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ABSTRACT
Background: Twenty-four released varieties of Indian Mustard were evaluated during rabi 2015-16 and 2016-17 under irrigated
environment to study character association for seed yield and its component traits.
Methods: Analysis of variance on thirteen quantitative characters was carried out and pooled over the years. Path analysis was
carried out using correlation coefficients to know the yield contributing traits.
Result: Significant differences were noticed for all the traits among the genotypes. The genotypic and phenotypic variation is higher
for seed yield/plant, 1000 seed weight, secondary branches/plant and total siliquae/plant. Heritability estimate were very high for
1000 seed weight, siliqua length, plant height, seeds/siliqua, total siliquae/plant and days to maturity. Genetic advance as percent of
mean were high for seed yield/plant, 1000 seed weight, secondary branches/plant and total siliquae/plant. The correlation of seed
yield/plant shows significant positive association with days to maturity, primary branches/plant, secondary branches/plant, total
siliquae/plant, siliqua length, seeds/siliqua, 1000 seed weight and length of main shoot. From correlation coefficients and path
analysis it appeared that length of main shoot, 1000 seed weight, number of secondary branches/plant and days to maturity were
most important yield components having highly positive direct and indirect effects.

Key words: Brassica juncea, Correlation, GCV, Path analysis, PCV, Variability.

INTRODUCTION
Rapeseed-Mustard (Brassica spp) is the second largest
oilseed crop in India after soybean in production among eight
annual edible oilseeds cultivated in our country. It is
cultivated in rabi season mainly in North-west India and
contributes nearly 27 percent to edible oil pool of the country.
Major mustard growing states are Rajasthan, U.P., M.P.,
Haryana, West Bengal, Gujarat, Bihar and Punjab in India.
In terms of area, Rajasthan is the leading state and occupies
nearly 45% of the total area and contributes in the same
proportion towards the production to the national oilseed
pool. Apart from direct human and animal consumption,
industrial uses include the manufacture of rapeseed oil and
conversion biomass to bio-energy, have been developed in
the recent years in world (Ofori and Becker, 2008). Total
area, production and productivity of rapeseed-mustard in
world during 2019-20 was 35.95 mha, 71.49 mt and 1990
kg/ha respectively. In India rapeseed-mustard area,
production and productivity was 6.86 mha, 9.12 mt and 1331
kg/ha respectively during 2019-20. Globally, India continues
to be rank 2nd after Canada in acreage (19.81%) and rank
4th after Canada, European Union and China in production
(10.37%)( AICRP PC Report-2021, ICAR-DRMR).

The essentiality of oil and oil seed by-products in our
daily diet were well realized. Biochemically, edible mustard
oil is an excellent source of energy in comparison to
carbohydrates and proteins. Mustard oil is extensively used
in the delicious food preparation, enhancing food palatability
and flavor of the food. Mustard oil is also used as hair oil,
lubricants, a folk remedy for arthritis, foot ache, lumbago

and rheumatism (Duke and Wain 1981). The oil seed cake
is also used as cattle feed and fertilizers (Reed, 1976).
Mustard seed is also used as a spice in many of the Indian
dishes. Young tender leaves of mustard are also popular
for salads, garnishing and even as vegetables. In ever
growing population throughout the world, the demand for
edible oils as well as food is also increasing. Thus, the
cultivation of oilseed crops is gaining more importance day
by day. In the last few decades, several mustard varieties
were released to enhance the productivity.

A large number of high-yielding area specific varieties
have been developed in Indian mustard but unfortunately,
in spite of having the varieties with the yield potential of 2.0-
2.5 tonnes/ha, our national average is revolving around 1331
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kg/ha (2019-20). Moreover, yield levels are also not
sustainable and fluctuate year after year leading to
fluctuation in production.

The success of breeding programme largely depends
on heritability, genetic advance and genetic variability
present in the available germplasm of a particular crop.
Breeding for high seed yield and other economic traits is a
very important objective in any crop improvement
programme. Yield is a complex character dependent on
many other ancillary characters which are mostly inherited
quantitatively. Path coefficient analysis is the most effective
mean to find out direct and indirect causes of association
among the different variables. Therefore, the knowledge of
direct and indirect effects of different components on yield
is most important thing in selection of high yielding
genotypes. Keeping this fact in view, this study was carried
out by involving some popularly cultivated and newly
released cultivars of Indian mustard.

MATERIALS AND METHODS
The experiments were conducted at the experimental farm
of Pulses and Oilseeds Research Station, Berhampore,
West Bengal during rabi season 2015-16 and 2016-17 under
irrigated condition. The material for present study consisted
of 24 popular varieties of B. Juncea with wider adaptability
in areas of their recommendation viz. PM 21, PM 22, PM
24, PM 25, PM 26, PM 27, PM 28, PM 29, PM 30, Pusa
Tarak, Pusa Vijay, Pusa Karishma, Pusa Agrani, JD-6,
Sanjukta Asech, Seeta, Bhagirathi, Sarama, Pusa Bold,
Kranti, NRCHB-101, Shibani,, DRMR-150-35 and Gujarat
Mustard-1.

During both the years, the trials were laid out in
randomized block design with 3 replications with plot size
of 5.0 m  1.5 m. Row-to-row and plant-to-plant distance
was kept at 30 cm  10 cm. The data was recorded on 13
characters, viz., days to flowering, days to 50% flowering,
days to maturity, plant height (cm), number of primary
branches/plant, number of secondary branches/plant, length
of main shoot (cm), number of siliquae on main shoot,
siliquae length (cm), number of seeds/siliqua, 1000-seed
weight (g), total siliquae/ plant and seed yield/plant (g).
Except days to flowering, days to 50% flowering and days
to maturity, where data was recorded on plot basis, the data
for rest of the morphological characters was recorded from
randomly selected 5 competitive plants in the middle 3 rows
of each plot in all 3 replications. The recommended package
of practices was followed to raise a good crop. The mean
values of 5 samples, except for characters recorded on
whole plot basis, were used for detailed statistical analysis.
Analysis of variance was performed following the procedures
suggested by Gomez and Gomez (1984). The correlation
coeffic ients at genotypic and phenotypic level were
calculated according to Johnson et al.(1955) and path
coefficient was done as suggested by Dewey and Lu (1959).
In the present studied path coefficient analysis was done
by taking seed yield/plant as dependent variable and other

traits as independent variables for the pooled data.

RESULTS AND DISCUSSION
Analysis of variance revealed significant differences for
individual as well as pooled data among the genotypes for
all the traits indicating presence of wide spectrum of
variability within the genotypes (Table 1). High magnitude
of variability has been reported in Indian mustard germplasm
and varieties for characters by many workers (Kumar and
Misra  2007, Yadava et al. 2011) for days to 50% flowering,
days to maturity, plant height, total siliquae/plant and seed
yield/plant. Phenotypic coefficient of variation was higher
than genotypic coefficient of variation for all the observed
characters (Table 2). High PCV and GCV were found for
seed yield/plant, 1000 seed weight, number of secondary
branches/plant, total number of siliquae/plant and moderate
for days to flowering, days to 50%flowering, plant height,
number of siliquae on main shoot, length of main shoot and
length of siliqua. High PCV and GCV in Indian mustard for
seed yield/plant, 1000 seed weight, secondary branches/
plant were similarly observed by Singh (2004) and Yadava
et al.(2011). High PCV and GCV in Indian mustard for
secondary branches/plant and seed yield/plant was also
observed by Raj et al.(1998), Das et al. (1998) and Devmani
et al.(2014). High values of GCV and PCV coupled with high
heritability were observed for 1000 seed weight, secondary
branches/plant, seed yield/plant and total siliquae/plant
(Table 2) indicating that additive gene action might play major
role in the expression of these traits and selection would be
effective in further improvement of these traits. The results
showed presence of high amount of genetic variability in
the observed genotypes for the major yield contributing
characters along with seed yield that indicated further
improvement for these traits is possible.

In the present study highest heritability in broad sense
has estimated for 1000 seed weight, length of siliqua, plant
height, seeds/siliqua, total number of siliquae/plant and days
to maturity (Table 2). High heritability for 1000 seed weight
has been reported earlier (Mahla et al. 2003, Singh 2004,
Yadava et al. 2011). High variability for different characters
under study , like plant height and  total siliquae/plant (Singh
2004, Kumar and Misra 2007) has been reported earlier
also. High variability for length of siliqua and days to maturity
also reported earlier by Yadava et al. (2011). Genetic
advance as percent of mean was higher for seed yield/plant,
1000 seed weight, secondary branches/plant and total
siliquae/plant indicating that selection for these characters
would be effective for the improvement of this crop. High
heritability with high genetic advance as percent of mean
for seed yield/plant has been also reported by Singh (2004),
Kumar and Misra (2007) and Yadava et al. (2011), which
supports the results of the present study.

Correlation coefficients (Table 3) were estimated
between seed yield and other twelve characters under study
which expressed that seed yield had significant positive
association with days to maturity, primary branches/plant,
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secondary branches/plant, total siliquae/plant, siliqua length,
seeds/siliqua, 1000 seed weight and length of main shoot,
indicating that these are the major yield contributing
characters. Selection would be helpful in simultaneous
improvement in these traits for increasing yield of B. juncea.
Positive and significant association with total siliquae/plant,
1000 seed weight and seeds/siliqua were also observed by
Shekhawat et al.(2014).Seed yield/plant had positive
significant association with total number of siliquae/plant
and test weight was earlier reported  by Patra et al. (2006).
Highly positive correlation between total siliquae/plant and
seed yield /plant were also reported by Khayat et al. (2012)
and Hasan et al. (2014). In general the genotypic correlations
were slightly higher than the phenotypic ones; similar finding
was earlier reported by Mahla et al. (2003) and Patel et al.
(2019). The genotypic correlation was greater than the
phenotypic correlation for all the traits under study except
length of main shoot. In the present study positive non
significant association were observed for days to flowering,
days to 50% flowering, plant height and siliquae on main
shoot.

Path coefficient analysis (Table 4) helped to partition
the correlation coefficients of seed yield with the different
component traits into direct and indirect effects. It was found
from the analysis that the traits like number of seeds/siliqua
and number of secondary branches/plant were the most
important yield components followed by days to maturity,
number of primary branches/plant, 1000 seed weight and
length of main shoot as all these traits exhibited highly
positive direct effects on seed yield and their indirect effects
to seed yield via several other traits were mostly positive
both at phenotypic and genotypic level. Moreover, these six
traits showed significantly positive phenotypic and genotypic
correlation coefficients with seed yield. The results also
revealed that days to flowering had the highest direct effect
on seed yield per plant which was earlier reported by Patel
et al. (2019). But in the present study, the direct  contribution
of days to 50% flowering was found to be high and negative.
But as days to flowering or days to 50% flowering did not
show significantly positive correlation coefficient with seed
yield, so these two traits will not be considered as important
yield components, inspite of their highly positive or highly
negative direct effects on seed yield. Negative direct effect
of days to 50% flowering and siliquae length to seed yield/
plant was also reported by Swetha et al. (2019). On the
contrary, total siliquae number/plant and length of siliqua
were correlated significantly and positively with seed yield/
plant, but path analysis disclosed that the direct effects of
these two traits on seed yield were high and negative. The
results highlighted that the findings based on correlation
coefficients may not be valid and precise in the selection
strategy unless the path analysis results are compared. From
the path coefficient analysis it was revealed that that
selection of plants on the basis of total siliquae number/
plant and length of siliqua would not produce desired genetic
improvement in seed yield as their direct contribution to seed
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yield was negative. Thus, 1000 seed weight, number of
secondary branches/plant, length of main shoot, number of
seeds/siliqua and days to maturity transpired as important
yield components having high correlation coefficients
coupled with highly positive direct effects on seed yield. Out
of these six traits, some traits were significantly inter-
correlated positively both at phenotypic and genotypic level
namely, length of main shoot with days to flowering, days to
50% flowering, number of seeds/siliqua, total siliqua /plant,
days to maturity and length of siliqua. Similarly, days to
maturity was correlated significantly with plant height, days
to flowering, siliqua on main shoot. Such inter-correlation
was found between 1000 seed weight and seeds/siliqua,
secondary branches /plant with total siliquae/plant and length
of siliqua. So, selection for improved trait for one character
will have correlated positive response of other traits. So
selection criteria based on longer main shoot, more number
of secondary branches/plant and more 1000 seed weight
appeared to generate higher yield in Indian mustard. But
such developed genotypes must be medium to fit into the
crop rotation program. Such genotype would also produce
more number of seeds/siliqua, total siliquae/plant and long
siliqua because of correlated response of the selected traits.

CONCLUSION
The genotypes studied over two years are of diverse nature
and the characters viz., seed yield/plant, 1000 seed weight,
number of secondary branches/plant and length of main
shoot showed high GCV, PCV, heritability coupled with high
genetic advance percentage of mean. The traits namely,
length of main shoot, 1000 seed weight, number of
secondary branches/plant and days to maturity were
identified as important yield components based on
correlation coefficient and path coefficient analysis both at
phenotypic and genotypic on data pooled over two years
and information obtained would be helpful in restructuring
plant type and designing the selection methodology which
can be further used in the breeding program for improvement
of Indian mustard.
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