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Correlations and Genetic Analysis of Pod Characteristics in Pea (Pisum sativum 1..)
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Abstract: A line x tester analysis was carried out in pea to determine the genetic interaction in the expression

of various pod characters including pod yield. Seven varieties were selected, four of them were designated as
lines Sprinter, Manuel, Carina eand Bolero and three of them were called as testers, By, B, and B;; line. Combiming
ability studies were conducted on these parents along with their F, hybrids for the variables pod yield, hundred
seed weight, pods per plant, pod width, pod length and seeds per pod. While Sprinter, Manuel and B; were best
general combiners among the parents, Sprinter x B,,, Manuel x B; and Carina x B, were the best crosses for pod
yield. Correlation studies showed that the pod yield was sigmificant positive correlated with pods per plant and
hundred seed weight. The highest direct effect was exhibited by pods per plant, indirect effects, especially

through the seeds per pod in pea.
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INTRODUCTION

Pea (Pisum sativum L.) also referred as dry pea to
distinguish it from the vegetable type, 15 one of the most
important grain legumes occupying an area of more than
7 m ha in the World. The significant pea growing nations
are China, France, Australia and India. The total pea sown
areas, seed yield and production in Turkey 1s 110,000 ha,
2.3 tha™ and 250 000 t, respectively™.

Breeding for superior varieties requires selection of
parents capable of transmitting their desirable qualities. A
rational approach for breeding 1s to select parents based
on their combining ability rather than on visual
observation of their traits. Studies on combining ability
provide useful information for the selection of parents to
mclude in a hybridization programme by defimng the
parent of gene action in the expression of quantitative
traits’>”. General combining ability provides an indication
of importance of genes which have largely additive effects
while specific combining ability indicates the importance
of non-additive effects.

One of the problems in breeding plant genotypes is
knowledge of relationships between pod yield and ped
characters. To increase the pod yield, study of direct and
indirect effects of pod traits provides the basis for its
successful breeding programme and hence the problem of
pod yield mcrease can be more effectively tackled on the
basis of performance of pod yield traits and selection for
closely related characters'?. Ceyhan™ reported high
genotypic and phenotypic variances for pod yield, pods
per plant and hundred seed weight He also reported

positive correlation of all the pod traits with pod yield.
Use of simple correlation analysis could not fully explain
the relationships among the characters. Therefore, the
path coefficient analysis has been used by many
researches for a more and complete determination of
impact of independent variable on depend one. The path
coefficient analysis helps the breeder to explain direct and
indirect effects and hence has extensively been used in
breeding work in different crops species by various
researchers™. The objectives of this study were to
determine the general and specific ability, relationship
among pod yield and ped traits in pea as a good source of
plant protein.

MATERIALS AND METHODS

Twelve F, progenies obtained from a line x tester
mating design were evaluated along with the seven
parents in a randomized complete block design with three
replications, to understand the genetics basis and
combining ability of some important pod quality traits.
The six varieties selected were all dwarf types, including
a wide range of pod traits. B, B, and B, lines were well
adapted to local conditions. Carina, Sprinter, Cosmos and
Manuel demonstrated that high yields can be obtained by
growing spring in Central Anatolian.

Seeds of F, hybrids and parental lines were sown
in a randomized complete block design with three
replications on 18 March 2002. Each plot consisted of
12 F, or parent plants on a single 2 m row which were
50 cm apart. Plant spacing was 10 cm apart. Total annual
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precipitation was 1395 mm, which was more than in
long years (1393 mm) of the site. The experimental
crops were irrigated two times (at the initiation of
flowering and at the pod filing stage). Weeds were
removed mamually. The soil at the region had a
pH = 8.03 and soil phosphorous, potassium, irorn, zinc,
calcium and organic matter were 55.9, 17.9 kg ha™',
1474, 0.32 ppm and 37.6, 2.25%, respectively. Plants
were grown without fertilization and harvested on 10 July
2002,

Pod yield (g) data were collected at the dry pod yield
on five plants in the each plot. Pods number per plant
was measured on 5 randomly plants per plot taken at
maturity. Pod length (mm) were measured to closest
centimeter using a meter scale. Pod width (mm) was
measured from the widest pomnt of the leaflet using a
vernier caliper. Number of seeds per pod was obtained
from number seeds of a pod. Hundred seed weight (g) was
expressed as a mean of four separate 20 seed weights,
multiplied by 5.

Regarding the statistical analysis, data recorded
on parents and the F, hybrids were analyzed together as
suggested by Singh and Chaudhary’. The combining
ability analysis was done following Kempthonre!'.
Narrow sense heritabilities were calculated for each
character by using the Falconer’s!""! methods. Correlation
coefficients and the path analysis was conducted
following the procedure developed by Wright"? and
applied by Dewey and Lul'¥.

RESULTS AND DISCUSSION

Mean sum of squares of parents were highly
significant for almost all characters except for pod length
and seeds per pod. Vanation due to crosses showed
significant differences for all characters. Parent x crosses

were significant for all traits. Variation due to testers
showed significant difference for hundred seed weight
and pod length while lines no differed for all traits. The
interaction between line and tester was sigmificant all
characters except pod length (Table 1).

Table 2 also reveals the fact that the ratio of variance
of GCA and SCA was much less than umty for all
characters which indicate the predominant role of non-
additive gene action n the inheritance of most of the traits
in pea. Sharma et al.” and Ceyhan observed nature of
dominance and non-additive genes for pod yield and pod
characters. Kumar et al” showed additive gene action in
the inheritance of pod length, while the other
characteristics nvestigated controlled mainly by non-
additive gene action. This study confirms the latter view.

Narrow sense heritability values varied among traits
(Table 1). Of all traits studied, pod length had the greatest
heritability for narrow sense heritability. The narrow
sense heritabilities of all studied traits except pod length
were relatively high suggesting that selection of these
traits in selection of these traits in early generations
would not be possible. Similar conclusions were obtained
Kumar et a/.”, Sharma et @l and Ceyhan.

Hybrid performance was generally better than
parental performance for all characters (Table 2). This
result was in agreement with Kumar ef af.™, Ceyhan and
Onder', Ceyhan™™ Amurrio et al™! and Santalla ez al.*".

The estimated GCA effects of parents (Table 2)
revealed considerable differences among the parents.
The parents that proved to be good general combiners on
the basis of their desirable GCA effects were Sprinter for
podyield and pods per plant and Manuel for pod yield.
B; exlubited positively significant GCA effects for pod
yield and hundred seed weight. B, expressed significant
GCA m hundred seed weight and pod. However, among
the parents the highest positive effect for pod yield was

Table 1: Analysis of variance for pod yield and pod traits of the parents and their F, generation of pea

Source of Pod yield Hundred seed Pods per Pod Pod Seeds
variation Df per plant weight plant width length per pod
Replications 2 0.994 1.159 52.000 0.123 92.702 0.333
Treatments 18 515.646%+ 11.603 %+ 896.380%+ B.643+* 203.674%* 0.772%
Parents 3] 71.951* 10.975%+ 252.603 7.968** 23.746 0.762
Parents vs crosses 1 5801.535%+ 18.772%% 10105, 668%+ 29.214 ** 1529.331%% 1.768*
Crosses 11 277.127%% 11.204%+ 410.323** 7.141 ** 328.576%* 0.687
Lines 3 589.451 2.680 813.185 8.630 103.519 0.519
Testers 2 248.923 36.880* 143.361 8.361 1466.083 0.528
Lines x testers [ 130.365%% T 297.880% 5.90] % 61.935 0.824
Error 36 22.638 0.670 111.778 1.234 44.072 0.333
Parameters

GCA 6.331 0.364 9.701 0.050 23.004 -0.012
SCA 35.909 2.134 62.034 1.586 5.954 0.164
GCA/SCA 0176 0.171 0.157 0.032 3.864 ——————-
h? 0.140 0.190 0.140 0.040 0.420 0110

#:p<0.05, #¥: p<0.01
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Table 2: Mean pod yield and pod traits and general combining ability and specific combining in pea

Pod yield Hundred seed Pods per Pod Pod Seeds
per plant weight plant width length per pod

Lines g GCA g GCA No. GCA mm GCA min GCA No GCA
Sprinter 322 6.642%* 15.2 011 36.3 9.22%% 83 -0.03 57.3 -0.07 5.0 -0.11
Bolero 27.6 -6.371%* 11.7 0,794+ 20.7 -0.33 7.7 0.12 523 0.24 6.0 -0.22
Manuel 304 7.339 %% 16.7 0.43 283 4.11 11.3 -0.12 54.7 -0.45 5.0 0.00
Carina 32.7 -7.611%* 163 0.26 323 13.00%#* 10.3 0.03 56.3 0.28 53 0.33
Testers

By 313 -0.292 13.8 -1.99%# 34.7 2.94 7.0 -0.00 49.7 0.06 53 -0.03
Bs 41.9 4.693%* 14.6 1.30%* 503 0.86 8.0 -0.08* 56.0 -1.13 5.0 0.22
Bz 31.5 -4.402%* 12.2 0.70%% 55.0 -3.81 7.3 0.09% 57.0 1.08 4.3 -0.19
Hybrids g SCA g SCA No. SCA mm SCA min SCA No. SCA
SprinterxB,; 57.4 -1.92 153 1.63%* 66.3 11.06%* 83 -0.14%* 64.0 -0.14 5.0 0.36
SprinterxB; 57.9 -6.40% 15.5 -l.46%* 71.0 -4.31 10.3 0.14%#* 56.3 0.29 5.0 0.11
SprinterxB; 43.4 8.32%# 16.2 -0.16 86.0 15.36%* 10.0 0.01 74.0 -0.15 4.0 -0.47
BoleroxB 43.8 -2.45 12.7 -0.07 65.3 7.50 11.3 0.02 64.7 -0.38 4.7 0.14
BoleroxBs 55.4 4.16 16.0 -0.10 64.3 -3.75 10.0 -0.04 55.0 -0.16 4.7 -0.11
BoleroxB; 40.5 -1.70 15.6 017 49.7 -3.75 12.3 0.03 84.0 0.54 4.3 -0.03
ManuelxB; 54.4 -2.26 11.9 -2.06%* 91.7 4.39 8.0 -0.08 60.3 -0.13 4.0 -0, 75%*
ManuelxB; 71.0 5.96% 19.4 2.11%# 67.0 4.14 8.0 -0.01 51.0 0.13 5.0 0.00
ManuellxBi, 52.2 -3.71 16.6 -0.05 48.7 -8.53 10.7 0.09% 71.7 -0.01 53 0.75%%
CarinaxB, 51.7 6.63% 14.3 0.51 61.7 -0.83 12.3 0.21%#% 753 0.64 53 0.25
CarinaxBg 46.3 -3.72 16.6 -0.55 503 3.92 8.7 -0.09% 543 -0.27 53 0.00
CarinaxB,, 38.0 -2.91 16.6 0.05 45.3 -3.08 10.7 -0.12% 75.3 -0.38 4.7 -0.25

#:p<0.05, **:p<0.01

Table 3: Correlations coefficients among pod yield and pod traits in pea
crosses

Hundred Pods Seeds

Pod  seed per Pod Pod per

yield weight plant  width length pod
Podyield - 0.340%%  0.743%%  (.124 0152 -0.185
Hundred —————- 0.030 0243  0.081 0.007
seed weight
Pods per plant - 0100 0.163 0,395
Pod width - (L555%% 0,035
Podlength e -0.262*
Seeds perped e

#:p<0.05, **:p<0.01

exhibited by Sprinter, Manuel and B, hence they should
be considered as the best female and male combiners.
The SCA effects (Table 2) clearly revealed that it
would not be possible to isolate crosses where all traits
are in the most desirable combinations. Also, it appeared
that desirable SCA effects of the cross combinations were
not necessarily depended on the level of GCA effects of
parents involved. The SCA estimates for pod length
showed no combmation n desirable direction. However
the SCA estimates of the crosses Sprinter x B,;, Carina x
B, and Manuel x B, were lughly sigmficant for pod yield.
Similarly, Sprinter x B, and Manuel x B, showed significant
positive SCA effects for hundred seed weight, Sprinter x
By;, for pods per plant, Sprinter x B, Manuel x B;, and
Carina x B, for pod width while Manuel x B,, had
significant positive SCA effects for seeds per pod. This
suggests that on the basis of general combining ability
studies it would be difficult to malke definite breeding
plans as the high pod yielding combination was obtained

from parents which did not show significant GCA effect
in desirable direction. However, the high SCA effects of
the crosses Sprinter x B,,, Carina x B, and Manuel x B;
further confirm the predominance of non-additive gene
actions in pea. Hence, it is suggested that in pea emphasis
should be given to specific crosses followed by selection
in progenies rather than pursuing GCA by mass selection.
General and specific combining ability has previously
been shown in pea to be the major contributing factor for
pod yield®?,

Correlation coefficients were determuined between pod
yield and other variables. Pod yield was significantly
positive correlated with hundred seed weight and seeds
per pod (Table 3). Relationships between ped length and
pod width were sigmficant positively correlated. Seeds
per pod correlated significant negatively with pods per
plant and pod length. Ceyhan™ found positive correlation
between pod yield with hundred seed weight, pod width,
pod length, pods per plant and seeds per pod in pea.
These results shown that, for high pod yield should be
moderately with hundred seeds weight and seeds per pod.

The hughest direct positive effects on pod yield were
exhibited by pods per plant Relation between pod yield
and pods per plant was positive and significant, with a
direct effect of 89.68% and mdirect effects of 6.69%,
especially through the seeds per pod (Table 4). The direct
effects of hundred seed weight on pod yield were also
positive and significant. These relations for hybrids were
further studied using breeding programs. Selection in a
breeding program based pods per plant was 89.68% as
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Table 4: Path coefficient analysis between pod yield and other variables examined among different pea genotypes

Tndirect effects

Hundred Pods Pod Pod Seeds
Direct effects seed weight per plant width length per pod
Coef.
Variables  of cor. P (%) p (20) p (%) p (%) p (%) p (%)
HSW 0.340%* 0.329 8630 - ---- 0.024 6.25 0.021 5.43 0.007 1.77 0.001 0.25
PP 0.743%* 0.787 89.68 0.010 113 - -—-- 0.009 0.97 0.014 1.53 0.059 6.69
PW 0.124 -0.084 2891 0.080 27.10 0.079 2070 - - 0.046 15.53 0.005 1.76
PL 0.152 0.083 25.50 0.027 8.27 0.128 39.64 0.047 1459 - - 0.039 12.00
SP -0.185 0.149 30.56 0.002 0.44 0.311 63.95 0.003 0.61 -0.022 444 - -

#:p<0.05, **: p<0.01, HSW: Hundred seed weight, PP:Pods per plant, PW: Pod width, PL: Pod length, S8P: Seeds per pod

effective as selection for pod yield directly. When
selection for pod yield was based alone on hundred seed
weight, genetic advance was 86.30%. Pod length had
lowest direct effect on pod yield.

By comparing the correlation coefficients values of
independent variables against the pod yield,
significant differences became evident. pods per plant and
hundred seed weight had highly significant association
with pod yield. Pods per plant and hundred seed weight
also were only characters that exlubited the highest
direct effect on pod yield. Therefore, both these traits
seemn to be a good selection criteria to improve pod yield
1 pea.
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