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Abstract

An experiment was conducted to examine the nature of genetic variability, correlation, association of various traits with
pod yield and their direct and indirect effects for effective selection in garden pea. The experimental material comprising
of 41 genotypes including four checks namely, ‘Lincoln’, ‘Azad P-1’, ‘Palam Priya’ and ‘Punjab-89” was evaluated in
randomized complete block design with three replications during 2009-10 and 2010-11. Significant genetic variations
was observed for pod yield and related traits. PCV and GCV were high for pods per plant and pod yield per plant. High
heritability coupled with high genetic advance was observed for pods per plant and pod yield per plant. Correlation and
path coefficient analysis revealed that pods per plant, pod length, seeds per pod and nodes per plant for fresh pod yield
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per plant could be considered as the best selection parameters for evolving high yielding genotypes.

Pea (Pisum sativum L.) is a member of family
Leguminoseae, contains higher amount of protein having
essential amino acids mainly lysine (Nawab et al. 2008).
It is an essential winter vegetable in the northwestern
Himalayas of India (Pandey et al. 2006). Mediterranean
region is the primary center of diversity with secondary
centre in Ethiopia (Blixt, 1970). Being biological nitrogen
fixing legume, its value has long been accepted for
maintaining and restoring soil fertility, conservation and
enhancement of physical properties of the soil by virtue
of its deep root system. Due to diverse agro-climatic
conditions in Himachal Pradesh, the crop is grown round
the year, yielding profitable returns to the growers (Sharma
et al. 2020). The consumers have their specific preference
for hill grown peas because of its characteristic flavour,
sweetness and freshness. In the high altitude areas,
it is grown as an off-season cash crop during summer
whereas in winter, it is cultivated in low and mid hills.

The development of absolute breeding and improvement

program needs thorough genetic information and an
understanding of genetic variation for yield and its
components. Genetic variability is considered as an
essentialaspectforcropimprovementprogramforobtaining
high yielding progenies. Lack of ample genetic variability
for economically important character is one of the reasons
attributed for insignificant progress in crop improvement.
The success of any breeding programme depends upon
the nature and magnitude of genetic variability present
in the germplasm (Adunga and Labuschangne, 2003)
which provides better chances of selecting desirable
types (Vavilov, 1951). Therefore, genetic restructuring of
pea germplasm is the first step to identify the potential
genotypes for use in breeding programme. The inclusion
of diverse parents in hybridization programmes serves the
purpose of combining desirable genes to obtain desirable
recombinants. Thus, this investigation was undertaken to
gather information on genetic variability in 41 genotypes
of garden pea (Pisum sativum L.) which may help to select
suitable genotypes for future breeding programs.
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The field experiment was carried out at the Vegetable
Research Farm, CSK Himachal Pradesh Agricultural
University Palampur. The experimental materials
comprised of 41 genotypes of garden pea (28 isolated
from induced mutations, seven through hybridization
followed by selection and six other released varieties)
were collected from different sources. The genotypes
were assessed in randomized complete block design
with three replications and data were recorded on pod
yield along with component traits. Each genotype was
grown in three rows of 3 m length in winter 2009-10 and
during winter 2010-11 in one row of 4 m length with inter
and intra-row spacing of 45 cm and 10 cm, respectively.
The observations were recorded on randomly taken ten
plants of each genotype in each replication followed by
computing their means for the various traits viz., days to
first flower, first flowering node, days to 50% flowering,
days to first pick, the number of branches, internodal
length (cm), nodes per plant, plant height (cm), pod length
(cm), seeds per pod, shelling (%), pods per plant, pod
yield per plant (g), total soluble solids (°brix) with the help
of ERMA hand refractrometer, ascorbic acid (mg) method
as described by AOAC (1970), total sugars (%) as per
procedure given by Dubois et al. (1956), reducing sugars
(%) as per procedure given by Miller (1972) and starch
content (%) using method given by Sadasivasam and
Manickam (1996).

For all the traits studied genetic variability (%), correlation
coefficient analysis and path coefficient analysis were
calculated. The data were statistically analyzed as per
the standard statistical procedures for randomized block

design (Gomez and Gomez, 1983). The genotypic,
phenotypic and environmental coefficients of variation
were estimated method given by Burton and De Vane
(1953). Heritability in broad sense (h? , ) and expected
genetic advance (GA) was calculated as per the formula
given by Burton and De Vane (1953) and Johnson et al.
(1955). The phenotypic, genotypic and environmental
coefficients of correlation were calculated as suggested
by Al-Jibouri et al. (1958). Estimates of direct and indirect
effects of component traits on green pod yield per plant
were done through path coefficient analysis obtained
according to method given by Dewey and Lu (1959).

The knowledge of phenotypic coefficient of variation
(PCV) and genotypic coefficient of variation (GCV) is
useful in predicting the amount of variation present in
the given genetic stock which in turn helps in formulating
an efficient breeding programme. The estimates of PCV
were higher than corresponding GCV for all characters
studied (Tables 1) which indicated that the apparent
variation is not only due to genotypes but also due to the
influence of environment. Hence, the precaution has to
be taken in making selection for these characters on the
basis of phenotype alone as environmental variation is
unpredictable in nature. PCV and GCV were high for pod
yield per plant. This indicated that there is substantial
variability ensuring ample scope for the improvement of
these traits through selection. Earlier workers Gupta et
al. (2006), Nawab et al. (2008) and Guleria et al. (2009)
have also reported high PCV and GCV pods per plant and
pod yield per plant. The moderate estimates of PCV and
GCV were noted for the number of branches, internodal

Table 1. Estimates of different parameters of variability for different characters in garden pea

Traits Range Population Mean GCV (%) PCV (%) h? GA (%)
Days to first flower 81-90 84.80+1.03 248 3.88 40.85 3.26
First flower node 12.30-15.70 13.89+0.31 3.48 6.45 29.05 3.86
Days to 50% flowering 89-100 94.41+1.05 3.23 4.23 58.20 5.07
Days to first picking 119-129 125.21+1.14 1.49 2.68 30.81 1.70
Number of branches 1.27-2.53 1.760.11 16.07 22.01 53.33 2418
Internodal length (cm) 2.66-6.52 5.25+0.13 13.36 14.53 84.53 25.30
Nodes per plant 15.47-19.87 17.51+0.38 5.47 7.62 51.64 8.10
Plant height (cm) 34.51-81.67 61.43+1.25 14.26 15.11 89.16 27.75
Pod length (cm) 6.59-13.35 8.74+0.19 12.94 13.97 85.91 24.72
Seeds per pod 3.92-8.37 5.98+0.17 14.37 15.94 81.28 26.69
Shelling (%) 39.10-48.93 43.96+0.95 4.29 6.80 39.71 5.56
Pods per plant 4.89-16.52 9.77+0.51 2492 28.06 78.85 45.58
Pod yield per plant (g) 14.13-16.25 39.89+1.62 27.90 30.00 88.74 54.15
Total soluble solids (°brix) 15.03-18.93 17.58+0.34 3.57 5.95 35.98 4.41
Ascorbic acid (mg) 12.38-18.82 14.97+0.34 10.00 11.45 76.18 17.97
Total sugars (%) 5.93-8.57 6.97+0.14 7.48 8.86 71.18 13.00
Reducing sugars (%) 2.84-4.03 3.40£0.13 8.41 12.54 44.95 11.61
Starch content (%) 18.90-30.15 24.66+0.73 10.59 12.82 68.26 18.02

GCV, PCV and ECV represent genotypic, phenotypic and environmental coefficients of variations, respectively; h?bs: Heritability in

Broad sense; GA (%): Genetic advance as percent of mean
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length, plant height, pod length, seeds per pod and starch
content. The moderate estimates suggest that the direct
selection for these traits should be considered cautiously.
These moderate estimates have also been reported by
Kuksal et al. (1983) and Guleria et al. (2009). Remaining
traits days to first flower, first flower node, days to 50%
flowering, days to first picking, nodes per plant, shelling
(%), total soluble solids showed low PCV and GCV. The
low estimates for days to first picking were also reported
by Pathak and Jamwal (2002) and Sharma et al. (2007).

The information on heritability estimates is useful in
studying the inheritance of quantitative characters as well
as for planning breeding programmes with desired degree
of expected general progress. High heritability estimates
(>60%) were observed for inter-nodal length, plant height,
pod length, pods per plant, pod yield per plant, seeds
per pod, ascorbic acid, total sugar and starch content
(Table 1). The high heritability estimates for these
characters revealed the lesser influence of environment
and greater role of genetic component of variation. For an
effective selection programme, it is useful to study genetic
advance along with heritability. Moderate heritability
estimates were observed for days to first flower, days
to 50% flowering, days to first picking, the number of
branches, nodes per plant, shelling (%), total soluble solids
and reducing sugars whereas first flower node exhibited
low heritability estimates. Low heritability indicated that
the character is highly influenced by environmental
factors and genetic improvement through selection will be
difficult due to masking effects of the environment on the
genotypic effects.

The high expected genetic advance expressed as
per cent of mean (>30%) was observed for pods per
plant and pod yield per plant (Table 1). Earlier workers
have also reported high genetic advance for plant height
(Chaudhary and Sharma 2003; Gupta et al. 2006;

Sharma et al. 2007). High heritability coupled
with  high  genetic advance was  observed
for pods per plant and pod vyield per plant

(Table 1). This suggested the significance of additive
gene action for the inheritance of these characters and
improvement could be carried about by phenotypic
selection. The genotypic correlation coefficients were
of higher magnitude than the corresponding phenotypic
ones which shown that though there is a strong
inherent association between various characters, the
phenotypic expression of the correlation gets reduced
under the influence of environment. There are positive
associations of pod yield per plant with pods per
plant, seeds per pod, pod length, internodal length,
plant height, shelling (%) and ascorbic acid. Earlier
reports of many research workers have also showed
a significant and positive association for pod yield per
plant with pods per plant (Sharma et al. 2007; Sharma
et al. 2009). Pod yield per plant had revealed a negative
association at both genotypic and phenotypic levels
with days to 50% flowering and days to first picking.
Days to first flower showed a negative association

with pod yield. Similar results were also reported by
Gupta and Singh (2006). Number of branches exhibited
a positive association with internodal length, plant
height, pod length and pods per plant at both phenotypic
and genotypic levels. Shelling (%) revealed a positive
correlation with pods per plant. Positive associations
of pods per plant with ascorbic acid and total sugars at
genotypic level were also reported. Total soluble solids
also revealed a negative association with ascorbic acid
at genotypic level. Sirohi et al. (2006) reported a positive
association of branches per plant with plant height, pod
length and pods per plant (Table 2).

The end product, yield has often been described as
the product of its component traits which show inter-
dependence (Wilson, 1987). The path coefficient analysis
allows partitioning of correlation coefficients into direct
and indirect effects of various traits towards dependent
variable and thus, helps in considering the cause-
effect relationship as well as effective selection. It plays
significant role in determining the degree of relationship
between yield and its component effects and also permits
critical examination of specific factors that provide a given
correlation. Path analysis for pod yield revealed that the
indirect contribution of pods per plant and pod length
increased the total association of number of branches,
internodal length, plant height, seeds per pod and
ascorbic acid at both phenotypic and genotypic levels. It
was observed that the maximum direct effects of pods per
plant and pod length at phenotypic level and that of pod
length followed by pods per plant, days to first picking,
internodal length and shelling (%) at genotypic level on
pod yield per plant (Table 3). Earlier researchers have
also reported direct and positive effects of pods per plant
(Nawab et al. 2008), pod length (Sharma et al. 2007),
seeds per pod (Chaudhary and Sharma, 2003) days to
first picking and nodes per plant (Ramesh and Tewatia,
2002) on the total association with pod yield per plant. The
indirect effect of pods per plant and pod length increased
the total association of number of branches, internodal
length, plant height and seeds per pod at both phenotypic
and genotypic levels. The magnitude of these characters
was so high that they nullified the negative direct effect
of number of branches, seeds per pod and plant height
at genotypic level. Additionally, internodal length, nodes
per plant and shelling (%) also added significantly through
their indirect contribution to the number of branches,
pod length and seeds per pod along with contribution of
shelling (%) and internodal length to pods per plant at
genotypic level (Table 3).

It can be concluded that the high heritability coupled with
high genetic advance for pods per plant and pod yield
per plant revealed the importance of additive gene action.
Therefore, the phenotypic selection would be effective
for improvement in the early generations. Selection on
the basis of pods per plant, pod length, seeds per pod
and plant height will be effective for isolating plants with
high yielding genotypes based on association and direct/
indirect effects.
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