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ABSTRACT

The present investigation comprised of 30 urdbean genotypes was conducted during kharif, 2020 & 2021
and spring 2021 & 2022 crop seasons. The high estimates of heritability coupled with high genetic advance
were obtained over all the crop seasons for the  traits viz. plant height, primary branches per plant, clusters
per plant, pods per cluster, pods per plant, 100 seed weight and seed yield per plant indicating that the
heritability for these traits is most likely due to the additive gene effects. The traits viz. seed per pod and
pods per plant not only exhibited high positive direct effect on seed yield per plant, but these components
traits were also positively and significantly correlated with seed yield per plant indicating the true
relationship  with seed yield.

Key words : Variability, Heritability, Genetic advance, Correlation, Path analysis.

Introduction

Blackgram or urd bean [Vigna mungo (L.) Hepper] is
India’s one of the important pulse crop and occupy
fourth position among pulses. In India, black gram
is cultivated on 4.14 million hectare area with pro-
duction of 2.29 million tons and 538 kg per hectare
productivity in a year. In Uttarakhand state,
blackgram is cultivated on about twelve-thousand
hectare area and with a production of 12,830 tons
and a productivity of 1069 kg per hectare (India stat,
2021). It is an important short duration crop grown
in Kharif and spring season. Seed yield is a very
complex character and is dependent upon the sev-
eral yield components like number of pods per
plant, 100 seed weight and number of seeds per

pod, not only in urdbean, but also indifferent pulse
crops and, therefore, direct improvement in seed
yield is not possible (Choudhary et al., 2017; Meena
et al., 2017and Pal et al., 2018). Studies regarding
various variability parameterslike phenotypic coef-
ficient of variation (PCV), genotypic coefficient of
variation (GCV), heritability and genetic advance
provides the fair idea whether a particular trait can
be improved upon by practicing selection or not. A
sound knowledge of character association between
seed yield and its component traits and also among
component traits is essential to formulate selection
criterion to bring desired improvements in seed
yield and yield components. Association studies
provides an idea regarding the contribution of dif-
ferent traits towards seed yield and also reveals the
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type, nature and magnitude of character association
between yield and its component traits (Gaur et al,
2020). Furthermore, the grain yield is influenced by
its various components directly and/or indirectly
through other traits that create a complex situation
for plant breeders for making desirable selection.
Therefore, path coefficient analysis developed by
Wright (1921) could provide a more realistic picture
of the relationship, as it partitions the correlation
coefficients into direct and indirect effects of the
variables. Path coefficient analysis provides means
to quantify the interrelationship of different yield
components and indicate whether the influence is
directly reflected in the yield or take some other
pathways to produce an effect. Dewey and Lu
(1959) employed path analysis for the first time in
plants to identify direct and indirect influences of
the component traits on grain yield. Thus, character
association and path analysis provide the informa-
tion on important yield contributing characters and
a breeder can practice selection using this informa-
tion for the isolation of superior yielding genotypes.

Materials and Methods

The experimental material consisted of 30 elite
urdbean genotypes developed at different research
institute in India and were evaluated in a random-
ized block design with three replications at Norman
E. Borlaug Crop Research Centre (CRC) of Govind
Ballabh Pant University of Agriculture and Technol-
ogy, Pantnagar during kharif season of 2020 & 2021
as well as spring season of 2021 & 2022 under nor-
mal sown conditions. Each genotype was raised in a
two row plot of four meter length. A row to row
spacing of 30 centimeters during both, kharif and
spring season was maintained. A plant to plant
spacing of 8 to 10 cm was maintained by thinning.
Recommended agronomic practices were adopted
to raise a normal and healthy crop during all the
crop seasons. The observations on ten different met-
ric traits viz. days to maturity, plant height (cm),
number of primary branches per plant, number of
clusters per plant, number of pods per cluster, pod
length (cm), number of seeds per pod, number of
pods per plant, 100 seed weight (g) and seed yield
per plant (g) were recorded. Data on five randomly
selected competitive plants from each replication
were recorded for all the traits under study except
for days to maturity, which were recorded on plot
basis. The mean data was used for statistical analy-

sis. The analysis of variance for randomized block
design (RBD) was performed following Panse and
Sukhatme (1985), genotypic and phenotype coeffi-
cients of variation (GCV and PCV) were calculated
as per the formula suggested by Burton and De
Vane (1953), heritability and genetic advance as per
Allard (1960). Correlation and path coefficients were
worked out as per the method suggested by Al-
Jibouri et al. (1958) and Dewey and Lu (1959), re-
spectively.

Results and Discussion

The analysis of variance revealed highly significant
differences among the mean square due to geno-
types for all the characters studied during both the
years, suggesting the presence of sufficient amount
of variability in the experimental material. The data
pertaining to genetic variability for all characters are
given in Table 1 and 2.

The estimates of genotypic and phenotypic coef-
ficient of variability indicated that phenotypic coef-
ficients of variation were slightly higher than corre-
sponding genotypic coefficients of variation for all
the traits studied during both the years over all the
seasons, indicating the effect of environment on the
expression of characters studied. It is evident from
the Table 1 that during both kharif 2020 & kharif 2021
season, the high estimates of PCV and GCV (>20%)
were recorded for the characters like number of
clusters per plant, pods per plant and seed yield/
plant. For days to maturity and pod length, the esti-
mates of PCV and GCV were low (<10%) during
both the years. For rest of the characters the esti-
mates were moderate (10—-20%). It is evident from
the Table 2 that during spring 2021 & spring 2022
crop season, the high estimates of PCV & GCV were
obtained for the characters viz. plant height, clusters
per plant, pods per plant and seed yield per plant;
the moderate estimates were obtained for pods per
cluster, seeds per pod and 100 seed weight,
whereas, low estimates of PCV and GCV were re-
corded for days to 50% maturity and pod length. A
comparative study of Table 1 and Table 2 further
showed that over all the four growing seasons, high
estimates of PCV and GCV were recorded only for
the traits viz. clusters per plant, number of pods per
plant and seed yield per plant. Similar to the present
findings, the high estimates of PCV and GCV for
different traits in urd bean were earlier obtained by
Kumar et al. (2014), Kumar et al. (2015), Hemalatha
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Table 2. Phenotypicand genotypic coefficient of variation, heritability and genetic advance as % of mean for various
traits during spring 2021 &spring 2022 season

Character Year Phenotypic Coefficient Mean ± Phenotypic Genotypic Heritability Genetic
range  of variation S.E. coefficient of coefficient in broad advance

variation of variation sense (%)  as % of
(PCV) (GCV)  mean

Days to Maturity 2021 64.33 - 76.67 8.75 70.47 ± 0.75 5.53 5.22 89.00 10.14
2022 64.00 - 78.00 9.86 71.74 ± 0.74 5.93 5.65 90.65 11.08

Plant Height 2021 15.89 - 53.09 53.93 28.04 ± 0.51 31.16 31.00 98.97 63.53
2022 17.60 - 45.05 43.81 28.92 ± 0.81 26.31 25.86 96.62 52.37

Primary Branches 2021 2.03 - 4.00 32.56 2.95 ± 0.09 19.06 18.40 93.14 36.58
per Plant 2022 2.40 - 5.33 37.93 3.89 ± 0.16 21.38 20.12 88.51 38.99
Cluster per plant 2021 3.35 - 13.05 59.17 7.66 ± 0.28 29.09 28.40 95.29 57.11

2022 4.52 - 16.67 56.36 9.65 ± 0.54 29.48 27.86 89.32 54.25
Pods per Cluster 2021 1.91 - 3.11 23.85 2.39 ± 0.08 14.50 13.38 85.21 25.45

2022 1.96 - 3.67 33.22 2.42 ± 0.10 20.28 18.94 87.22 36.43
Pod Length 2021 3.60 - 4.46 10.63 4.05 ± 0.10 7.33 6.08 68.79 10.39

2022 3.56 - 4.67 15.51 4.17 ± 0.08 7.99 7.22 81.68 13.45
Seeds per Pod 2021 4.00 - 6.33 22.59 5.46 ± 0.18 10.32 8.50 67.93 14.44

2022 4.03 - 7.14 27.77 5.92 ± 0.18 12.12 10.93 81.35 20.31
Pods per Plant 2021 9.74 - 25.74 45.09 18.62 ± 1.49 25.60 21.53 70.74 37.30

2022 10.15 - 31.67 51.15 21.36 ± 0.78 24.18 23.34 93.18 46.41
100 Seed Weight 2021 2.67 - 6.05 38.78 3.61 ± 0.07 18.23 17.93 96.77 36.34

2022 2.79 - 6.67 38.34 3.63 ± 0.08 19.52 19.17 96.40 38.77
Yield per Plant 2021 1.57 - 3.80 41.61 2.38 ± 0.15 23.20 20.33 76.78 36.69

2022 0.57 - 2.81 65.94 1.39 ± 0.11 38.16 35.64 87.22 68.57

Table 1. Phenotypicand genotypic coefficient of variations, heritability and genetic advance as % of mean for various
traits during kharif 2020 and kharif 2021 season

Character Year Phenotypic Coefficient Mean ± Phenotypic Genotypic Heritability Genetic
range of variation   S.E. coefficient of coefficient in broad advance

variation of variation  sense (%) as % of
(PCV)    (GCV)   mean

Days to Maturity 2020 85.00 - 102.00 9.09 92.87 ± 1.27 5.89 5.39 83.69 10.15
2021 86.67 - 104.67 9.41 94.48 ± 1.01 5.23 4.90 87.51 9.44

Plant Height 2020 25.42 - 58.65 39.53 44.81 ± 0.95 18.20 17.82 95.89 35.95
2021 30.42 - 90.56 49.71 49.51 ± 2.35 26.28 24.95 90.19 48.82

Primary Branches 2020 2.04 - 3.88 31.01 3.03 ± 0.08 19.25 18.74 94.72 37.57
per Plant 2021 1.97 - 5.34 46.17 3.25 ± 0.08 26.01 25.66 97.37 52.17
Cluster per plant 2020 10.10 - 24.10 40.95 16.05 ± 0.55 22.15 21.35 92.94 42.41

2021 9.10 - 22.72 42.81 15.45 ± 0.56 28.14 27.42 94.96 55.05
Pods per Cluster 2020 1.86 - 2.80 20.12 2.19 ± 0.06 12.22 11.38 86.74 21.83

2021 1.28 - 3.32 44.28 2.43 ± 0.04 20.26 20.02 97.62 40.74
Pod Length 2020 3.73 - 4.95 14.01 4.40 ± 0.08 6.39 5.47 73.22 9.64

2021 3.70 - 4.83 13.24 4.34 ± 0.07 6.59 6.04 83.79 11.38
Seeds per Pod 2020 4.54 - 8.24 28.90 6.30 ± 0.28 14.89 12.80 73.82 22.65

2021 4.34 - 8.13 30.36 6.25 ± 0.28 15.99 13.91 75.68 24.92
Pods per Plant 2020 17.77 - 49.21 46.94 32.09 ± 1.53 28.76 27.55 91.81 54.39

2021 12.46 - 54.44 62.76 32.73 ± 1.28 29.83 29.05 94.84 58.28
100 Seed Weight 2020 2.73 - 4.53 24.83 3.48 ± 0.10 12.95 11.87 83.96 22.40

2021 3.18 - 6.79 36.15 4.10 ± 0.06 17.19 17.02 98.04 34.72
Seed yield per Plant 2020 2.75 - 8.10 49.35 5.32 ± 0.47 32.95 29.21 78.56 53.33

2021 3.09 - 7.88 43.66 4.79 ± 0.21 23.50 22.23 89.46 43.31
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et al. (2017) and Gomathi et al. (2020).
The estimates of heritability were high (>75%) for

all the traits except pod length during both the year
indicating that these traits were least influenced by
the environment. Selection for improvement of these
traits may not be very useful, as the estimates of
broad sense heritability are based on total genetic
variance which include both fixable (additive) as
well as non-fixable (dominance and epistatic) vari-
ances (Bohra et al., 2015; Pal et al., 2018; Verma et al.,
2018 and Gaur et al., 2020).

It is further evident from the Table 1 that the es-
timates of genetic advance as percent of mean were
high (>20%) for the traits viz. plant height, primary
branches per plant, clusters per plant, pods per clus-
ter, seeds per pod, pods per plant, 100 seed weight
and seed yield per plant during kharif 2020 and 2021
crop season. The high estimates of genetic advance
as percent of mean were obtained for the traits viz.
plant height, primary branches per plant, clusters
per plant, pods per cluster, pods per plant, 100 seed
weight and seed yield per plant during spring 2021
and 2022 crop season (Table 2). High estimates of
heritability alone did not assure that the selection
may bring the desirable change in the character and
therefore, heritability accompanied withgenetic ad-
vance gives better idea regarding the effectiveness of
selection (Verma et al., 2018 and Gautam et al., 2021).

In the present investigation, high estimates of heri-
tability coupled with high genetic advance were
obtained over all the crop seasons for thetraits viz.
plant height, primary branches per plant, clusters
per plant, pods per cluster, pods per plant, 100 seed
weight and seed yield per plant indicating that the
heritability for these traits is most likely due to the
additive gene effects and the selection may be effec-
tive (Gowsalya et al., 2016; Hemalatha et al., 2017
and Gomathi et al., 2020).

In general, genotypic correlation coefficients were
higher in magnitude than the corresponding pheno-
typic correlation coefficients during all the four
growing seasons (Table 3 & 4), indicating that there
is a strong association between the traits genetically,
but the phenotypic values were lessened by the sig-
nificant interaction of environment. Similar findings
regarding genotypic and phenotypic correlation co-
efficients were earlier reported by Kumar et al.
(2015), Hemalatha et al. (2017) and Gomathi et al.
(2020) in urdbean. A critical insight of Table 3 re-
vealed that during both the kharif seasons, seed yield
per plant exhibited positive and significant correla-
tion with primary branches per plant, seeds per pod
and pods per plant only, however, during both
spring seasons seed yield per plant exhibited posi-
tive and significant correlation with primary
branches per plant only (Table 4) at both genotypic

Table 5. Path coefficient analysis at phenotypic level during kharif 2020 and kharif 2021

Character Year Phenotypic Days to Plant Primary Cluster Pods Pod Seeds Pods 100 seed
correlation maturity height branches per plant per length per per weight
with yield per plant cluster pod plant
per plant

Days to maturity 2020 -0.162 -0.109 -0.005 -0.072 0.043 0.000 -0.013 0.003 -0.043 0.034
2021 -0.164 -0.329 0.031 0.009 -0.001 -0.001 0.007 0.023 0.061 0.037

Plant height 2020 0.114 0.003 0.233 -0.143 -0.059 -0.002 -0.027 0.086 0.010 0.013
2021 0.145 -0.122 0.082 0.010 -0.002 0.009 -0.011 0.059 0.125 -0.005

Primary branches 2020 0.325** 0.020 -0.085 0.392 -0.100 0.003 0.026 0.008 0.097 -0.035
per plant 2021 0.445** -0.020 0.006 0.143 -0.005 0.012 -0.044 0.108 0.180 0.064
Cluster per plant 2020 0.126 0.016 0.047 0.135 -0.290 0.001 0.042 0.007 0.190 -0.024

2021 0.330** -0.031 0.020 0.084 -0.009 0.004 -0.087 0.013 0.265 0.071
Pods per cluster 2020 0.225* 0.004 -0.043 0.165 -0.037 0.008 0.024 -0.009 0.066 0.046

2021 0.267** 0.011 0.020 0.050 -0.001 0.035 -0.075 0.078 0.169 -0.020
Pod length 2020 -0.177 -0.009 0.038 -0.061 0.074 -0.001 -0.164 0.015 -0.056 -0.013

2021 -0.045 0.009 0.004 0.024 -0.003 0.010 -0.261 0.088 0.117 -0.034
Seeds per pod 2020 0.374** -0.001 0.071 0.010 -0.007 0.000 -0.009 0.283 0.010 0.015

2021 0.260* -0.025 0.016 0.051 0.000 0.009 -0.076 0.300 0.020 -0.035
Pods per plant 2020 0.222* 0.021 0.010 0.168 -0.244 0.002 0.041 0.013 0.226 -0.014

2021 0.398** -0.060 0.031 0.077 -0.007 0.018 -0.091 0.018 0.337 0.075
100 seed weight 2020 -0.160 0.020 -0.017 0.077 -0.038 -0.002 -0.012 -0.024 0.017 -0.181

2021 0.352** -0.042 -0.001 0.033 -0.002 -0.002 0.031 -0.037 0.090 0.283

Diagonal bold values represent direct contribution of traits on seedyield per plant
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Table 6. Path coefficient analysis at phenotypic level during spring 2021 and spring 2022

Character Year PhenotypicDays to Plant Primary Cluster Pods per Pod Seeds Pods per 100 seed
correlationmaturity height branches per plant cluster length per pod plant weight
with yield per plant
per plant

Days to maturity 2021 -0.120 -0.193 -0.004 0.023 0.016 0.046 -0.003 -0.001 0.001 -0.005
2022 -0.032 0.058 -0.002 0.050 -0.033 -0.022 -0.013 -0.052 -0.015 -0.002

Plant height 2021 -0.173 -0.009 -0.093 -0.085 -0.014 0.034 0.000 0.000 -0.002 -0.004
2022 -0.179 -0.003 0.050 -0.192 0.014 -0.029 0.003 -0.004 -0.003 -0.016

Primary branches 2021 -0.286** 0.020 -0.035 -0.224 -0.015 -0.021 0.000 0.000 -0.025 0.015
per plant 2022 -0.362** -0.006 0.021 -0.452 0.034 -0.021 0.003 0.011 0.015 0.032
Cluster per plant 2021 -0.015 0.044 -0.019 -0.047 -0.069 0.032 0.002 0.000 0.044 -0.002

2022 0.006 -0.011 0.004 -0.090 0.171 -0.092 0.0003 0.049 -0.029 0.003
Pods per cluster 2021 -0.161 0.046 0.016 -0.024 0.011 -0.193 0.002 0.000 0.009 -0.028

2022 0.109 -0.005 -0.005 0.035 -0.059 0.268 0.002 -0.058 -0.020 -0.049
Pod length 2021 -0.010 0.036 -0.003 -0.005 -0.010 -0.027 0.014 0.0002 -0.017 0.004

2022 -0.004 -0.028 0.006 -0.052 0.002 0.016 0.026 -0.049 0.046 0.029
Seeds per pod 2021 0.267* -0.060 -0.021 0.010 0.016 0.023 -0.091 0.211 -0.139 0.004

2022 0.273** 0.011 -0.102 0.018 -0.201 0.007 0.005 0.238 0.013 -0.207
Pods per plant 2021 0.214* -0.001 0.001 0.043 -0.023 -0.013 -0.002 0.001 0.131 -0.031

2022 0.213* -0.159 0.002 -0.064 0.046 0.049 -0.011 0.033 0.189 -0.054
100 seed weight 2021 -0.097 -0.009 -0.003 0.032 -0.001 -0.053 -0.001 0.000 0.040 -0.102

2022 -0.128 0.001 0.004 0.070 -0.003 0.063 -0.004 -0.024 -0.028 -0.207

Diagonal bold values represent direct contribution of traits on seed yield per plant

as well as phenotypic level. The present finding in-
dicated that an improvement in these component
traits may bring desirable improvements in the seed
yield per plant. It was further observed that 100 –
seed weight exhibited significant and positive corre-
lation at genotypic as well as phenotypic level with
pods per plant during both the spring seasons
(Table 4). Present results indicated that during both
the kharif seasons, pods per plant was positively and
significantly associated with primary branches per
plant, clusters per plant and pods per cluster,
whereas, during both the spring seasons the trait
pods per plant was positively and significantly asso-
ciated with number of cluster per plant at both geno-
typic as well as phenotypic level. The present find-
ing of correlation between different traits were in
perfect conformity of the earlier findings of Kumar
et al. (2014), Kumar et al. (2015), Hemalatha et al.
(2017) and Gomathi et al. (2020) in urd bean.

Path coefficient analysis showed that during both
the kharif seasons and both the spring seasons maxi-
mum contribution towards the seed yield per plant
was exhibited by the traits seeds per pod and pods
per plant (Table 5 & 6). It is further evident that the
traits seeds per pod and pods per plant not only
contributed maximum towards seed yield per plant
but these components traits were also positively and

significantly correlated with seed yield per plant
during both the kharif seasons. It indicated the true
relationship between seed yield per plant and the
component traits viz. seeds per pod and pods per
plant. Direct selection for these traits will be reward-
ing for yield improvement. Present findings regard-
ing the contribution of different component traits
towards the seed yield per plant were well sup-
ported by the earlier finding obtained by Tank and
Sharma (2019) and Sagar et al.(2021) in blackgram.

Conclusion

On the basis of present findings, it can be concluded
that the traits like seeds per pod and pods per plant
not only exhibited moderate to high estimates of
heritability and genetic advance, they contributed
maximum towards the dependent variable seed
yield per plant besides showing high positive corre-
lation with seed yield per plant. This indicated that
these two component traits are governed by addi-
tive gene action and direct selection for these com-
ponent traits may bring desirable improvement in
seed yield per plant.
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