covariance showed that as protein content
increased, methionine 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 diffe?ences in protein content, Although
the difference was swall 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 s0 low and the range so small that even the difference
"between wrinklemseeded and smootheseeded genotypes 1s of no consege
uence, since methionine content of the protein would have to be at

least trebled before substantially improving the protein guality of

the present pea pengiypes to acceptable levels for human nutrition. -
. JJ—— o Y

1
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(F.A.0,, 1970).

94345 Comparison of smootheseeded and wrinkleeseeded parents

Apart from the difference in methionine as percent of
protein mentioned above, wrinklewseeded 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 smoothe= and wrinklee=seeded parents were lower
yielding, lighter in seed weighi, lower in starch content, and
higher in protein content than their smooth=seeded sibs. The
only dirferehce between these two studies was the reversal in the
relationship to seed weight, but Shia's study compared sib prow=
genies while the present experiment compared parents,

These differences associated with seed shape introduce
2 bias of unknown dimensions into the calculations of heritability
of all traits except days to flower which did not differ between
geed shape types. The present experiment included 10 F2 popul=
ations which were segregating for seed weilght, Shia (1976) showed
that heritability of protein content decreased or became none |
significant when populations segregating for seed shape were sub=
divided into smoothe and wrinkleeseceded lines, However, herit=-
ability of seed weight remained about the same when these popule
ations were subwdivided,

In the present experiment the populations were not
gub=divided into crosses segregating and non-gegregaiting for

seed shape since 10 and 11 crosses,‘respectively, were considered

dan O . —
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too few to permit reliable estimation of heritability by regression.
However, in the light of Shials (1976) resulis, it is most probable
that heritability estimates of protein content and both methionine

content traits were biased,

S5e3e¢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 increased when only parents were considered, but
for the Fé population group it decreased to almost zero order. Thus,
thers appearé to be a difference in this negative yleld=protein
content relationship between homogéneous and heterogeneous popule
ations. Homogeneous populations behave in a relatively predictable

negative pattern, whereas the F, populations do not show that pattern

2

when only population means were considered, The narrow range

among F_, population means for protein content contributed to the

2
lower correlation between yield and protein content. In addition,

each F2 population is a mixture of genotypes, each of which may

exhibit a negative yieldwprotein relationship, but when ' the population mean
is takeg y 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 severzl authors (see Caldwell et al., 1973, p.l60),.

e —

1‘
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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 correlw
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 lis reduced aﬁong the
F2 populations, and it is most reasonable to conclude that the
relationship has been diluted by the intermediats nature of the
population means and heterogeneity. The previous experiment (section
4,1) showed that the 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 grder. 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 fraits were generally unrelated to the
agronomic traits except that methionine as a percent of protein was
pogitively 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 correlateds. It would be very convenient for breediné
purposes if protein quality was associated with an easily identifi&ble

trait such as seed welght, however in this instance the relationship

is not strong encush ‘gaz 11.2%) to indicate that séed weight could
b s - .
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be used ag a tmarkert,

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 gelection
eriterion 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 coniribute to the breeding of
improved protein gquality. 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 ng met/z 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= =.2l). Reports in other legume crops, i.e. Vicia
faba L. (Munck gi_g;. 1973), Phaseclus vulgaris L, (Adams, 1973),

Cajanus cajan (Royess 1973), and Cicer sp. (Sandhu et al., 1974),

also indicate that the two traits were negatively related to varying

degrees, Adams (1973) concluded that in dry beans, Phaseolus vile
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garis 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 contenf.

5.3.5 Heritability estimates for agronomic traits, protein content
and methionine content

Heritability of yield is low. 1In this experiment narrow
sense heritability was zero and in a previous study (section 4el.4)
broad sense heritability ranged from 0 to 27%. Thus, in the short
term, response to selection for yield would probably be negligible.

Selection among F_ populations would offer lititle possibility of

2
advance, It was not determined in the present study if heritability
within populations was greater, but Shia (1976) found that narrow
sense heritability of yield determined by F3/Fa ?egressions in three
crosses ranged from O to g%, although he added that one of the rea=
sons for the low values may have been the use of single plant deterw
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.

Days to flower was highly heritable (h2= 80%) and showed
good agreement with midwparent values, This trailt can be easily

manipulated and the outcome of selection readily predicted.

The same is true for seed weight, This traii is highly
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heritable (ha ; 97%). It 1s, thus, almost completely genetically
controlled and exhibits little or no responsse to the eﬁvironment.
In between these extremes of yield and seed weight, protein content
and methionine content exhibit low to moderate heritabllity
(h2 = 44.9 and 48,6%, respectively), These traits are subject
to considerable nongenetic variation.

Methionine content as a percemnt of protein, perhaps the
true indicator of protein gquality, is not heritable in the pea
gonotypes of this study. This finding is in marked contrast to
the results of Kelly and Blise (1975) who reported very high broad
sense heritabilities for methiqnine 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 thue, may be a valueless ’
selection criterion. However, the situvation 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 incpreases
have been achieved by breeding for yield components which are
generally higher in heritability than yleld. Breeding for
increased methionine as a percent of protein hy increasing mthioninee
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. methionineerich
protein components may be more heritable than total methionine

in the protein.
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For example, the Opaque=2 gene in corn (Zea mays L.)
inereases lysine content by suppressing synthesiz of éeiﬁ, the
lysine~poor fraction of corn protein (Mertz et 2l., 1964).

Smartt et al. (1975) reported that gensetically manipulatable
variation occurred im the major storage proteins (globuling of
Phaseolus sp. and Arachis hypogea L. Romero et al. (1975) electro=
phoretically analyzed the major seed protein, Gl globulin; from
four bean (Phaseolus yulgaris L.) cultivars. Two cultivars high
in methionine had a three-banded subwunit pattern in the globulin
whereas the two cultivars low in methionine had a two-banded subw
unit pattern, The difference in banding ras due to a single gene.

However, the molecular-genetic approach to protein improve-
ment is prese:p‘tly limited by inadequate methodology which does not
permit rapid,m precise isolation and separation of seed protein

components,
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5¢4 Effect of seed shape on seed weipght

Seliel Seed weight of parents and progeny of segregating populations
This study confirmed the findings_of Shia (1976) that progeny
from crosses between smootheseeded and wrinklewseeded 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 wrinklewseeded parent was
heavier by an average of 45%. 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 wrinklewseeded gegregates, The effect ig independent
of parental seed weight since even in the two crosses where the
wrinklemseeded parent had lighter seed, the same phenomenon

occurred,

Selte2 Number and size distribution of smooth and wrinkled seeds
from segregating populations

Only one of the populations, P.,I., 206790 x Ceser, 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 congistent 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 signifie
cantly lighter than their smooth counterparts, These results
indicate that although smooth and wrinkled seeds may reach the
sane external diameter, the<greater water loss on maturation of the
wrinkied 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 swmooth peas.

For some reason, wrinkled seed borne on FZ plants accumnue
late less dry matter than comparable smooth seeds, Sincelapprdxi-

mately 1/9th of the smooth seeds and 1/3rd of the wrinkled seeds

- in the F3 generation are borne on segregating planis, 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 obscrved. COnsidera£ion of the chemical components
of each seed type sugpests that differences in efficiency of
conversion of energy supplied as carbohydrate during seed devéloP-
ment would be too small to account for the seed weight differentizl,.
The 3 percentage point difference in protein content would account
for only a 2% weight differenﬁial, since ‘protein is more energym
expensive to synthesize than storage carbohydrate (Sinclair and
DeWit, 1975). The heavierrseed 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 hearing them.

i ———
ohiam———
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Thus, the effect of the r, gene for wrinkle~seededness in

reducing seed weight in the ¥, generation of crosscs hotween smooth

3
(Rb) and wrinkled (rb) parents is documented, Although Kooistra
(1962) observed that wrinkle=sceded peas underwent a greater water
loss on maturation than smooth=-seeded peas, this does not fully

explain the phenomenon,
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55 Variation in protein content and other traits among 1071
genotypes from the U,S5,D,A, World Pea Collection

A narrow range of genotypic¢ variability in protein content
was found in previous experiments (sections L,1 and 4.3). This-
suggested a survey of a large nunber of genotypes to gaugé the
possible limits of genetic variability for protein contents The
experiment involved 1071 peé genotypes and was designed so that the
effects of environmeni and genotype could be separated,

5e5el Analysis of variance for yield, protein comtent, 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 & for
protein content, Where the efficiency was less than 100, no
adjustment was made, since Campbell and Goodchild (1.973) 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 replicafes were used,
reagonable error control was obtained. At Saskatoon C,V's of 10{
to 15% for yield of field peas in Lereplicate, 4 row plots are
common (Slinkard, unpublished data).

There were significant differences for yield among genow
types in all but two of the lattices., Although the F=test was

hot significant in these two cases, the Bayesian L.5.,D, showed

ps——_
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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-
geneous the genotypes:could not be grouped together either to férm
a distribution or fé)r' multiple comparisons,

The range in protein content was smaller than for yield within
and among lattices, There were significant differences (p= .01)
among genotypes in all lattices, The generally low C,Vis (2.8=4.9%)
indicated thai there Wwas good error control with replication for
this trait, Covarianée adjustment had relatively little effect on
efficiency, further iundicating that within replicates, variability
for this trait was low except in one or two 1attices, The range in
protein content among lattice means was very small (24.5=26.7%),
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.,V's, This indicated that protein yield was more closely linked to
yield than to protein content, which was borne out by correlation
analysis (section 4e5¢6)e

There were significant differences (p= .00l) among genoe
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
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lattice means indicated that it was also quite stable over a range

of environments. C,V's were low, lndicating good error conirol.

Se5e2 Distribution of each trait among the genotypes

The data from the lattices could not be combined for anal&sis
due to heterogeneity of error variance for all traits. There were
two possible conversions. The genotypic wvalues 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 L.5.2,
use of the Trapper values for conversion may have been acceptable
for yield, but it would not have been a reliable conversion factoxr
for protein content when the correlation coefficient between Trapper
and lattice mean values was r= +,577%*%, The mean of an experiment
couprising 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 Willinson, 1963; Eberhart and Russell, 1966), However,
in those instances, the experiments over the locations coniained
common genotypes, Although the use of experiment mean is not
precise due to the possibility of genotype X environment inters
action and bias in the choice of genotypes, it serves as an
indicator of the environment in the absence of a reliable matheme
atical model, In the present study, the use of lattice mean is sgubject
to uncontrollable bias in that the genotypes are not common in each
lattice, Ilowever, since (1) the genotypes were randomly asslgned to
the lattices; (2) each lattice contained a large sample (549%) of the

total, and (3} the lattices were all adjacent, the use of the lattice

e ——————
e
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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 genotyps
values would be a reasonable approximation of the true distribe

ution of each trait.

5¢542.1 Distribution of vield

There was a wide range in yield among the genctypes (34.6
to 172.4% of the mean yield), i.e. a 4=fold difference betwsen
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 usuaily in the upper third of the genotypes
in yield and averaged 123%% of the population mgan, 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 fo an unaccounte
able low yield in one replicate. The difference between replicates
was greater than for any other genotype by a wide margin, indicating!'

a possible accident or human error,

5¢5¢24.2 Distribution of protein content

The distribution curve for protein content was normale
shaped, but showed a slight surfeit of values on the lower shoulder
of the curve and a tailingwoff to the upper end of the curve, In
this respect it was similar to the distribution of protein content
among l452 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

narrow, from 22,6 t0.30,%% protein. The highest protein genotype
B

IW----'-‘m_l-_'
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was only O.4 times greater than the lowsst protein genotype. This
range is only 1/10th that of yield, Thus, protein content is less
subject tolenvironmental influence, and aleo less variahle over
genotypes than yield., Among the genotypes in this present study,
which represent a %ery large sample of the U,S,D.A, World Pea
Collection, prdtein content is not very variable, It is probable
that the range amoné 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.c¢e 3 m x 2 rows 30 cm aparﬁ and ge?mination was uniform
vhich reduced variation of the population as cccurred 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 genotypes that produced sufficient seed in 1971 for seeding
in 1975 were available, This eliminated some of the very low
yielding genotypgs, which were frequently high in protein content.
Thus, 1071 genotypes were chosen randomly from amoﬁg approximately
1300 which were available, Further, yield and protein content were
negatively correlated (section 4.5.6) and, thus, %ariation in yield
would affect variation in proteiﬁ content., The actual effect of
yieid on range in protein content cannct be calculated, but its
existence cannot be discounied. The narrow range of protein content
has important repercussions for breeding strategies., It means in

effect that the 6,S$.D.A World Pea Collection does not represent a rich

p——____
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source of variability for protein content. The range is not much
greater thén that found previously among 25 and 19 genotypes (sections
el and 443).

Given a heritability value of less than 50%, additive in=
heritance, and a genetic range of approximately 8% protein, the 1imit.
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% should . it appear
desirable to produce a high=protein pea without regard to produc=
tivity, Correlation analyses show that agronomic traits such as
seed weight, days to flower (section 4.2), and helght (section 4.1)

can be manipulated without affecting protein content,

5¢5+243 Distribution of protein yield

The distributioﬁ curve for protein yield was virtually
identical tq that of yield, strengthening the finding in correlation
analysis (section 4.5.,6) that yield and protein yield were very
highly positively relatgd, on an almost one=tomone basis. The close=
ness of this relationship reflects the large range in yield compared

with the very narrow range in protein content,

5e5e244 Distribution of seed weight

The range among genotypes for this trait was very large,
iees 8wfold from lowest to highest, which is double the range for

yield and 20 times the range for protein content. This range in
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seed welght, indicates that the genotypes tested are extremely

diverse and provide a valid sample of available pea genotypes.

In retrospecty, it seems more likely that the narrow range in proiein

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 genom

types tested, and selection of potential parents in an improvement

progran for either of these traits would not be difficult.
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5,543 Distribution of the traits among smooth-seeded and wrinkle=
seeded genotypes

Kooistra (1962) reviewed the différences between smoothe
and wrinklewseeded peas and proposed a two gene (ra and rb)
mechanism to account for the differences, The differences between
snootheseeded peas (RaRb) and the ﬁost common wrinklewseeded type
(Barb) are determined by the segregation of only one of these éenes.
Shia (1976) showed that from three crosses between Rb and r, geno=
types, wrinkle=seeded (rb) progeny were hlgherin protein content,

lower in starch content, lighter in seeﬁ weight, and lower yielding
than their smooth=seceded (Rb) sibs.

The comparison between these two seed types was made in
the present study to verify that Shials (1976) findings applied over
a wide range of genotypes. Since the groups had unequal numbers,
it was expected that the ;maller group distribution would deviate
further from the normal by chance and standard error of the mean
would be greater than :or the larger group of genotypes., Further,
since the smoothmseeded 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,

5e5+3,1 Distribution of vield

The distribution of yield of the smoothwseeded genotypes
was virtually identical with that for the whole population. Mean
and median increased by 1%. However, the distribution of yield

anong wrinklewsceded 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 smoothe
seeded genotypes to 2=fold, with a considerable reductlon in range
from both ends of the curve,. Thus,.the range of yield for'wrink%e—
seeded genotypes was intermediate, although the mean was 5% lower
than for the whole population. This confirms Shiats (1976) finding
that wrinkle=seeded genotypes are lower yielding than their smobth-
seeded counterparts,

Thus, there were two reasons for the reduced range; (a)
the reduced number of genotypes in the group, which probabl& affected
range at both ends of the curve, and (b) wrinkleeseeded genotypes

do not attain the high yields found among smooth=seeded genotypes.

5e5e3e2 Distribution of protein content

There was a marginal decrease in the range of protein content

anong smooth=seeded genotypes, the reduction ¢oming from the upper

end of the distribution. The curve closely resembled that of the

wvhole population and was normal in shape, The other major differ=s
ence was that mean and median dropped by 1.2% from the whole popule=
ation values.

The distribution curve for protein content among wrinklee
seeded genotyves was uore dome~shaped than normal, and was more
uneven than the yield curve for this sanme group of genotypes. - The
nean was 5% greater than the whole population mean, This is in

agreement with Shia's (1976) finding that wrinklewseeded peas have
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higher vrotein content than genetically similar smootheseeded pead.
Range is partly a function of sample size, but mean 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 slipghtly 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.

5e5e3e5 Distribution of protein yield

Erotein yield curves for both smooth=seeded and wrinklee
seeded proups very closely resembled their corresponding yield
curves, However, in contrast to yield and protein content, mean
and median for protein yield of the two groups were virtually
identical, This lack of difference reflected a balance between the
6y yield difference in favour of the smootheseeded genotypes and
the &5 protein content difference in favour of the wrinkle=seeded
gonotypes. This finding 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 with smooth=seeded

sibs,

545.3+4 Distribution of seed weight

The distribultion for seed welight among smootheseeded genow

types very closely resembled that of the whole population. There

‘was a slight decrease in the mean of the group but the range was
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unchanged,

The distribution of the wrinkle=seeded group, however, was
narkedly altered, Range was reduced considerably, from an 8=fold
difference to a 4~fold difference between 1ightes£ and heaviest.
This reduction was particularly evident at the.lower end of the
scale., The curve was noticeably skewed to the upper end, and was
not normalwshaved, Although there was only one large modal class,
the distribution indicated possibly two lesser groupings between
the nmode 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 numher of wrinkle-seeded genotyﬁes as compared
to the smoothmseeded genotypes. Although the number of genotypes
in these lesser groupings 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 smoothe and wrinklee
seeded types .

More importantly however, the mean seed weight of the
wrinklemseeded group is 12% higher than that of the whole population,
This corresponds with the finding that seed welght of wrinkle=seeded
parents was greatser than smootheseeded parents in an earlier section
of this study (44} However, this contrasts with the results of
comparing progeny of crosses between those parents in this study
(section 444) and also the results of Shia (1976) who found that
wrinkle-seeded progeny were 6, 8 and 10% lighter than their smoothe
seeded sibs in three crosses, In this'present study, wrinkle=
seeded genotypes were both higher in protein content and seed weight

than _swogth-seededeeemiypes,

w—-—u"““—-‘“
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5544 Comparison of smooth=seeded and wrinklemseeded populations

The populations were éompared by the "7 test for unequal
sample size (Snedecor and Cochran,1967), The mean of the wrinkle=
seeded population was higher (p= .0l) in protein content and seed
weight, and lower in yield than the mean of the smoothwseeded
population, The yield difference has frequently been alluded to
in literature on pea production, usually unsourced, bui was
confirmed by Shia (1976). Similarly, the protein difference was
evident from the data of Fureédi (1970) and Shia (1976). However,
the difference in seed weight has not beern previocusly reported,
Since the difference is on a population bagis, it cannot be catepge
orically stated that all wrinkled seeds areheavier in seed weight than
smooth seeds, The data indicate that yield may influence protein
content, but séed weight does not seem to adversely affect protein
content. The actual difference of 1.6% protein content between the
two seedmshape groups is less than that found by Shia (1976) and in
‘an earlier éection of the present study (section 4.5), but in both

those cases the sample size was c¢onsiderably smaller,
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5545 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 actual unconverted data was used, replication resulted

in a considerable reduction in range of protein content (33%) and

2 lesser reduction in yield and seed weight (8%) Thus, replication
increased precision by controliing 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
was a8 effective in reducing environmental variability as conversion
to percentage of lattice mean. In other words, for protein content,
replication would give control over snvironmental variability as good
as conversion, so that it may have been possible to draw a distribe=
ution curve for proiein content without first converting each gencm
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 stlll very narrow.
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5¢546 Simple correlations between traits

5eDeb.l 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 35.2%.

That this correlation exists and is consistent over a wide range

of geyetic material cannot be ignoreds The r values ars lower

than those found in é genotype X environment study reported earlier
(section 4.1), Because the number of genotypes in each lattice

is considerably greater and the genotypes were randonly assigned to
lattices, it is congidered that the r values from this experiment are
nore indicative of the true relationship than those from the genow
type x environment studye.

The data beg the guestion, "Is this relationship important
in plant breeding?

Where it has ﬁeen encountered in other legume crops,
authors have usually been compelled to conclude that this relatiofi=
ship poses no substantial threat to the improvement of yield and
protein content, althoupgh those conclusions are often not supporied
by the data (sec Literature Revicw). Zoschke (197@) considered
that the relationship was physiologically based and that Wcorrelationm
breakers" would not be found without investigation of the physio=
logical bagis for this relationship. When the data from the present.
study are considered, coeffi;ients of determination from 6 to 35.2%
do not appear tooc large to be circumvented with an extensive breeding
program, However, when thls is coupled with the fact that the range

in protein content is very small, that the higher protein geno=

typesmmro—tTXETY~T0 b6 Wlinkle-seeded, and that the heritability

s b

e
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of protein content is only nmoderate, the possibility 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 preduction area, any yield decrease
for the sake of protein content would probably net be acceptable,
lLastly, and perhaps most important, protein content was not related
to protein quality (section 4.3). Thus, it is erroneous to breed
for increas;d protein content as a means of improving protein

productivity.

5e5e642 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=ome basls, Similar findings have been reported in

Phaseolus vulgaris L. (Leleji et al., 1972) and peas (Shia, 1976),

It has very important implications for protein breeding strategy.
Given that a desirable aim is the increase of protein productivity
per unit area, this correlation shows that greatest protein
production will come from genotypes with the greatest yield, In
other words, yield should become a major breeding objective for

improvement of protein productivity,

S5e5e643 Correlations between other traits

Protein content and protein yield were uncorrelated except
in four lattices where the coefficients ranged from r = = L87%%

to +,286%, Thus, in general there was no consistent relationship

between these two traits, Protein content does not contribute to

—
.



192

protein productivity., This finding reinforces the discussion ahove
{section 5.5.6e2) thal 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, signifiw
cant in four and highly significant in four more lattices. In
cther 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 thé sanme degree as yleld and seed weight,

All but two of the correlation coefficlents between yield
and seed weight were negative, and all except three were virtually of
zero order and nonwsignificant, The relationship between thesg
traits is in ore direction,but rather significant. -There is no
apparent reason for the three lattices showing significant

correlations, and their occurrence may be due to chance,
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6. SUMMARY

The contributions of genotype, location, and year to variam
bility in yield and proteincontent were estimated from a study of
25 pea genotypes grown 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 atirib=
uted to one location which was characterized by an abnormal growing
seagon, but there was no interaction between genotypes and years.
Protein content was almpst as variable over locations as among genow
types. Variance component analysis showed that locations, genotypes,
and unaccountable variation were ithe major sources of variance for
protein content. Covariance analysis, to correct for withinelocaie
ion differences in soil fertility, resulted in improved precision,
but the improvement did not warrant the expense of includiﬁg
covariate plots,

Protein content wﬁs_correlated with several plant traits,
and the relationships had important ramifications for protein
improvement strategies. Yleld 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 with variation in
¥ield. The negative relationéhip was lower but still significant
among 19 genotypes in a heritability study, and low to moderate
amopg 1071 genotypes from the U.S.D,A. World Pea Collection. Among

' bl

l the 1atbnr=geﬁa%?ﬁ§§f-ga' ficients of determination showed that between
.
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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 FZ popul=-
ations, indlicating that heterogoneity has a masking effect on
correlations between traits. The consistent negative relationship
betﬁeen yield and protein confent shows‘that'(a) protein content
data should not be considersed 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 fo flower, or harvest index, Thus, these traits ceculd be
manipulated independently of protein content. Since harvest index
was not related to yield, it was without merit as a selection
criterion for proteir productivity improvement in field peas,

In a maturity study, 25 genotypes were harvested at four stages
of maturity between pod-filling and ripeness, Fresh welght, dry
weight, protein content, and starch content were measured. Protein
content decreased throughout maturity. The genotypes displayed
congiderable parallelism in development, preventing inferences on
final yield and protein content values from being drawn from
development patterns, Unseagonal 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 noticeably different from the rest. The maturity

study data were moderately correlated with data from a large=-plot

8tudY'ﬁffﬂ’Tﬁﬁ-ﬁgﬁg_Egggkypes at another locatiorn in the previous

ST YO ...
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year, 1lndicating that the genotype x environmment interaction
attributable te 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 relationshlp contributed to the
negative yield=protein content correlation, There was some indication
that high protein genotypes aceumulated more nitrogen than low

proteir genotypes, but no indication that they transferred more.
nitrogen from the haulm to the seed.

Among the 19 parents of the heritability study, proteiﬁ
content was positively correlated with mg met/g meal, but not sig-
nificantly correlated with mg met/g protein, indicating no relatione
ship between protein content and protein quality. However, the
regression between protein coantent 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 53%) but the values
were probably more indicative of non-genetic than genetic variability.
Narrow=sense heritability was estimated by Fa/hid-parent regression
in 21 field pea crosses. Yield and mg met/g protein were not herite
able, while protein content and mg met/g meal were moderately, and days

to flower and seed weight were very highly heritahble, These results

Aindicated that protein improvement by breeding would be s5low, and

improvement of methiamdina ~~ =~ parcent of protein would not be

A

——xo= z2r that trait. It was suggested that
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methionine as a percent of protein, like yield, could posslbly be
improved by selecting for components.,

Smooth and wrinkled seeds borne on F2 plants in crosses
segregating for seed shape were compared for weight, Wrinkled seeds were

lighter in seed weight than their smooth=seeded counterparis of
comparable size in all crosses, although the wrinkle~saseded 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 accumunlation 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 4t Saskatoon in 1975. Yield,
protein content, protein yield, and seed weight were recorded. The
genoiypes spanned & 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 geno=
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, 33% of the
observed variability in protein content was envirenmentally detepr=
mined,

Comparison ofr207 wrinkle=seeded genotypes with 864
smooth-seeded genotypes showed 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

for WIEN Eeed 'eightiﬁ_E:inkle-seeded, but not smoothwseeded

gemotypes. Seed weight whs not correlated with yield,
AR

.o
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Thus, a breeding strategy for increased protein productivity
should concentrate on yield alone. Increased protein gquality,
in the form of increased levels of the firsit-limiting amino=-acid, meth-
ionine, will not be obtained by breeding for mg met/g érotein. Pro=.
tein content has lititle wvalue as a selection criterion ir 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.,
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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 negutively

correlated over locations, years, and & wide range of genotypes, .

The relationship diminished among heterogeneous populations.

This negative correlation is a major harrier to breeding for
increased protein content, since between 6% and 66% of protein con=-
"tent variation is related to yield variation, Physiological explane

ations for the relationship were offered.

{4) Protein content decreased with maturity, and was negatively
correlated with starch content throughout maturation, ITmmaturity
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) Methionine content of protein was low, displayed a narrow range,
and was noi heritable, 4 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 2 seed weight reduction in wrinkle=seeded
compared with smootheseeded progeny of crosses hetween parents

of different seed shape.

(8) ¥ield and protein yield were very. hizhly rel=ted,  Protein
P TORTent and protdin yield were unrelated.

Sl
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9. APPENDIX

Appendix 1 Mean valwes for single plant protein content,
height, haulm protein content, harvest index,
seed yield/plant, total protein welghi/plant,
and haulm protein weight/plant of 25 geno=
typos grown at Saskatoon and Nipawin, 197L.
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Appendix l.l &Single plapt protein content
of 25 genotypes at Saskatoon
and Kipawin, 1974
% Protelin
Genotype Saskatoon Nipawin
Palouse 24,9 18.4
P.I.356846 26,1 2046
MP783 24,7 17.8
Triumph 25.0 174
MP761 2l 4 1847
MFP702 25.2 18.7
Century 2345 19.5
MP790 234 1845
TI‘Oja.Il 2k lf 18 2
P.I.356885 23.8 20,0
P.I1.206790 274 234
P.I,357001 25.7 22,6
Trapper 24.9 18.7
Lincoln 26.9 22.0
MP?89 23.3 18.5
w718 . 24,0 20.1
P.1.356837 24l 18.0
w703 245 2045
P.I.324705 25.9 20,8
Petit Pois 26.0 17.8
MP712 23.0 18.4
P.I1.356834 23.6 19.9
- P I.269812 23.0 19,4
MP39 22.9 17.6
Mean 2.2 19.4
J————
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Appendix 1.2 Height of 25 genotypes at
Saskatoon and Nipawin, 1974

Height (cm)

Gepotype Sagkatoon Jipawin
Palouse 65 L7
P.1.356846 95 . 100
MP783 116 107
Triunph 65 67
MP761 108 95
MP702 110 110
Century 105 115
MP?790 98 85
Trojan Y4 81
P.I1.206790 98 111
P.1.357001 - 7118 2 118
Trapper 90 : 85
Iinceln 51 L3
Dashaway 122 107
MP789 .83 ' 73
w718 101 100
P.1.356857 102 97
w703 125 88
Petit Pois 61 . .58
MP712 111 100
P.1.356834 110 101
P, 1.269812 112 - 105
MP39 101 75
Mean 99 92
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Appendiz 1,5 Haulm protein content of 25
genotypes at Saskatoon and
Nipawin, 1974
Haulnm protein content %
Genotype Saskatoon Nipawin
Palouse 8.85 5.34
P.T.356846 10,04 7408
MP?83 8,56 he25
Triumph 8.07 5.1l
MP761 947 604
MPPQ2 8.69 5e65
Century 8.04 5.84
MP790 6.67 5.97
Trojan 750 516
P,1,356885 7.03 7463
P,%.206790 8.87 539
P,I1.357001 9.42 705
Trapper 8.02 Selk
Lincoln 7+93 5489
Dashaway 7+52 5.92
MP?789 7496 Se57
w718 6.88 be22"
P,1.356837 8. 74 534
Y703 8426 Se34
P.I1.324705 10,02 6.98
Petit Pols 9.52 5496
MP712 9.24 Selly
P.1.356834 7.94 6477
P,I,269812 747 6.07
. MP39 8456 6415
Mean 8.37 5.89
QU
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Appendix 1,4 Harvest index of 25 genolypes
at Saskatoon and Nipawin in
1974
Harvest index (%)

Genctype Saskatoon Nipawin
Palouse 5945 58.2
P,I.356845 49.5 48.7
MP783 5047 47.2
MP761 53.2 She
MP702 3.7 48.0
Century 49,0 1{-8.2
MP790 " 5he2 57.2
Trojan 47.7 51.7
-PoI.356885 48,0 4he5
P.I.206790 4547 _ 47,0
_ P.1.357001 47.2 9.2
Irapper 8.5 49.5
Lincoln 60.0 5645
. Dashaway L7.2 ‘ 48.2
MP789 53.0 550
w718 She2 5247
P.1.356837 48.0 50.2
w703 5245 5345
P.I.324705 38.2 5l.2
Petit Pols 5542 5647
MP712 50.5 50,7
P.I.356834 51.0 5.2
P.I1.269812 5l.2 4g9.2
MP39 45.7 L9.7
Mean 5046 5141
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Appendiz 1.5 Seed yield/plant of 25 geno=~
types at Saskatoon and Nipawin,

1974
Seed yleld/plant (g)
Genotype Saskatoon Nipawin
Palouse 16.7 7.6
P.I1.3563846 39 5.5
MP783 10.9 6e3
Triumph 12.9 : 6e5
MP761 6.7 5.9
MP702 6.7 6e2
Century 9.2 76
MP790 9.9 T Dely
Trojan 6ol 6ot
P.I1.356885 8.3 : 4.8
P.I.206790 16.7 . 7.8
P.I.357001 D5 547
Irapper 9.3 Sel
Lincoln 13.9 6.8
Dashaway 8.2 5.6
MP789 76 643
w718 D3 Le7
P.1.356837 Sel 47
w703 7.9 53
P.I 0321"'?05 4'3 4.5
Petit Pois _ 7.8 6.8
MP712 10.9 75
P.I.356834 6.2 449
P.1.269812 L7 Le5
MP39 6.1 : Ll
Mean 805 5.9
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Appendix 1,6 Total protein welght/plant of 25
genotypes at Sagkatoon and Nipawlin,

1974
. Total protein weight/plant (g)
Genotype Sagkatoon Nipawin
Palouse 5.12 1.7C
P.1,.356846 l.45 l.48
MP?783 3457 l.40
Triumph 3.81 143
MP761 202 le41
MP702 242 1.52
Cantury 3.15 2.01
MP790 2.92 1.28
Trojan 1.99 l.46
P,I.356885 2.56 Lol
P.I1.206790 6457 -1
P.1,357001 2,01 . 1.71
Trapper 3.00 l.20
Lincoln L.57 1.82
Dashaway 2w 63 1 035
MP789 ‘ 2.38 1.37
w718 1.57 1.20
P.I1.356837 1.75 1.10
W703 2450 1.29
P,1.324705 l.92 1.17
Petit Pois 2.66 1.5)
MP712 3.64 1.79
P.I.356834 1.97 le24
P.I1.269812 l.41 1.15
MP39 1.90 1,05
Mean 2.78 145
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Appendix 1,7 EHaulm protein weight/plant of 25
genotypes at Saskatoon and Nipawin,
1974
Haulm protein weight/plant (g)
Genotype Saskatoon Nipawin
Palouse 1.00 +28
P.1.356846 o4l 37
MP?83 «85 +29
Triumph «51 «28
MP?761 «59 e 30
MP702 +85 37
Century #9395 «50
MP?90 «58 .28
Trojan «50 30 ;
P.I1.356885 +62 o47 .
P.1.206790 1.92 51
P.I 0357001 058 "‘"2
Trapper .76 27
Lincoln +80 30
Dashaway «70 o3h
MP739 +56 27
w718 +29 26
P.I.356837 49 a2l
w703 57 +21
P.I.324705 81 28
Petit Pois +83 +31
MP712 1.08 38
P.I1.356834 47 «28
P.1.269812 33 28
MP39 ' 57 #28
Mean . ?l -32
P——
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2 Mean values for yleld, protein content,,protein
yield and seed weight of 1071 genotypes from the
U.S.D.A, World Pea Collection Erown in Zereplice
ate partially-balanced lattices at Saskatoon,
1975.
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Lalogw
Siary
20483200
Zdoulay
21lduty
19354u>
<100
2luaile
179vuy
<dadl)
B W
2d20% 3

Mg
Lad (Pay, 0y

[

ar

AR

fTEs

WK
LLS

AR

an
LY

Yield

&/plot

45,20
85 4.Co
854,67
451,73
L94b,53
B47.73
439,490
uldy .02
820151
ECi.1?
Tdb %4
Tdb, 71
ius,Ca
119.91
TT5,4C
179294
72.117
Pu&-lb
Tol.19
LT
fou. a4
64.2¢
uioby
tu2.Ck
Tor.ue2
Ti34.23
131,01
127,98
T20.07
Tii.y1
106, 80
10 . 3y
TidaL2
21,54
GoShagl
unb, 13
LTG5, 45
Lu4a ]
GO4 . 2%
aSk.deg
EEX A
wdl.5C
11T TN
037.04
0l6, 31
tlowzg
uldegh
+Jue 3y
we Lol
FEL P
afe.Cl
EET YT
EE L IE-X]
2deeeil
331.17
Bl el
329,24
Sdénﬁd
224C 94
52V035
NN &
13,00
40T, he
43u. 0

il fath g
da iy
Liasey

Prote{n

' content

%

24410
24,248
26424
25.41
24,57
25,82
25.02
25,07
2642¢
25.16
24,06
22.94
2&.14
£ha24
2u,23
26,5 1¢
24,5k
25,82

© 25,75

25,44
28,43
25,52
29.23
25450
25,3
24,13
22438
22,51
2bea
254114
FE T M
24457
27.47
22,177
23412
23,455
29,85
25.47
27.2¢C
22.%97
22,64
2451
25450
23.75
20.7]
21,24
23,5%
23444
2898
27423
20,44
27,54
23,36
2,50
26460
2henl
28,11
25,45
2aada
.4
27,85
2e.81
2%.37
26, 36

29,56
lel8

Pratein
vield
n/plot

" 228,82

2C8.467
222.81
214,5]
212,12
216,77
2lC.52
215.45
213,73
201,63
6,12
201,23
205,21
2C5.64
203,42
2Cl.92
165,12
196421
156435
L95,60
202,63
194,40
223454
e, 1%
162,46
175.%%
2,54
l67.C4%
L83.%2
171.53
182,03
175,34
162.¢3
160 .84

A7l.Cy

174,82
19¢,.78
177,75
lec.17
172.12
la7. 18
1éC. a7
165.63
151,623
low, 18
leS.6e
laa, 0]
155.2%
L5E. &9
lel, 42
66,3y
1b4.¢7
124,33
L-l.65
142,50
18Cauy
14%.¢3
130.54
L36.66
l6C, 72
l3¢.24
127.17
137,65
113.48

171,51

Seed
veiprht
/200 geeds

35.7
34,8
28.8
35,5
24.8
30.2
28,1
Al.4
29.1
3540
6.0
30.5
34,8
40,0
27.8
35.7
37.4
25,4
2740
T1.9
h49,.8
35,1
5!.5
12,1
39.8
2l.6
36ek
45,7
AT o4
3T
Glag
19.5
il.2
R Y
38,5
3.3
42.9
34,4
3249
3945
3.4
38,8
35,1
3.7
34,1
3 .4
3¢ .8
3%.6
£
2241
3.3
4149
“u.l
29,8
l6.2
Ju.?
0.0
Q3.8
27.0
2040
18.2
3T.5
33.9
55.4

1,6
el
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Lattice #4
Genotype

Pl 19434
P 19454y
Pl 2lubss
PI 222071
Pl 20s&81y-
PI 2u6dl3
Pl 2l43qq
Pl 21luseg
PL 212024
Pl l943sg
Pl 224877
Pl 21lue iy
Pl 19454,
Pl 195ug]
Pl 13434)
Pl 194343
Pl cleasy
Pl Ll9sgls
P 219745
Pl 194347
Pl 13435
Pl 2ubs¢i
Pl 1l943g3
Pl 221697
Pl 194545
Pl 21uass 4
PI 1949y3
Pl 13%¢la
Pl 2ilouss
Pl 215708
Pl flues,
PL 2luvns
TrRAPPL
Pl L4344
Pl 21usi.
Pl i95uc0
Pl 224174
Pl 2232u4
Pl 1ae3sy
Pl 212us)
Pl 198y,
Pl clevos
£l cliris
L3 lybuey
Pl lasgzy
Pl IR TN
Pl 210824 Wr
el L95075
Pl 228kl
Pl 21¢11¢
PL 212089 wa
vl 2luts33nn
Pl 216uss
Pl 222554
PL c2p0011
Pl 22uldy
Pl o2luG o .
PL 22ueis
PL Lany)y
Pl liagoe
PL Clevla
LA P EET YA
Plod2uyrs
PL 213414

ML AN
Lad {pay, W}
Ly

Yield

g/ plot

351.50
929.00
it du
87u,50
Boé, gu
o3, Uy
461,00
843,00
830,00
83,00
79U, Cu
7Tag,50
159.50
757,00
755,49y
743, 9u
T2d.00
125,00
T2l.50
T10.5u
725 add
7\15- Uu
698,85y
LY PYHN
Lafraduy
6785
X8 Y
LY 1Y)
Q48 .5y
647, by
6486 0y
643,59y
0h s, oy
542,90
B34, Uy
GIue by
LT-X BT
ud0, U0
pld.au
adl.b)
Sdu, GJ
596 cul
5304350
58.5. Uy
770w
575.5u
57 1. 54
54,50
551 Uu
546 .00
545, 5y
544, o
528w
224. 04
Sluauy
Sutsuu
493, Uy
didauy
404 43}
wnla oy
@59y
3dT. g4
3T, hy
RLY- VSTV

bhiagy
It esy
LT

Protein
contant_
%

26404
26.D6
25. 45
26431
24,18
44,45
25,68
24.75
25460
26.17
26417
25,59
25,97
27.24
25,04
25.5%
25,22
25.67
26,35
2T.82
25 .45
24,78
26,49
26.73
23, 75
28430
24,30
26.35
24,51
24,2
26,31

c25.5)

L4y gt
26,134
26,39
29,4
26,40
26,15
26415
25440
FE TS
26,55
25,75
264 00
5,41
26,14
24. 79
27.9)
4dT.26
26419
2B.22
29 &4
26,13
24,84
24, 72
27.11
29.00
25,55
27 .34
2T.p5
25.00
2T o%
26, 83
25,85

ehaly
XYL ]

Crotetn
yield
g/plot

247,44
242.88
234,417
228434
20,17
207,67
219, 35
208,25
212,50
20,91
206,41
195, 89
196,75
204,17
lds, 74
190.49
183,35}
184,14
175.72
198,41
l82.27
174444
183,10
182,04
166,909
19l.3g
169,90
176, 24
159, [u
157002
173,32
led, 72
15 5, fa
17u. 11
les 74
154,00
1h5, 454
161,44
Ioless
184,50
léle.4
156,71
150,43
155,494
L7, 2
150,25
léa, g9
157.11%
lé6,4q
142, 39
154,84
161,40
134,15
129,92
lab, 57
135,80
Lde, 30
119,59
lds.9p
128460
114,75
106.49
1da.L7

HS, 14

1A, 0y
A2, 43

Saad
weipe
B/200 geeds

33.2
35,2
33,4
1747
34,5
33.4
52.5
LT ¥
3%.9
A5, u
324
a.s
34,0
3043
32 4%
331.5
41.3
A4,5
EL Y
27,8
35.7
3a.2
35,5
30.0
36,7
36.5
33,7
2R .9
23.7
KX PR+
20.8
36.0
24,y
3.2
32,2
32 .6
17.8
2042
39.9
3T.3
33.7
lh .0
40,8
32.0
3l.0
34,1
LY
28,5
lﬁuq
20,2
40,7
34,8
2.3
EX Y
17.2
17.0
3r.2
20.4
32.2
29.4
w3.1
15.0
1742
21 .5
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" Lattice #5
Ganotype Yiald
g/ploc
Pl 244104 1304, 13
Pl 24410y wr 993,69
Pl 22uns. P32 ,94
Pl c2a561 53,01
Pl 23v4py 919.74
TRAPPEA dH3, 32
Pl 244]1,, ol 15
Pl 246113 an HH3,04
Pl 266101 w1 du7.13
Pl e¢lobas 862,67
Pl 24413, 843,99
PL 24u514 b 4324 62
P 24ayuy] 4 832,48
PL 240515 83l.1yp
PI 244349¢ gy da9%. 95
b1 244y, 828,95
PIL 244029, 518,34
Pl 2.%5a; 3.yl
Pl 240517 ax Bl by
Pl 2atles wa T78.4L
Pl Z244iue Wy T7i.09
PI duiles 758,07
Pl 264051¢ fab, 76
Pl 24sla} 745,78
Pl 2aa4])q 7395 35
Pl caelus 136, 14
Pl 24u5] ) ux TeT 24
Pl 264)r0 T2u, 29
Pl Zatleon 699,71
Pl 2wale? L1 $db .26
Pl caell, bda, 35
Pl 244)35y, 440,54
Pl dagy),7 &TLan?
Pl 229534 .27
Pl 246i2y alad 569,59
Pl 241544 &3, Ty
Pl cé4hy,, 657,29
Pl Z2ayily 0il.58
Pl 2484108 43 636,75
PL 2429004 63C.23
Pl Jasalyy 634,02
Pl Zag)ey blG. 29
Pl Z2ausig ulb.46
Pl a4l 815,06
Pl o c44]1lun buT. 52
Pl 236494 aJs5.72
L BPL N IR 591, 58
Pl 244089 e Sfaa5y
4 BT Se.12
Pl hale o w a57.22
Pl 2441y 552,068
Pl 244)0 han 53U A
Pl 2¢¢255 51y Bet
Pl 236490 4 Dt u]
Pl lagly 511,11
Pl 2%4]1s L Y- P P
Pl Z2iowi) UL T
PL 244841 wi “rilaug
Pl Z2aa]lp, “6Hd .59
Pl 227427 adh, 92
Pl 244y LETISEY
Pl 2wyuy, Gleyan
Pl Laaguy ay ER LN
PL langayi nn ER IV
MU Ay UL TS F
Lyu {P=y.yyy 2l
Ly LUl

Yrotein
content
%

26.91
27. 4%
27.28
26. 68
264,85
26411
27.01
28415
24 .16
24.34
23.93
24 36
25.26
24.67
29, 48
24,55

d%.l8

21.71
27,84
27.47
30.40
24,64
26,41
26,09
26,69
24,96
34,69
dA,63
30,54
30.19
28. 29
%440
26,53
25. 56
25,47
27.55
26,04
24,58

C 29,998

28675
25,72
24,21
24,65
2%.90
24,59
27.61
ig.13
28.98
25,79
25457
24,40
2H. 98
26,82
25450
&5,30
25, 249
25 .u9
25.67
26,733
£7.10
23 G4
29,72
KL P
249a0]

26413
ée 0

Protein
vield

&/plot

268,59
27%.dl
252.80
249,03
248,9]
231 .55
239,62
249,01
208,11
227,72
201.52
234,54
211,45
195.47
265,15
204,03
197.3a
221.57
240 .44
2lé,. 73
234430
186,31
198496
196, 72
194,12
la2.19
lau, . n
213,1%
213425
2ll.15
l93.17
167, 0n
175,34
175.30
163,00
lR2.ce
L71.99
162,15
190,065
17C, 54
162,44
15u.ny
152, ia
153,52
147,90
167.23
176,95
167, a4
lad, 77
139..7
L3, u5
154,08
137.44
135,35
124,75
127,22
122,01
123.9¢
112.2}
117,14
124.24
124, 4]
114 .4y
3. T7

193,04
Theds

Seed
weipht
g/ 200 aeeda

Bh.T
&G4 .6
3l.6
33.8
38.8
2242
37 .4
27.6
45,5
33,9
40,3
41,1
42 .6
LT
39 .6
36,5
49.90
32.8
3l.4
3446
kL |
3548
41l
36,0
3le7
LV
42.2
3r.1
35,0
I%é
e,
42 ok
33,7
31 a4
b6 .6
3%.4
32.9
37.1
43.1
4B .4
4243
45.9
52.4
10.3
35,2
34,3
39.4
44 &
Leg3, 3
“1.5
3%.56
43,7
17,1
57.2
Id.0e
52.9
25.8
QU4
39,1
1.9
25 .0
2Tt
“T.1
LAY

7.8
L7
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Lattice #5
Genotype

Pl
Pl
Pl
Pl
el
Pl
Pl
Pl
Pl
LA
P
Pl
Pl
Pl
vl
4]
4]
Pi
rl
]
[
£l
L4}
Pl
Pl
°l
Pl
Pl
P
L
L4
Pl
Pl
L]
[ ]
Pl
el
®l
Pl
(3]
#]
al
Pl
P8l
*]
L
Pi
L
Pl

244liolin
294186
24421y
2a42y
dabl gy
LoGluy 4R
244153
2446214
244157 a3
Lh8227 an
244luu 4R
Lhagly
2441 %50n
24419y
244] 2,y
24615 An
244137
244148
244135 Wi
2441 hy
FLLYVPIN
264199 4R
244 ]la7
2h4lbd aR
244131
cha2an
24%,45 T4
2442 9y o
2941606 Ay
4% l4y
Z2auly]
G4 lzs
Rht]Say
EL LY ¥ ey
Rablay
244 ke
LY {PEY
Lo lay
44ty gy
o6 L Tuy
Chellyv un
246172 ax
4% lbbn
246214
&a4129 44
204168 an
24424,
aw4lous
294 ls5a

Tn AP Pén

vl
Pl
el
Pl
Pl
PI
el
¥l
[
Prl
i
Pl
[
Bl

2441505 na
%4177 wr
244f 35 4n
Larisu
2waZl9
2441 4.,
Lhalie
244130 un
246 L4, wx
LLEFAVNINTS
Zaelfo
ShG LTy
dabl 0 an
awnlian de

M A
Laud {P=d.ds)

Ly

Yield
gl oloe

1234 ,a5
lua Baag
A TENT
90449y
680U, L&
878,84
874,91
464,47
d54 .94
837.235
430,64
830,22
B25, 6%
806,37
ddl.le
T49. 4y
794.5]
T75. 24
I14,.54
60,72
T«ﬁ.OJ
Ta2,.74
733,26
f24. da
719,85
719,38
Tug. 2v
637,84
694, 56
LEFIS T}
oil.eg
637, 5%
682,98
L1 P¥E-1)
6dl. 12
bdda.53
ool. TT
L P
643,84
bhl, 72
H39.u9
6i39%.]16
babegy
61262
it 73
619, 39
Gld.gl
delJ9
adi.le
kL ¥
59045
457464
SHlawl
Sdle 33
S58l.e3
580, 02
50747
237 66
506,50y
el
EET- Y- 1
KFETNIY
27,7
JJ“!Qb

HIbanh
[RVITIRF
L4a 34

Protetn
contant
H

26,05
26431
23,99
28.43
23.24
28,71
26.54
26419
29,25
2A.11
21.52
25.59
25 17
25,99
25.23
28. 60
24 443
24,68
28.75
24 .47
23,38
27,67
25.72
24,51
24,72
27.50
26038
23.14
2,72
24,53
264 .55
26438
26,6]
27.05
24.54
2he2h
25.uy
25,99
29409
26,30
25,27
29404
2988
25,04
30.10
23.50
25425
24 .64
25.00
21.32
2he 39
280.156
29.06
26489
28.93
24 .45
24449
29.7¢2
X A
2d.75
26.67
P4 TS-T)
30,87
JJ. 84

26493
IIHL

Crotein
yisld
pfplor

308.41
276,81
216,03
257,63
203,97
269,42
232,75
227.89
25J.45
235,47
227,113
212.94

. 212437

207,37
201,73
228,57
194,31
195,33
222,59
184,97
~191l.25
200,77
lE8.36
205.33
177.14
123,85
1871. 74
195.47
199,717
lTu. LS
L70.07
179,37
180, 31

183-55‘

1674405
176,20
18,22
198,33
186,14
169413
lét.a3
185,92
19u,23
197.49
184,50
176.3%
158,45
14q.5£‘
15J, 37
162,72
156, 4y
163,29
17ducl
155,40
162,55
142,30
134, 72¢
165, 26
157.27
la6,.1u
125,61
1l3.uy
121,83
Lit.ne

1AA, 34
55,8

Seed
weight
£/ 200 soedg

S53.4
30.0
50.0
aTI 1
50.8
39.5

. %).9

47'5
38,5
31.7
37.7
4l,48
34,3
23,6
39,3
31.5
4l.6
36.9
39.8
33,1
37.1
“0,.3
50.7
35.2
3B.6
49,5
33.3
39,3
36.0
4% .1
“2e0

- 33,0

66,2
37-‘ -
7.0
“9,3
33,9
40,3
as,2
68,0
Al .l
31.5
52.5
53.4
29,9
3%.2
L2 .4
37.8
84,0
22.7
5748
“0.2
34,2
60,43
33.5
“Tet
3.3
57.1
e, }
“3 .4
4&. 3
4q.l
€2.3
LhaO

4l .0
35



‘lLattice #7 } :
Genotype Yiald Sratetn Crotein Seed

content yield welght

a/plot % a/plot £/ 200 seeds

Pl 2495642 Llvg. s T23. 36 ~257.17 =29 .7
Pl 2ulans 10%6.,00 25,34 286,21 £0.5
Pl 2at43, lu4s.go 25.78 270.32 28.6
Pl 25&ugs5 idZ2e .0y 24,85 255,15 bb 4
Pl 244cnp lu25,.5y 25.33 . 260,77 40.8
Pl 266437 yu 10224 0u 27.01 275,74 38.1
PL 246247 W1y.54 25,21 2513, 55 4547,
Pl 26laiy 1voon, 50 26,95 269,43 42,1
Pl 249644 Y85, 50 24e2] 237.91 7.6
TRAPPER M 30U 25,45 252,39 22.8
Pl 2504468 4¢ TG, by 29,13 284 ,.0 4246
PL 2aT593 9719, 00 26.19 2%6,14 36 .6
PL 26leén - 976,50 24,17 233,63 47.3
Pl Z2ut2s) 371.00 25,35 246,38 49.5
Pl 281244 9855y 25.11 240, 44 427
Pi 244253 450 ,0u 24,84 235,28 40.1
Pl 2%C447 an s U 2d. 55 257. 78 65,1
Pl 26423, #91 .04 26,68 238,57 2645
Pl 24384, 455,50 4.0l 216,07 33.5%
Pl 25lu3) 819,50 2he 2] 23U, 4y 22.1
Pl 24427 479,50 27,44 242,17 0.2
Pl 201540 ax 86245y 2R,37 262 .Uk 5.5
PL 26424y 842, 0y 26,416 220406 7.4
Pl 250444g 837,.0u 24,30 207,481 3848
Pl Zulois 42 desi g 27,07 266415 4044
Pl 2oisig B34%.5u 2T, b0 22741 ° 386.8
Pl 24304, 326.00 26,92 204,74 64,5
Pl 25344 Ai&. 50 24,495 207.26 bbb
Pl 24425, Ale.50 264,59 21,013 36.9
Pl 234528 4l1.59 26434 2l4 .06 35.3
PL 243547 0dd. 00, 27, 8% 225.t6y S0.8
Pl 24424, 4J 3,00 25,25 204,43 48,7
¢l 250435 8Ll,J0 26,83 197,24 3544
Pl 254270 T39.00 25,71 201.78 5847
Pl 244235 an 740 .00 26,27 203, 549 39.6
Pl oQanly) ) T76.50 26,37 204, 32.2
Pl 2oiosi 172wl 24,85 191.%6 52.3
Pl 2udias k3 T70.50 28.94 223,24 alet
Pl 2aGgogs 156,00 24,49 190445k 56,1
Pl 2uibne 755,50 26.77 200. 175 iT.3
Pl 2449045 TS3.uu 27.7% 208,24 22.7
Pl dblale 149, 0u 23,13 173.57 4l.1
Pl 24424) T47.50 23.9% 173.8) 3.5
Pl 2a4234 185, 0y 2%.45 189.77 4243
Pl 253ty Ted,50 ° 21.90 206,%4 17.8
Pl 234250 ad Tib.uu 28.74 213,29 &3.5
HLodesgy, Tidasy 26427 1si.40 3.2
Pl 244239 an 72T .uu 28,55 207, 64 35,7
Pl 2eac72 717,00 27.us 194,49 55,3
Pl 243207 an 7ld. 50 2100 19d. 91 40,5
Pl 2604235 - Tus, 5y 28,82 202,40 479 ¢
Pl 2aiolds ax 694, 5 27.30 123,42 L3 Y
Pl 25344954 92, 5y 26,19 17:. 11 31540
Pl 2eals? oTu.bu 244,74 167.80 6t.0
Yl 2nlsay bb7.0u - 26,41 174,70 46,5
Pl o2slesy 64700 27,63 175.05 55,5
Pl 230443 44 LS T 3o, 19 193, 58,1
Pl dnlbes d9, Ju 254 TU 1h3,27 56.5
Pl 244240 64450 28.1% 17¢. 74 50.5%
Pl Zolood i S ¥,. QU PASST: 161.34 43,6
FL 22044y an SY 6 JO 28,59 171,42 49 .4
Pl 2a4lss 330,00 26443 150,94 3,1
Pl Zuwgsl 57U. 50 27,27 164 .4] 56.7
Pl 28903 an 56y ..Uy 23,97 1360 31 56 .2
MEaN Alh, 5 2boty ld, 4 L h3al
Lot 10e).95) LT lete? LTV Luen
oV Ldwun



Lattice #8
Genotype

L}
2l
Pl
4]
Pl
L]
Pl
[
rl
[
4]
Pl
4]
Pl
Pl
Pl

Luraes
2hb:470
213219
2597d4
243329
28971y
253764
263JJg
26579
209733
2&3aL)
203d43
o974 2
2aulsl
26l6Tu

FRARPE

ol
Pl
)
P
Pl
’1
°l
Pl
Pl
iy
Pl
Pl

vl

L
4]
L)
Pl
el
vl
Pl
el
Pl
Pl
Pl
el
¢l
Pi
Pl
Pl
el
WPl
Pl
Pl
P
P
Pl
el
P
Pl
Pl
Pl
Pl
vl
Pl
Pl
Pl
Pl
Pl

2631717
289778
2ol
20930y
L0973
lidigun
2695,
ICEREY]
260304
lo2u4?
263737
242027
23lata
2697 ls
2als 1§
Lo3Jid
'4 B RN
Ccbloull
265735
daduly
263731
269750
269714
Z2aloT,
26159y
2a3als
2oddd]
26971435
2olel?
265733
453013
263107
29T ts
2o93u2
2udt iy
203dAT
2017134
209775
269747
dasdle
2637y 2
283022
2uds et
FERNNT)
colbul
datdls

dovlos

2alnli

e Ay
Latd (e, Do)

oy

222

LLY

LTY
as

an

L LaY

LS

w

i

Yield

cfplot

12r7.17
leata 17
118b,.27
1176,.62
Lis7.55
1142,76
1ll3,39
1l0d.57
Lide.u;
loel, a9
iVdE, Ty
lUBé . 4s
lug3. el
lun2,2s5
lyse, 25
lusc. gy
lué7.1])
LIL7.24
ldus.ay
luvs e
537,44
Yo Ly
975,34
918424
73,01
459,75
Witeds
941,52
941.11
93l,ua
F2Y .57
Yel. 19
920 .u3
9l6.4d
L2 P T
WG, 97
949, s
vute 13
364,95
Sok, #l
dall, %2
549414
niba 20
Hl 7,55
gla,03
Gl a7
dJde.l7?
LIV 3]
dJdu .90
777405
785,39
Ttu.ad
Tov.17
Talaut
124,42
TS, us
b9la ¢
bnd.ng
617.3d
bht 22
o, o
Hleg LY
F T RAVE
hdh, e

LR s
w8aly
l1oalu

irotedn
content

%

23 ,42-
24. 7%
25,30
25.27
25440
23.95
25,08
22.85
24,39
26,82
25459
24,27
24,57
26,35
24,32

‘2hy 36

2148
25,52
26.4%]
27.35
25,89
25440
25,58
25.07
25.013
25.219
2%, 4]
26429
24,135
26454
26460
24,32
27.03
22,98
24.93
24,32
26,70
22,53
L T
25,33
24,34
24,84
26498
2ha TS
25,95
25.15
29.17
24,99
P Y Y
2T4894
28, 64
26475
20,11
¢latia
256.5%6
25.98
25.12
25,52
29,20
23.81
28,1y
PP R
2hyAn
d? sha

2ha T4
217

Jrotein
. yigld
g/plot

293,93

303.30.

307,44
298,19
292,41
2TLlet3
277.53
253,62
263,565
293.2)
275, 14
261.93
266.46)
286,74
257,495
256,95
28l.14
258,61
265, 5]
2T4,30
258.689
255, 38
250,97
254,43
242, 30
242,71
26] .49
26F 5]
229,3})
247.5%
ehfiang
E25.25
247, 74
203,560
223474
22%.439
223.74
202, 36
227.0%
233,45
204, R4
206,49
222443
217, 44
2135.31
20..91
226404
201.%%
232,72
220,67
222,084

C2US. 1)

169,40
20l.4f
1A%, 3¢
182,91
L72.27
L75.05%
L9k 45
158, 40
183,35
155,40
49, 1y
la% .47

- LT Y
LT )

Seed
waipht
g/ 200 seedn

38.3
34 .3
3s.0
33,2
12 .4
40.9
“2.98
46,2
49,0
60,5
4146
15.5
54,8
19.46
42,9
25 .2
34.5
5.9
255
.7
60.4
30,9
3,5
Al.y
24,5
34,3
75«3
3,3
50,5
13.9
8l.6
64T
35,1
3.7
57.7
SJa0
55,9
T4 .6
63,2
43,0
50 4%
34,3
£1.23
4l .3
22.7
HE L3
1§40
49,7
4R 43
59,8
0.7
53,7
15,4
P8.9
59,5
5Gah
5&.1
Q.2
59.0
IT .4
Gl 5
4had
26.9
LI

L]
te B



Lattice #9
Genotype

eI
Pl
P
21
Pl
Pl
Pl
Pl
P
PI
Pi
P
Pl
el
Pl

le2l7s
1&64a3s
La2asp
L6466
le2e 32
lodlzg
lo47u7
ST NETS
le¢ey)
143443
Levars
1979y
121374
Laa2ys
lesles

THAPPER

2l
Pl
Pl
Pl
Pl
’l
#l
2l
Y
Pl
'Y
[T
b1
Pl
Pl
PL
Pl
Pl
Pl
o1
Pi
T
Pl
Pl
Pl
21
Pl
Pl
Pl

TPl

Pl
P
Pl
2l
Pi
l
Bl
¢
k!
Pl
Pl
el
Pl
Pl
#l
2l
!
£1

o462y
L23bse
llades
Lowlie
[X-LP Y
ITL PN
lokisgn
L23ia7
121302
T LLY N
Lidsuy
La2ea)
Ladkes
loaaley
idubig
L42777 wi
163134
124244
Lioszs
1402%0
Li7120
lod4l7
Latii4
Loslz2y
L17934
luadds
L2320
[ENPEY
1922244
125612
Lis )ty
Ledy ju
la2aany
135147 wx
Liall}
Litdas
11T
LaUd 3o W
121317
Losaly
[EYFEE]
L4211y
164l 31
lodale
1luber
fuodag
PSRN
1dbuau

Me Ay

Laid

("}

P=J.dyy

Tield
n/plot

1623.67

1449 .80
la4s,5)
lL44] .58
1415 .85
la4i3,24
La04 Qg
1394,02
liszety
132]1.29
1319.17
1e97.65
1239 ,08
1288,49
126b.19
145,90
LeDUs by
1257 .36
1251,.8%
1235,45
1eil.58
1223.53
leluass
l2ius iy
1203, 42
1évl.s
L2Ju.17
1194, 340
L1%u. A9
Ll8s, 45
Livl.ie
1130,45%
118u. a3
1167.44
154,74
L13s.08
1137.38
Lid4. 22
11224401
llls. 2]
139,77
ludt.ie
1096 .02
luds, 37
tukl .23
lu7s.z21
lu??.15
Llub2,,6s
lLeg, 2p
YR TN N
10s1.a9
ST2.4 0
1T La bt
b a9
GO datid
152,54
331 .45
15,03
YUs .17
Yac. 37
GTlané
Teoa.ll
626075
ShYuel

Liad, 44
2launs

1laus

Irotefn
content

%

23.38
23.13
24,52
26404
23 .04
23.28
2. 10
25,046
20. 86
23,59
26405
25,04
25.26
23.34
23,23
22,53
23.01
23,56
25.76
23448
23,35
25%.48
24,67
22 40
24,77
24,48

2haf2

2hab ?
23,133
23.29
25,49
24,87
23.11
24,75
24,33
Z23.63

24,79 -

25.07
25,95
23,37
26.89
23,65
28,24
<360
24.R9
25.75
2le 4
2l.18
24.35
25.12
26412
26480
25.07
27.55

24,27

25.94
25,59
24,24
24404
25.62
24,61
26,39
ZhaTs
2T.99

24,52
2e62

Protain
yield

gfplot

3r7.27
139,46
367,43
3a0, 74
338,03
329,49
252,79
353.08
279. 78
3ll.14
346,21
325.27
324,18
295406
265420
281,02
LHH,. 52
290,10
35457
292454
286.75
315,38
299,43
2BU, LT
299, 72
299, 54
297,6]
LY Y1
278,712
275.80
3ol.z27
290. 46
270, 3¢
283,65
284,04
264, 7%
276, 21
Z2RE 64
284, T4
256413
294,22
259,13
292,12
257,04
27¢C. 0%
2RT. 95
228417
230,64
56 18
269,45
264,10
2t1.73
23R, an
278,56
242,07
235, 0
237.57
218,29
2312.07
225,431
2244058
195,142
159,47
125, 14

CLIV §)
FT.50

Seed
welpht
8/200 geeds

45 .9
32,7
36.4
35.4
46,2
38.2
38,5
35.9
43 .46
59,7
2%.3
54 o4
35.2
3.2
34,0
26,5
40,7
42,3
49,9
42,1
"‘0.0
20-]
42 W4
2.6
30.9
33.0
29,2
31.1
24,3
37.0
8A .1
3244
34,5
37.3
51,9
32.9
30.1
35,4
31.3
35.4
fl.2
34 .3
32.1
29.4
30.7
“2.%
5%.3
44,4
43,2
65,7
17.7
1.3 .
61,3
‘00-2
23.4
32.0
26,3
32 .4
19,2
6.7
“3.,0
17.1
2042
17 .4

3144
% oA



Lattice #10

Genokype

Pl
Pl
Pl
Pl
Pl
Pi
Pl
Pl
Pl
£
PI
Pl
Pl
Pi
Pl
wl
i
Y
Pl
Pl

Bl
kl
»]
Pl
i

2bd9dly
LuRbls
165564
211121
2698907
272143
271ills
269404
2869305
lo4yig
469312
eTdl44
do9dl]
1lo4972
21215
ELTT Y]
412154
271503
210338
lsa9r)

aTh

erels)

21l
lbeyay
230db 4
271514

TRAPPER

Pl
Pl
Pl
,l
Pl
Pl
© Pl
Pl
Pl
el

o

el159a
271511
losigq
dTeins
2721 4a
&Tlley
Eidin,
de9325
Lot 142
272153
21353

LA SOV EY]

2115a7
la5577
dTdlay
Z7L114
les3i7
2hdui.
L093 L
ERFH R
212154
dtidan
eliaan
271l
Juddit
drfluss
lusiay
eflicd
ETLLL?
ET2ial
2odade
43R TN
26idl.3
aflddi
Lobual
14274
dbvdl]
lonJdy.

Meoay
Lal) {Pxg.99)

Ly

Ar=
LI

An

R,

ad

224

Yield

&/ plot

1509, 39
L5ug, 72
1a72.69
L36B.08
1359, 7]
1351,55
Li2B.14
l3l4, 06
13lj.19
1274,44
1262444
ifa5,.82
1241404
L233. 74
1225, 40
12la, 18
Ll%6. 44
1195, 44
1190, 52
LisS.09
Lldbh, 4g
1183,4)
Lisg.a7
lldz.ﬁu
LL?77uHs
1173, 44
Lilvue 13
Ll40.5)
1il6,57
luau. s
1079 .43
LuSe. v
1058 ,ce
103 .59
LG35.54
ludb s
luds, 15
123 0
luZ2, 35
lu21, 94
Yibeusr
FI6 455
LRV )
930,22
6%, u
GYty av
938,20
LR
wrliel]
YYa, 79
deddag?
7364 41
MT.17
fadlaly
Tiv.le
TOs.lu
6ll.os
bub, 4y
649, U
553,15
551,97
ety 1}
R 2N
Jhid, 4y

1Jeg, 11
£f3. 0
lien

{rotein
content
4

24 .84
23. 711
2%, %8
24.63
25%. 10
25.0]1
2640
23.63
25475
26,43
23,73
26.64
23.97
23.39%
25.58
27. 358
26,29
23465
24,95
25,12
25,91
2310
26,461
2He 32
28,13
24433
2de 56
23.22
2%, 94
2161
26,91
26,94
27434

t23.73

24, 2%
25.54
26,338
234 34
23 .66
24,84
27.71
23,89
24,13
25.45
26,30
26, w]
25.91
2B.57
2T.83
28.11
26451
26,50
26Hat4
21, 40
2%,54
24,175
30,05
28,91
27.A
AR, T2
2T 20
2Ts 0y
2d. 54
27,95

246,11
le78

Yrotein
yield
8/plot

b6, 44
344,82
344,51
341.8]
352,04
335.71
344,27
304,17
339,49
332,05
302,44
327.49
298,17
280, 59
311.33
329,47
320,491
2T7.73
2%3,13]
0103
297,k2
281,40
dl3.2%
344,49y
27 6y
LRT &
3% 52
267,31
2TR 4]
Z87. 33
285,3]
290.H0
28R, &5
252,97
269,16
273,11
2T9.22
289, 79
236,131
241 .98
286, 46
239,7

240411
260414
253,17
269, u%
2iR, 57
268,24
257,75
251,935
222,44
212.72
210437
213447
190,70
L7700
203,49
191,54
178,4)
150,78
148, .2
155,17
165, 14
F0.74

A6, 14
at,

Saed
weight
R/ 200 geeds

27.1
30.2
34 .9
38,7
28 .3
30.1
LRab
42 o4
“9,2
3,8
33,2
38.7
34.9
43.9
2346
1.6
249
5847
47,2
59.3
39.5
69,3
35.1
3l.1
53.3
2%,4
5243
57.2
37.7
43 oty
27.3
36,4
44 .9
45,2
294
23.0
34,3
6% .4
%2 .5
32.3
24,1
18, §
3l.2
18.9
2lal
A7 .3
2L .9
11.8
2043
2Ly
20.¢
19.4
23.8
15,2
15.7
18.8
35.2
“5.5
2l.1
3244
19,1
lé.8
44,5
14,5



225

Laretco 211

GenoLype

L4}
4]
Pr
PI
Pl
PI

2722ta
272172
272161
272202
272200
272166

TRAPPER

Pl
Pl
Pl
Pl
PI
Pl
P
Pl
Pt
PI
Pl
Pl
PI
Pl
Pl
Pl
Pl
PI
Pl
PI
P
Pl
Pl
PI
Pl
Pl
Pl
Pl
Pl
Pl
P1
PI
Pl
PI
Pl
Pl
Pl
PI
Pl
Pl
PI
Pl
Pl
P
Pl
Pl
Pl
Pl
Pl
Pl
P1
Pl
Pl
L4}
Pl
PI
Ld}

272204
272191
212186
272180
273875
272190
272207
2712201
2712211
272184
272164
212169
272162
272119
2712175
273605
273674
212167
272159
212215
272458
272157
2r21r]
272203
2712183
2121464
212160
272199
272118
212204
272195
272194
27247
272212
2rziay
272193
272205
272204
2721713
Zr1zZira
272198
272155
2r2216
2T221%
27121711
272217
212189
27121174
272142
272156
272209
272213
272105
212191
272198
272185
212182

MEAN
LSD (P20 ,05)
v

§TR

3TR

STF

Yield

Efplot

168,64
749,05
733,12
721.23
Ti7.75
T17.44
Til.54
710.87
T10.3)
107,72
106,99
703,94
694,70
680,02
675,02
674,57
668,03
652,29
651,07
‘B3r.47
632,18
625,27
625.15
623,42
623,20
621.73
Glé,20
615,94
613,19
007,63
607,17
602,16
6N0.15
565, 1Y
589,48
586,72
585.99
578.67
573,00
571,89
564.06
561.82
561.38
554,69
557,41
554,42
551.88
534,35
534,00
523.16
521.26
511.01
507.73
906.93
564,09
491,17
488,52
488, 4
461,98
4%4]1.69
432.90
40T, 16
400,83
365.47

595,09
140.47
11.73

“rotein
content
Z

25,7¢
27.10
23.90
26,85
24485
24.89
23,10
24.85
23.65
23,95
26.08
25,35
24445
25,35
26,20
24,50
25,25
2%5.00

26,10

24,89
26,39
25,65
23,45
25,15
24.12
25,85
25,80
24,95
26,05
24,60
23.40
26.00
25,75
24.95
24,90
24,75
28,35
26,75
27.65
24,00
26,00
25,50
28.06
26,45
26,20
26,40
26.8)
24,99
26495
27,45
25490
26410
264,29
2T.80
2%,A5
27,05
27.80
24.75
26.08
26.05
24,489
26.05
27.20
26,49

25.64
L.79

Pratein
yield
g/plot

t9d.18
202.55
176,623
179,82

177449

179,19
163,30
174.81

169.26 .

170,34
182.3%
177.04
17C.90
173,27
178,41
164,92
168,12
163,33
169,55
157,138
168,59
157.95
150.138
158,72
152,08
L64, 086
162,02
153.19
158,95
148,83
141,22
156,20
153,22
151,53
145,51
145,n7
l61.92
154,12
156433
138,93
143,55

144,18

155,10
147,24
144,95
145,83
150,32
133,55
143,34
145,76
135,58
134.79
134,28
141.99
124,74
129,58
135,80
120,17
123,04
l1l.21
105,63
106.04
127,4%

95.569

152.15
37.34

Seed
welpht
£/ 200 meeds

22,4
L3
36,0
30,2
3%.8
31.9
25,3
348
35.4
3ta
18.8
304
29,7
21.4
3.3
60.58
174
33,7
196
33,9
23.0
29.3
53.1
28,4
53.8
39.9
22,3
50,5
21.8
39.1
32.6
26 .6
49,4
40 .9
2.4
3a,}
18.3
3l.s
38.4
56.0
40,2
34,2
34,2 -
37.5
27,6
32.0
33,9
23.6
20,3
19.3
6l1.5
39,3
25,6
23,9
7.4
4N, 5
19.1
45.46
&7 .9
ig.?
24,9
2744
19.1
55.3

314,13
Te?



226

lattice 412
Genotype

PL
rl
Pl
P
Pl
PI
Pl
Pl
Pl
PI
PI
Pl
[
Pl
Py
P
Pl
Pl
P
Pl
Pl
Pl
el
PI
Pr
Pl
Pt
Pl
PI
Pl
Pl
Pl
1
PI
Pl

280244
280248
280237
273676
280619
280249
273679

280254 .

273680
275639
2302451
274584
280250
280249
280241
280620
280243
2T5638
230405
280253
280518
2195825
280244
240616
273617
280417
280252
275640
275420
2060234
28025]
217351
280245
280513
279323

TRAPPER

Pl
]
(|
Pl
Pl
Pl
Pl
Pl
Pl
Pl
Pl
4}
[d4
P
Pl
Pl
Pl
PI
3]
Pl
Pl
PI
Pl
Pt
Pl
Pl
Ry
PI

280614
280603
200242
2Tras52
280608
279827
280604
2300621
273073
280236
24321315
280604
21308)
279924
200012
230774

280607

2154326
27130824
280615
280239
280238
240509
215922
27021
2714303
280610
215429

ME AN

C

WR
LL3

WR
WR

WR

AR

wRt
AR

WR

WR

LS50 (P=0,0%5)
v

Yield

rnfplae

920,50
860,00
859.00
846,50
861,50
835.00
824.90
822,50
799.00
197.00
7196.C0
789,00
784,00
771,50
T64.50
T4 8,50
750.00
749,59
T48.50
147,50
146,00
738.00
T35.50
134,50
726,00
120,00
720.00
718.00
709,50
G99, 50
6983.90
v94,00
692.00
692,00
690,.0n
689,50
6B8,50
687,50
686,50
484,50
477,50
677.00
6T3,50
649,50
066450
066,00
463250
458,50
46,50
543,00
632,00
627.50
623,00
605,50
587.00
386,50
585,00
585.00
559, 00
494,50
496,00
491,00
432,50
427,00

696.86
160,50
L1.46

frotetn
content

25.50
25,80
256,20
26435
28.30
25.85
24,55
24.81
25.10
25.90
2%4.50
25.40
26,10
26.40
26,10
25,10
25.70
25.20
28445
244,45
28,50
27.3%
25.09
21,25
24445
26.95
26.70
25.30
25,95
25,90
27.560
24,20
26,80
29,60
29.30
231,95
27.00
25.85
25,40
25.95
25.75
24.10
27.95%
26,00
25,435
25,35
26,40
26.50
25.10
24425
26.85%
26,65
25.25
25.3%
26420
28,25
24445
25,70
24,480
26,60
28,20
21,30
28,50
26435

26417
2.10

U'rotein
vield
gfplot

234,84
222,05
225,26
223,07
238,52
215,80
203,03
204,98
200.70
206,82
194.99
201.54
204,65
203,30
200,23
190, 64
192,89
189,53
212,74

ta2.97 -
.202.38

2Cl.9n
184,67
199,84
177,24
194,28
191,03
18l.84
184,05
18K, 73
192,79
148.n3
185.31
205, 34
202,04
164,06
185,89
177.7s
174.74
171,234
174.36
163,51
lea,as
174,40
168,78
t68.56%
174,43
174,71
161,85
169,74
1T, 72
167,29
156.79
153,11
153,50
165,69
142,95

- 150434

150,36
132,062
l40,07
133,94
123,59
113,48

182,17
46426

Sead
welzht .
g/ 200 geedn

37.6
29.0
37'5
T 30.4
41.4
$3.0
36.9
37,5
35,2
33,3
34.3
34,0
33.3
2.8
35.4
38-3
35,9
30.%
16.n
30.2
33.9
3‘.3
33,0
33,4
31,3
47,2
3.2
36,0
3.9
37.6
32,1
28,8
35,1
9.0
37.6
26.4
42.8
31.2
34,0
32,8
21.7
49,2
31,5
35.5
3l.8
31.2
2l.6
33.5
38,5
ia.8
91.9.
26,13
.0
32.7
5.5
36,3
37.3
| LY
36.3
82.4
13,9
29,4
38,1

34,0



a27

Lattice #13
Genotype

Pl
Pl
PI
pr
L4
Pl
P
44
Pl

285746
299024
28571a
288021
285740
Al4 795
2B5744
288031
288025

TRAPPER

Pl
I
Pl
Pl
Pl
Pl
Pl
3]
3]
Pl
3
b
Pl
Pl
-PI
Pl
Pl
P
Pt
Pl
pI
P
Pt
Pl
P
Pl
Pl
Pl
Pl
Pl
PI
Pl
Pl
Pt
Pt
3
Pl
PI
Pl
Pl
Py
Pl
3
Py
PI
3
Pt
Pl
El
b

t

2848030

WR
WR

288028 ,

280626
285724
2685127
285721
2asriy
288022
285730
2857128
286607
285725
293426
288024
280625
295722
288023
285734
285719
299023
285720
280623
304533
245715
265737
285704
280622
285729
306592
285712
285745
2857134
288027
2485743
285732
285742
285739
285736
285721
306593
285723
245107
285741
245731
285714
285713
285726
285749
288024
2untis
244, 14
297082

N.n.cl

kL

295430

ME AN
LSS0 (P=0,05)

Cv

WR
WR

WA

WR
WR

WR
WR
STR
STR

WR

AR

WR
HWR

wWh
WR
HR
WR
WR'
WR

PR

WR
WR

At
Wi

Yield

g/plot

846,47
836,94
T76.17
770.85
767.86
737.594
136.03
736,02
729,12
127.26
126,45
726,17
120.57
715,35
713,13
706,01
bdZ."oS
679,12
670,14
b65.18
LT P
653,18
649,464
645,91
G562
643,11
638,71
636,26
634,11
631.59
623,52
621,01
619,46
618,12
614,91
614,58
613,77
¢l2.98
411.88
607,82
603,51
599,73
589,57
565,61
G61.52
559,86
558.97
557.00
4,62
V49,17
946.54
542,70
521.26

319.06

518,061
509,23
500.42
481,29
474,17
LYRIST
411,54
365,17
65, 44
233,35

617.61
199.c7
16.04

I'rotein
content
4

24,55
264,80
26,95

24,95 |

29.20
27.35
28,75
25.10
24,15
25.65
25,00
26.7¢
29,55
28,50
24,95
23,55
27,45
26,15
27,00
29.15
24.55
29.25
28.40
26,05
27,10
23,20
26.60
29,25
28,00
26.95
21.7¢
25,95
27.29
26,60
20,05
27.55
28,20
26,20
25.35
26.05
28.05
28,45
27,10
29.75
29,55
29.55
29.20
26495
29.74
27.75
27,50
25.75
21,75
28.20
27,95
2140
26,20
25.45
26480
0 5h
2h.un
24,85
29,10
29.25

27,37
2405

Protein
yield
g/plot

209,19
224.01
209,69
192,21
223,45
202, L4
212.74
184.564
174,94
186,89
181.13
193.88
210.52
204.55
178.19
201,53
186.82
176.50
179,35
194,90
162.63
189,14
183,10
169.47
174,44
1AL,.97
169,.4]
186.3%
178.10
170,37
1712.28
160.23
laT.5¢
164,25
178,19
L71.13
172.91
169,69
153,79
156.568
169,34
172,92
158,70
169.20
168,39

. 165,88

164,22
15G, 32
164,43
L5t,99
148,09
160,24
146,72
148,20
145.4]
133,rs
130,12
123,12
127,19
144.8)
113,25
99,31
107,07
68,69

168,47
S4.32

Seed
weight
8/200 geeds

35.%
2.7
33.5
32.4
33'2
%6 .4
40,0
34,8
41.58
25.0
36,2
35.4
39,8
40,4
36.3
36.~
37,5
38.4
M,a
40,3
37.¢6
21.?
54,1
32.2
39,8
16,4
38,4
28,3
22.6
%3.7
39,1
23,1
54.7
33.‘
36,3
‘! '5
40.4%
'38.2
28,4
30,9
36,0
34,2
52.4
35,7
55-!
47.8
39,2
36,8
19.7
842
29.58
AT.0
45,9
33,1
37.5
W0,
15,5
35.4
35,2
20.5
A5
16.3
1.7

36,2
5.3



228

Lottice 414
Genokype

PI
P

312200
3314)2

TRAPPER

PI
Pl
PI
Pl
Pr
PI
Pl
Pl
Pl
P
Pl
Pl
Pl
Pl
P
Pl
el
L4
Pl
Pl
Pl
P
.3
Pl
Pi
Pl
Pl
Pl
Pl
P
Pl
Pl
Pl
L
Pl
Pt
Pl
el
Pl
Pr
Pl
P
Pl
Pl
Pl
Pl
PI
Pl
41
Pl
(4
Pl
PI
Pt
P
Pl
Pl
]
Pl
Pl
PI

319175
Il4793
3432464
319373
312199
314402
307665
343244
343271
ELXPTY
331412
343265
314800
Ilesss
312138
3261496
314890])
31694
343262
3432712
324594
3lar99
320973
340124
340130
3432710
324697
343249
324702
311112
3261%4
343250
343250
306591
324699
343252
340124
324 106
324703
3209712
343273
324694
343264
343255
34326)
324704
343259
34325
34325
3432714
331414
343251
324695
343253
343258
343254
341849
324701
324693
314803
343257

ME &N
L3S0 (P=0.05)

cy

S$TR
WR

wWR

Wh
WR
STR
STR
nR

L 13
WR

WR
nR

WR

WR
WR
AR

Yield

g/ plot

928,17
912.84
903,92
898,29
892,39
a77.98
859,71
849, 84
845,488
427,32
619,27
817,53
dle.2)
acl.7e
190,30
194,07
741,22
175.94
773,58
169,11
768,04
165,41
157.138
752. 40
752.1¢
748,99
T47.51
735,05
733,13
130,22
126,76
725.08
722.65
120.97
719,24
Tl7.81
Tl2.22
04,233
694,88
698,16
672,31
649,89
649, 69
689, 14
bH4, 52
083,85
643,51
679,30
6rt.6?
673,948
668,41
653,40
04B.46
6lt.10
398.45
394,12
593,237
579,61
56,07
56,34
555,59
531l.11
529,47
463,28

124,59
lob,.42
11,29

Protein
content
%

24,25
24,65
24.05
22,175
26.10
25.40
23,95
23,20
24.10
24,10
25,95
25,45
26,75
25405
23,20
26,75
24.00
23.7)
24,70
26,18
24.80
26,45
26425
23.55
24495
23,10
25.55
24.0%
24,40
26425
25.55
27.75
23,05
24.75
8,15
28,30
26439
25,95
26455
25.50
2. 60
26400
25,15
2".15
29441
26440
27.95
28,00
26,15
23,15
28.1¢
28449
25.50
27.t0
27.70
25,45
26.15
27.00
28,61
28,79
27.35
27135
26459
25,95

25,93
2412

Frotefin
yieid
i/ plox

225.64
226.13
217.90
203,71
241,78
221.90
205,60
193,19
207.34
29,38
209,45
206,99
219,45
202,867
177.92?
209,03
1R8,05%
182,45
1a9,n1
200,33
191.58
2N2. 74
200.48
178,85
187,3p0
175,14
190,41
179,27
179.45
194, 24
184,137
202.52
165,65
173.29
23,464
2CS5.00
185.61%
182,33
185, 44
175.63
197, an
186,26
173,61
169,50
200,04
185,05
189,82
190,00
177,48
190.519
189.51
182.65
lén .49
165.25
166,45
154,69
153, 1n
156,10
162,72
155,56
154,86
143,54
144,07
119.50

187.04
42,566

Seed
welprht
£/200 yeeds

36.6
36.1
26 .4
36,8
48 .8
40,9
446
32.6
26,5
39.6
4G.5
40,3
2l 4%
IB.4
32.5
32,1
34,2
70,8
35.3
3l1.0
3a.s
37.8
32.6
47,4
50,3
17,5
2% .4
2844
30.4
33,3
35,86
25.3
54,.9
31.7
37.3
37.1
28.1
24.8
4h 04
28.1
18.8
25.0
43,3
3441
2!-6
33.1
lg,.2
319.1
34,1
ir.9
41,3
36.0
0.0
27.0
42.0
5149
22,6
43.)
4l.5
2.3
2046
3l.6
32.7
1449

i5.9
4.9



Lattice #15

229

Ganot ype

TRAPPER

Pl
PI
PL
Pl
PI
Pl
PI
Pl
(41
PI
PI
4]
PL
Pl
Pl
PI
Pl
Pl
Pl
Pl
PI
Pl
Pl
PI
Pl
P
Pl

Pl
4}

PI
Pl
Pl

Pl

Pl

Pl

Pl

PI
PIL

Pl

P

Pl
Pl

L3

PI

Pl

Pl

Pl

Pl
P
Pl
Pl
Pl
4

PI
Pl

P

PI
Pl
Pl

PI
Pl
PI

343319
343287
343290
343024
343313
343324
343968
34328]
343310
343314
343297
343289
343294
34329

3439134

383312
343285
343200
343219
343946
343959
3533510
343317
343295
3439135
343315
343322
343325
34339)
343323
343304
343299
343321
343335
343940
343329
343334
ELXED N4
343311
363327
343290
3433238
343314
343292
353131
343965
3s32n?
343308
3143293
343328
343304
343338
343300
343307
343252
3463294
34395y
343284
343303
34328a
343278
343243

WR

57p

HWR

WP

WR

WR

WR
WR,

Pl 3643333 ua

MEAN
LSD (Pap.ps)
Cv

Yield

g/plot

488, 50
437,00
430,90
829.549
822,00
813.00
813,00
801,50
164,50
Tal.00
T42.50
728,50
725,50
T13.00
710,00
107.50
107,00
103,00
7T00.00
691,50
&l1.00
674,00
671,50
683,00
S61,00
657,50
655,00
652,00
649,00
640,00
639,00
638.59
636,50
536,00
u33,50
533,50
826,00
615,00
6l 3,00
6li.pg
508,00
5390.00
382.50
581,00
571.50
268,00
e, 00
FEIT.
554,00
949,450
543,00
539,00
53F.00
531.%0
510.09
509.00
457,50
455, 00
“46,00
426440
926,00
404,50
3ol.u0
6T, N0

LETIY S
158,42
12,48

Pratein
content

%

25,45
24,90
23,35
25,45
26445
24.35
23, 2%
23,75
23,30
24,70
24495
25.40
27.55
27.25
23.95
25.45
24,55
25,70
23,70

" 26400

24,70
25,20
25,35
24,05
24,70
25,89
23.20
26,70
23.50
26,99
26,40
25,45
3.1
25,05
25,70
26.80
25,65
25.50

21,55 °

25.15
?3.485
25.85
28,15
25445
26,10
26,10
24,55
25.15
244560
25,15
26,45
25.89
25,25
27.00
2b.4h
26.10
25,20
27.95
27.80
27.40
26,75
264565
2T.21
27.2%

25.48
2,54

Protein
yleld
g/plot

227.13
208,26
194,15
211L.r7
217,42
197.99
128,93
191.09
177,53
188.76
185,04
185, 20
199,78
193,97
170,41
178,98

L73.69

180.97

165,22

179,45
167,01
169,48
170,20
159,134
163,27
169,63
151,98
L74.27
152.61
159,19
154,29
162.98
151,54
159,77
182,81
169.41
len, |2
156,48
16%9.1%
154,18
143,72
152,58
164,01
148,23
149,72
149.n)
138,51
14¢. 11
137..,
128,
144,25
139,09
134,384
143,59
133,83
132,84
114,91

127,11

123,99
llo.79
113,96
107.02
99.91
99,81

160,14
44.13

Sead
waipght
2/200 seeds

24,3
52.7
0.8
- 25,2
34,4
35.7
50.6
4.0
52,9
54.6
46,5
21.4
35,0
14,8
37.0
3.0
36.9
28,9
40,7
47,4
52.0
45,5
34,2
51.5
33.0
32.6
51.2
61.7
44,7
45,5
50 .4
44,8
47,2
78,9
9.3
35,1
84.7
79.3
6n .4
36.5
50,9
49.9
84,3
82,4
22,5
63,8
32.5
23,4
24.3
47,0
59.6
50,7
49,2
17.4
20,4
48.5
50.3
30,4
19.3
18,2
15.9
15.2
18,2
89,1



Lattice #16
Genotype

Pl

343969

TRAPPRER

PI
Pl
4
Pl
4
PI
Rl
Pl
Pl
Pl
Pl
3]
PL
Pt
(]
;l
ot
[ 41
P
PI
Pl
Pl
- Py
Pl
Pl
er
4]
Pl
Pl
Pl
PI
Pl
P
Pl
(41
Pl
Pl
L1 ¢
Ll |
Pl
PI
PI
Pl
Pl
3¢
PY
Pl
PI
Pl
Pl
PI
Pl
P1

Pl
Pl
¢
b
P
P
Pl

Pl

347278
343947
34T3l1
3471294
347314
367284
347300
347280
347279
347288
347303
347306
347294
347293
347301
347320
347290
347131t
341329
347314
347330
34r271
3471325
347315
347245
3aTrle
ELYFIE
347215
3471324
347295
Ier322
I&T2T4
347323
InT2u2
351281
3et292
342324
347313
347323
347297
347302
347283
347298
AsT211
347293
357309
347305
347304
347321
347308
3472439
lele
341319
347310
InTyal

S A4rrdy

345!41
dat3dt
347327
347247
347312
343968

ME AN
LSO (P=0,0%)
cv

230

STR

STR®

WR

TR

Yield

&l plot

919,24
366,97
B2l.44k
821.16
821.13
412.%0
808,46
790,40
175,73
167.94
TS1,11
148.82
147,58
T46.78
T45,21
Tak. 19
T43,34
T40.45
739,719
735,55
135,19
Tit.9a
T25.42
120461
T17.99
TL7.69
12,78
712,18
TiQ.12
699,49
699,16
697,42
697440
697,12
682,86
619,148
678,47
675,95
473,93
673,42
oll,4u
569,24
G659, 20
666,57
66l,98
661,74
65T, 42
Ghl.85
633,82
b29,92
626,07

6l7.14 .

617.12
615,14
6C 7,69
6Q3,89
603,22
tll,aq
SHo.d!
542,19
5T%.92
570. 712
563,19
420,18

6Y%,54
152,30
10.91

Yrotein
cantent
%

26.07

26407

24,26
25,30
25.55
25.1n0
244,89
24473
25,88
25.25
25.23
24,08
25.4]
25,14
25.50
25.35
25,66
25.30
25,17
23.35
25,97
2Ts45
23,95
25,38
26402
23.66
25,24
25,98
25.08
264644
24.5)
24.138
25,15
24.79
24, 76
24,90
24.19
T4,
25,68
24.19
25,83
25,30
24,13
25,28
25.24
28,25
26,92
24,39
24.54
25.65
24,40
24,17
25,17
25,80
27.64
24.98
74,31
26427
24.n4
23.483
249.57
Ph.h?
25.5%
27,02

25,25
1.74

Protein
yield
g/plot

239,57
225,448
200,71
207,46
210,25
205,32
201,68
193,19
203,11
194,75
190,65
160,79

188,131

186.98
191,95
189,88
192,26
185,00
187.94
171,51
191.94
202.94
173,52
182,83
188,72
170,48
179.tn
187.57
174,92
188,09
170.67
167,50
177,75
173.54
182,32
166,01
163,56
161,18
176,05
165.08
173,27
169,50
16).94
169.76
167.46
185,21
170,47
159.05
152,25
160,99
15C.33
152,99
161,78
159,20
166,480
148,39
La7, 44
155 a2
las.07
135,77
139.92
l+5,78
146.79
113.85

175,34
%0,51

Seed
weight
8/200 mweds

42.0
23.6
37.8
4L .3
34,1
0.7
33,3
’6.2
3.2
41.8
67.6
39,9
34,9
33,1
49.1
33,4
58.5
57.1
33.?
5546
35.3
27,3
5%.4
38.1
33,6
54.8
56.8 .
44,7
38.1
53.8
56,5
4S,.1
Sa.‘
. 34,3
2'.2
“1.8
49,6
45,2
$1,.1
54.6
52.6
38,86
55,8
39.9
“2.8
49,1
34.0
52.3
55.1
57.7
54,3
56.8
2.4
35,3
31.6
Sh.ul
54,5
’ 2901
40,0
52.A
55,3
55.n
‘Slq
47.4

44,2
S.%



231

Latbice ¢17
Gcnutype

Pl 347377 sTn
Pl 347380
Pl 347390
Pl 3413155
TRAPPER
Pl 347374
Pl 347394
Pl 347365
Pl 347339
PI 34735)
PI 34739y
Pl 347399
Pl 347342
Pl 347353
PL 347333
Pl 347369
PL 347384
PL 347361
PI 347349
Pl 347382
Pl 3471354
Pl 347354

Pl 347396

Pl 3413a7
PI 3413067
PI 347375
PI 347332
PI 347371 sTR
PI 3473712
Pl 347393
Pl 347335
Pl 347353
Pl 347363
Pl 34397
PI 347354
Pl 347359
PI 347337
Pl 347333
Pl 347373
PL 347341
PI 347314
Pl 347392
Pl 347357
PI 347313
Pl 347319
PL 347368
Pl 3473710
Pl 347352
Pl 347345
Pl 347330
Pl 347349
Pl 341354
PI 3471372
Pl 347360
PI 341334
PI 347336
Pl 347344
PI 3413714
Pl 347343 sTP
Pl 34734>
PL 347395
Pl 34734n
PI 347350
PI J4Ts4l

ME AN
LSO (P=0,09)
cv

Yield

s/plot

733,24
725.25
709,138
693.46
691.30
690,35
489,27
639,14
684,481
687,03
682,29
680,47
675,25
66%,90
bdol.le
667.01
664,89
660,15
659,14
657.33
65%,.98
652,60
669,93
644,82
638,90
638,41
6lu.67
617.05
6l6.66
a05.51
003,58
50C.84
594,065
592.006
585,3]
583.87
580,40
5716.78
573.07
565,96
563,42
559,49
555,05
552,16
551.43
351,19
550.59
540,15
537464
526,81
526,20
520.52
515,11
514,11
500433
494,91
483,70
472,17
“l0.72
469,97
458, 34
46Tu48
364,94
358,53

593,64

138,32

11.5%9

Irotein
content

27.55
2T .45
25,25
28.62
25,65
27.69
25.35
25,84
27.64
27,64
24460
25,18
28474
27.89
28.78
28.41
26485
27.21
2B.48
26.00
26,177
25.95
24.94
25414
28,25
21,09
2%,01
20,66
24,66
25,44
29.54
29,20
30415
25,08

T 27.8%

27.96
27.49
29,22
2T.61
28.05
29.45
27.66
26,05
26,44
28,05
?8.25
29.36
29,056
28.30
28,06
26.70
29,39
24,35 -
28,26
29.517
28,74
29,01
N, 14
30.85
28,34
25.09
29,14
23.13
29,45

2164
l.88

Trotein
yield
gfplot

202.04
199.71
178,97
199,75
176.%4
[90.55
173,34
176,62
190,37
186.61
lar,92
169,24
193,28
185,74
193,08
190.24
177.11
181,79
186,35
172,10
176.18
174,87
162,35
161.30
180,49
173,01
174,03
185.47
177,02
153,27
t77.89
175,80
178,53
147,97
162,73
165,24
160,90
iT1.01
159,560
158,49
145,68
156.57
142,86
Le4. 248
154,57
155,28
61,43
156.98
152,30
L4, 56
141,15
152,48
124,34
145.%¢
149,76
142,13
11434
161,45
144,69
132,49
115%. 45
135,32
103,07
105, 38

163,49
36,13

Jeed
weight
£/200 soeds

40 .6
“5.7
34.8
4.7
23,5
34,2
3l.6
40.4
“0.4
39,9
34.3
34,8
4T.5
35,8
35.0
%1.9
45,2
26.5
43,5
b4 .6
33,7
44,0
38.9
58.9
7.1
46.T
33.9
40,1
56,4
51.9
15,7
30.9
57.2
&l.8
43.3
‘l .l
32.5
36 .4
45,8
53,9
2T.4
40.3
%0.5
32.4
28,2
34.8
33 .4
44,73
37.3
24,41
8,2
46,1
34,9
52.6
48,8
25,9
46,5
25,5
5R,.2
50.6
56 .6
39,2
6146
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