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Abstract

The experimental material comprising of41 genotypes was
evaluated in randomized complete block design with three
replications. Genotype DPPM-74 was the most promising
with significantly highest number of pods per plant, total
biomass, seed yield and protein content. The differences in
performance of genotypes for seed yield per plant might be
attributed to pods per plant, seeds per pod and 100-seed
weight. Significant genetic variations were observed for
seed yield and related traits. High PCV and moderate GCV
were recorded for seed yield per plant. Moderate estimates
of PCV and GCV were recorded for number of branches,
internodal length, plant height, pod length, seeds per pod,
harvest index, 100-seed weight, protein content, starch, pods
per plant, total biomass and ascorbic acid. High heritability
coupled with high genetic advance was observed for pods
per plant, total biomass, seed yield per plant and harvest
index. Seed yield per plant had positive association with
internodal length, plant height, pod length, seeds per pod,
pods per plant, total biomass, harvest index and 100-seed
weight at phenotypic and genotypic levels. Total biomass
and harvest index had maximum positive direct effects on
seed yield/plant. Based on variability studies, it can be
concluded that pods per plant, pod length, seeds/pod, total
biomass and harvest index should be given due focus for
the improvement of garden pea.
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Introduction

Pea (Pisum sativum L.) belonging to the family
Leguminosae is one of the major vegetables grown in
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the world as well as in India. It is grown as a cool season
vegetable crop and consumed widely as a rich source
of protein, carbohydrates, vitamins and minerals. Pea
protein is rich in lysine and other essential amino acids,
but low in sulfur containing amino acids, cysteine and
methionine (Ceyhan and Avci 2005). It is palatable and
nutritious for human consumption and is eaten as fresh,
canned, frozen or in dehydrated forms. Pea as a legume
crop helps in fixing the atmospheric nitrogen and reduces
the cost of production by providing the advantage of
low input and sustainable organic farming (Sharma et
al. 2020). It is a leading vegetable crop in the North-
Western Himalaya region of India comprising the states
of Himachal Pradesh, Jammu and Kashmir, and
Uttarakhand (Sharma et al. 2010). Genetic variability in
germplasm determines the level of success in the
improvement of any crop through selection and an
opportunity to improve the yield and quality through
strategic breeding programme (Sekhon and Sharma
2019). Therefore, genetic restructuring of pea
germplasm is the first step to identify the potential
genotypes for use in breeding programme. Most of the
desirable traits are quantitative in nature and their
expression is influenced by the environment. The
response of selection depends upon the relative proportion
of the heritable component in the continuous variation
which is due to genotype while the non-heritable portion
is mainly due to the environmental factors.

It is also beneficial to make comparative study of a few
characters to select the desirable ones in different
genotypes. Study of association of characters is to
identify the role of individual characters towards pod
yield. As yield is a complex trait, indirect selection via
correlated, less complex and easier measurable traits
would be an advisable strategy to increase the yield.
Efficiency of indirect selection depends upon the
magnitude of association between yield and target yield
components. Determination of correlation and path-
coefficients between yield and yield components is
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important for the selection of desirable plant types for
effective pea breeding programmes. The path analysis
has been used to identify traits that are useful selection
criteria to improve crop yield (Negi and Sharma 2019).
Genetic variability, heritability, coefficient of variation
and genetic advance are pre-requisite for improvement
of any crop for selection of superior genotypes and
improvement of any traits. Thus, investigation was done
to estimate genetic variability for seed yield and related
quantitative traits for selection of desirable genotypes
vis-a-vis identification of suitable genotypes.

Materials and Methods

A field experiment was conducted at Department of
Vegetable Science and Floriculture, College of
Agriculture, CSKHPKYV, Palampur during winters 2009-
10 and 2010-11. The experimental material comprising
of 41 genotypes of garden pea including four checks
namely, Lincoln, Azad P-1, Palam Priya and Punjab-89
was evaluated in randomized complete block design with
three replications to assess the nature of genetic
variability, association of various traits with yield and
their direct and indirect effects for effective selection,
and to study the extent of genetic diversity among
genotypes. Data 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 50% flowering, number of branches, internodal
length (cm), nodes per plant, plant height (cm), pod
length (cm), seeds per pod, pods per plant, total biomass
(g), seed yield per plant (g), harvest index (%), 100-
seed weight (g), total soluble solids (°brix), ascorbic
acid (mg), protein content (%), total sugars (%) and
starch content (%). Analysis of variance was performed
for individual season and error variance was tested for
homogeneity (Gomez and Gomez 1984). The combined
analysis of variance of two season’s data was performed
for each trait. The genotypic and phenotypic variations
and heritability were calculated as per the method of
Burton and De Vane (1953). Genetic advance (GA) was
calculated as per Burton and De Vane (1953) and Johnson
etal. (1955). Coefficients of correlation were calculated
as suggested by Al-Jibouri et al. (1958) while path
coefficients of different traits with seed yield per plant
were carried out as per Dewey and Lu (1959).

Results and Discussion

Significant variations were recorded in the performance
of different genotypes for seed yield and related traits
over the years (Table 1) indicating thereby role of
environment in a particular season that determined the
performance of particular genotype for different traits.
Number of pods per plant has a direct bearing on the
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total productivity of garden pea crop. Among the top
ten ranked genotypes, DPPM-74 had significantly the
highest number of pods per plant and also showed high
total biomass and seed yield along with protein content.
Further, it was observed that Punjab-89 had significantly
less total biomass than check Palam Priya but they had
at par performance for seed yield per plant. Punjab-89
and DPPMR-09-2 outperformed all other genotypes for
harvest index and 100-seed weight, respectively over
all the genotypes and check varieties. The differences
in performance of genotypes for seed yield per plant
might be attributed to pods per plant, seeds per pod and
100-seed weight. Higher phenotypic coefficient of
variation (PCV) than genotypic coefficient of variation
(GCV) (Table 2) indicated that most of the yield attributes
were under the influence of environment (Sekhon and
Sharma 2019). Therefore, caution has to be applying in
making selection for these characters on the basis of
phenotype alone as environmental variation is
unpredictable in nature. High PCV and moderate GCV
were recorded for seed yield per plant in pooled over
years indicating high potential of the traits for effective
selection (Sharma and Swain 2018). The moderate
estimates of PCV and GCV were recorded for number
of branches, internodal length, plant height, pod length,
seeds per pod, harvest index, 100-seed weight, protein
content and starch content. The moderate estimates
suggest that direct selection for these traits should be
considered cautiously (Sharma et al. 2016).

Heritability in broad sense is of tremendous significance
to the breeders as its magnitude indicates the reliability
with which a genotype can be recognized by its
phenotypic expression. High heritability estimates
(>60%) were observed for internodal length, plant
height, pod length, seeds per pod, pods per plant, total
biomass and seed yield per plant. 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, knowledge of estimates of heritability alone
is not sufficient and it is therefore useful to study genetic
advance along with heritability. Heritability alone could
not be the sole guideline for improvement since high
heritability does not mean high expected genetic
advance. Hence, prediction on the basis of both the
estimates could be more useful. High heritability coupled
with high genetic advance was observed for pods per
plant, total biomass, seed yield per plant and harvest
index (Table 2). The results suggested the importance
of additive gene action for the inheritance of these
characters and improvement could be brought about
by phenotypic selection. The earlier researchers have
also reported high heritability and genetic advance for
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Table 1: Mean performance of top 10 genotypes of garden pea for different traits in pooled over years

Genotypes/Traits DSF NB IL  NPP PH PL SPP PPP TB SYPP HI TSS AA PC TS SC
DPPMFWR-12 93.17 1.66 445 19.67 54.67 8.07 6.18 13.79 37.00 1023 27.70 1693 12.74 13.89 6.86 22.05
DPPMFWR-30-1 93.83 1.67 5.65 1890 6036 8.01 576 1330 31.83 10.07 3225 17.77 13.83 12.58 7.56 22.80
DPPMFWR-30 -2 96.50 143 541 17.68 5512 844 550 996 3350 11.81 3517 18.03 1524 1654 699 24.82
DPPM-1 96.00 1.70 592 1810 6822 9.76 692 10.69 31.67 11.23 3524 17.67 1534 1415 7.07 22.27
DPPM-72 96.00 253 632 1686 71.99 9.75 6.70 13.06 35.17 10.60 29.32 18.03 1526 1545 7.51 27.15
DPPM-73 95.17 1.60 587 1620 7284 9.84 7.09 1038 3550 1233 3499 1850 1293 16.04 722 27.80
DPPM-74 9433 207 546 1776 59.02 851 6.18 1652 40.83 16.14 4143 1697 14.88 1698 7.03 25.66
DPPM-07-4 92,67 210 489 1773 71.59 996 6.61 11.00 3233 14.14 4432 1847 13.08 1441 6.50 24.83
DPPMR-09-2 98.67 157 546 1673 6020 8.81 501 6.81 3267 11.40 3428 17.67 15.12 1427 639 20.88
VP-215 89.33 1.76 596 16.63 62.25 8.69 5.87 1032 29.00 11.09 38.82 1743 1459 13.88 7.04 2520
Lincoln 95.00 2.00 5.59 1725 5628 8.09 595 9.89 2033 731 36.05 17.57 1882 1628 7.50 26.47
Azad P-1 94.17 177 557 1757 6589 838 6.17 1080 30.00 9.84 3196 17.00 1838 14.54 635 25.87
Palam Priya 97.00 197 5.07 1849 57.19 8.17 6.08 13.71 37.50 11.90 3338 17.13 17.44 13.71 6.35 30.15
Punjab-89 88.67 2.13 579 1570 59.28 10.40 8.04 10.80 26.50 12.95 49.02 17.18 18.70 16.51 6.70 25.27
Range 89- 1.27- 2.66- 1547- 34.51- 6.59- 3.92- 489- 9.83- 2.68- 21.04- 15.03- 12.38- 10.65- 5.93- 18.90-
100 253 652 19.87 81.67 13.35 837 16.52 40.83 16.14 49.02 1893 1882 18.68 8.57 30.15
CDat P<0.05 296 031 035 1.06 350 052 047 144 254 115 299 096 09 128 038 2.04

Where, DSF: Days to 50% flowering; NB: Number of branches; IL: Internodal length (cm); NPP: Nodes per plant; PH

: Plant height (cm); PL:

Pod length (cm); SPP: Seeds per pod; PPP: Pods per plant; TB: Total biomass (g); SYPP: Seed yield per plant (g); HI: Harvest index (%); TSS:
Total soluble solids (° brix); AA: Ascorbic acid (mg); PC: Protein content (%); TS: Total sugars (%); SC: Starch content (%)

Table 2: Estimates of different parameters of variability for different characters in garden pea pooled over years

Traits Range Population mean GCV (%) PCV (%) h? GA (%)
Days to 50% flowering 89-100 94.41+£1.05 323 4.23 58.20 5.07
Number of branches 1.27-2.53 1.76+0.11 16.07 22.01 53.33 24.18
Internodal length 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 34.51-81.67 61.43£1.25 14.26 15.11 89.16 27.75
Pod length 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
Pods per plant 4.89-16.52 9.77+0.51 24.92 28.06 78.85 45.58
Total biomass 9.83-40.83 27.76+0.90 21.65 23.07 88.05 41.85
Seed yield per plant 2.68-16.14 9.22+0.41 28.98 30.96 87.60 55.87
Harvest index 21.04-49.02 33.21£1.06 16.17 17.97 80.94 30.00
100-seed weight 12.83-25.33 17.98+0.52 13.91 15.59 79.64 25.57
Total soluble solids 15.03-18.93 17.58+0.34 3.57 5.95 35.98 441
Ascorbic acid 12.38-18.82 14.97+0.34 10.00 11.45 76.18 17.97
Protein content 10.65-18.68 14.70+0.45 10.87 13.25 67.31 18.37
Total sugars 5.93-8.57 6.97+0.14 7.48 8.86 71.18 13.00
Starch content 18.90-30.15 24.66+0.73 10.59 12.82 68.26 18.02

GCV and PCV genotypic and phenotypic coefficients of variations, respectively; h?bs: Heritability in Broad sense; GA (%): Genetic advance

(%) of mean

total biomass/biological yield, seed yield per plant
(Sharma et al. 2003, Kumar 2008). High heritability along
with moderate genetic advance was observed for pod
length, seeds per pod, 100-seed weight, ascorbic acid,
total sugars and starch content.

In general, the genotypic coefficients were higher than
the phenotypic ones which suggested that there is a
strong inherent association between various characters,
though the phenotypic expression of the correlation gets
reduced under the influence of environment. Seed yield
per plant revealed positive association with internodal
length, plant height, pod length, seeds per pod, pods
per plant, total biomass, harvest index and 100-seed
weight (Table 3). Plant height expressed positive
correlation with pod length, harvest index, seeds per
pod, total biomass and pods per plant at phenotypic and

genotypic levels. The pod length was positively
associated with seeds per pod, total biomass, harvest
index, 100-seed weight, total soluble solids, protein
content and total sugars at phenotypic and genotypic
levels, along with ascorbic acid at genotypic level.
Kumar et al. (2004) also reported positive association
of pod length with seeds per pod and 100-seed weight.
Similarly, seeds per pod revealed positive association
with harvest index, total biomass, ascorbic acid, total
sugars and protein content. A significant positive
association of pods per plant with total biomass and
harvest index, and total biomass with 100-seed weight
was also noticed.

Path analysis revealed that total biomass and harvest
index had maximum positive direct effects and also
contributed indirectly to enhance the magnitude of
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correlation of different traits with seed yield per plant,
suggesting their importance in selection programme for
improving yield. Togay et al. (2008) has also indicated
the importance of direct effects of biological yield and
harvest index on the seed yield. In addition, pods per
plant had also contributed indirectly to total biomass,
harvest index, plant height, ascorbic acid and internodal
length at genotypic level to increase the magnitude of
total association with seed yield per plant (Table 4).
Indirect contribution of plant height, branches per plant,
seeds per pod, pod length and harvest index on seed
yield per plant had also been observed by Singh and
Singh (2005) and that of biological yield and harvest
index by Usmani and Dubey (2007). It can be concluded
that the genotypes DPPM-74, DPPM-73, DPPM-72,
DPPMFWR-30-2 and DPPM-07-4 appeared to be
promising on the basis of seed yield characters and yield.
DPPMFWR-30-2 had fasciation plant type. High
heritability coupled with high genetic advance was
observed for pods per plant, total biomass, seed yield
per plant and harvest index revealing the importance of
additive gene action. For garden pea improvement,
emphasis should be given to pods per plant, pod length,
seeds per pod, total biomass and harvest index.
AR

Al HER BT 41 TRT BT - 14 UfIPpid arel YsHSSS
HAe e fSorgT # frar mar| me Sfua—74 3
wfd wU H MBI Bl B Fa G, [ 9ld AR,
ST ISl Ud WIS @1 A3 gt WY | Oy 9 it @ Sus
@1 W |awaa: Ui iy wieral @) den, 9t @ wer ufd
Hell Ud 100 4191 MR & HRY & Adhal 2| 4l Suel g
e FeTor & foy AEayel amgafe fafdudr o= Y|
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AP, 100 dIST goi, U BI A1, ¥Cr€, Ui iy \ierar
P W, Fol IR IR THIad RIS & foy #eaw
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fooar mar| ufa g §I57 SuSt ured e of«rg, Ui S,
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T IR AR HEA S5 qadid AR aEIG Uy 3R
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T | e 3R G Ul fATIvOr & SR W IE ey
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U BRIl @1 |, Well @l oS, T/ Hell Bl oid WIR
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