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Abstract

Line × Tester effect showed positive significance for all the characters except plant height, siliqua length, days to
maturity and test weight. Significant differences were observed for both general combining ability and specific combining
ability effects. IC-597919 found to be good general combiner for most of the traits. The cross combinations namely, IC-
597879 × IC-571648 was found to be most significant for yield/plant. On the basis of per se performance and estimates of
heterosis, the cross IC-597879 × IC-571648 found to be  most promising followed by IC-597919 × IC-335852 and IC-589669
× IC-338586 for seed yield/plant. The above best parents and best crosses can be used in hybridization and heterosis
breeding respectively.
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Introduction

Brassica juncea (L.) commonly known as Indian mustard
is globally used as oilseed, vegetable and condiments
(Saleem et al., 2017 and Kumar et al., 2018). Mustard
belongs to family Brassicaceae and genus Brassica. Indian
mustard (Brassica juncea L.) is a natural amphidiploids
(2n=36) of B. rapa (2n=20) and B. nigra (2n=16). Indian
mustard (B. juncea L.) popularly known as rai or raya is
one of the most important oilseed crops of the country
and it occupies considerably large acreage among the
Brassica group of oil seed crops. The mustard grown in
an area 6.41 million hector with a production of 6.57 million
tonnes and productivity of 7399 kg per hectare during
2016-17 (SEA, 2018). In India, Rajasthan ranks first in
area (2.56 million ha) and production (2.95 million tonnes)
followed by Eastern India and others, Uttar Pradesh,
Haryana, Punjab and West Bengal (SEA, 2018). Breeding
for heterosis is one of the most successful technological
options being employed for the improvement of crop
varieties (Gupta et al., 2010). Exploitation of heterosis
may play a very significant role in boosting
up the production and productivity of Indian mustard
(Meena et al., 2015)

Evaluation of breeding material for general and specific
combining ability as well as the extent of heterosis for
seed yield and yield contributing characters is a
prerequisite in any breeding programme aimed for the
development of improved genotypes or a hybrid. The
combining ability analysis also provides information
about the nature and magnitude of gene action involved

in the expression of various quantitative characters.
Keeping the view the present investigation was
undertaken with view to make an assessment of
combining ability and heterosis of parents and their
specific crosses in mustard. Various workers have
reported different types of gene action and combining
abilities in different sets of material studies. Combining
ability studies highlighted the predominance effects of
GCA on yield and most of the yield components indicating
the importance of additive gene action (Wos et al. 1999).
While Pandey et al. (1999) review evidence for the
presence of significant SCA effects for yield and yield
components indicating importance of non-additive gene
action. It is imperfect that before understanding any
breeding approach, the prepondrance of the gene action
and combining ability should be accessed in the material
in which the breeding program is undertaken based on
the line x tester mating design has been widely used in
crop plants for testing the performance of genotypes in
hybrid combinations and also for estimating the
magnitude and nature of gene action (Kempthorne, 1957).

Materials and Methods
Plant materials
The experimental material consisted of five lines (IC-
589669, IC-589670, IC-589680, IC-597879 and IC-597919)
and three testers (IC-571648, IC-335852 and IC-338586)
were collected from the National Bureau of Plant Genetic
Resource (NBPGR) New Delhi, India. The parental lines
were chosen in a systematic random way to represent the
phenotypic diversity, and a study was conducted for yield
and yield-related parameters.
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Field experiment

During the Rabi season of the years 2016–17 and 2017–
18, all eight parents were crossed in a line X tester mating
design as per the method suggested by Kempthorne
(1957) at Research Farm, Department of Agriculture, Mata
Gujri College, Fatehgarh Sahib, This place is situated
between 30-27’ and 30-46’ latitudes and 76-04’ and 76-
38’E latitudes and a mean height of 247 meters above sea
level. The annual precipitation rate is around 710 mm,
and soil is sandy loam. The parents were sown in
Randomized Block Design (RBD) with three replications.
Each plot consisted of a single row of 5 meter length. The
distance between rows and plants was kept at 70 cm and
25 cm, respectively. The recommended doses of nutrients
were applied. Half of N and the entire P

2
O

5
 and K

2
O were

applied at the time of field preparation as the basal dose.
The remaining quantity of nitrogen was given as the top
dressing. Other operations were undertaken to keep the
field free from weeds.

Data collection and analysis

Observations were recorded for developmental,
quantitative and qualitative characters on a single plant
basis. Phenotypic traits were recorded in days from
sowing until about days to first flowering, days to 50%
flowering, number of primary branches, number of
secondary branches, plant height (cm), number of siliqua
per plant, siliqua length (cm), number of seeds per siliqua,
days to maturity, biological yield per plant (g), seed yield
per plant (g), harvest index (%) and test weight (g)
respectively. The data pertaining to various characters
were analysed as per the procedure of RBD given by
Panse and Sukhatme (1978). The combining ability
analysis was performed for a Line × Tester mating design
as per the method suggested by Kempthorne (1957). The
average F

1
 value was used for estimation of heterosis

expressed in percentage over mid parent (MP) and better
parent (BP) values, where MP value = (P

1
ÿP

2
)/2, Relative

heterosis = [(F
1
-MP)/MP] x 100, heterobeltiosis = [(F

1
 –

BP)/BP] x100.

Results and Discussion
Analysis of variance for combining ability

Analysis of variance for combining ability, for line effect
showed significant variance only for days to maturity.
None of the character exhibited significant variance for
tester effect. Line × Tester effect showed positive
significance for all the characters except plant height,
siliqua length, days to maturity and test weight. The
similar results were reported by Singh et al. (2007) and
Patel et al. (2013).
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General combining ability (GCA) and specific
combining ability (SCA) analysis

The results of gca effects are given in table 1. The parents
namely, IC-589669 is significant for number of seeds/
siliqua, days to maturity and seed yield/plant. IC-589670
for number of siliquae/plant, IC-589680 for number of
primary branches/plant, number of secondary branches/
plant, plant height, days to maturity, biological yield/plant
and seed yield/plant. IC-597879 for number of secondary
branches/plant, plant height and seed yield/plant, IC-
597919 for days to first flowering, secondary branches/
plant, plant height, number of siliquae/plant, siliqua length
and seed yield/plant, IC-571648 for biological yield/plant
and harvest index, IC-335852 for days to first flowering,
primary branches/plant, biological yield and seed yield/
plant, IC-338586 for primary branches/plant and seed
yield/plant. IC-597919 found to be good general combiner
for most of the traits. Similar finding were also reported
by Patel et al. (2013) and Gideon et al. (2015). The results
of specific combining ability (SCA) effects are presented
in table 2. The cross combinations namely, IC-597879 ×
IC-571648 was found to be most significant for yield/
plant followed by IC-589669 × IC-338586 and IC-589670 ×
IC-335852. The similar findings were reported by Gupta
et al. 2006 and Ahsan et al. (2013).

Estimation of Heterosis

Exploitation of hybrid vigour for yield characters content
provides an additional opportunity to improve and
develops hybrids for yield traits along with adaptability
for specific production environments. Estimates of mean
squares for all the characters studied were highly
significant indicating wide genetic differences among the
genotypes. The heterotic effect in F

1
 generation over

better parent and standard check are presented in Table
3, 4 and 5.

Significant negative heterosis is desirable for days to
first flowering. A significant and high degree of heterosis
for days to first flowering was observed in comparison to
the better parent and the commercial genotype as well.
Six cross combinations showed significant negative
desirable heterosis varies from -8.05 (IC-589669 × IC-
571648) to -16.78 (IC-597919 × IC-571648) over better
parents. Seven cross combinations showed significant
negative useful heterosis having -7.53 (IC-597919 × IC-
338586) to -15.07 (IC-589670 × IC-338586) over the
commercial check. The similar findings were reported by
Meena et al. (2014).

Days to 50% flowering significant negative heterosis is
useful for earliness. Three cross combinations exhibited

significant negative heterobeltiosis ranging from -7.60
(IC-589670 × IC-338586) to -13.19 (IC-589680 × IC-571648).
Ten cross combinations exhibited significant negative
useful heterosis ranging from -7.10 (IC-597879 × IC-
571648) to -13.66 (IC-589670 × IC-338586) over the
commercial check. The same results were also reported
by Patel et al. (2012) and Dholu et al. (2014).

Four cross combinations exhibited significant positive
heterobeltiosis for primary branches/plant ranging from
31.25 (IC-597879 × IC-571648) to 38.89 (IC-597919 × IC-
571648). Seven cross combinations exhibited significant
positive useful heterosis which is ranging from 33.33 (IC-
589669 × IC-571648) to 66.67 (IC-589670 × IC-335852) over
the commercial check. Similar results were also reported
by Patel et al, 2010 and Meena et al. (2014).

Five cross combinations exhibited significant positive
useful heterobeltiosis ranging from 29.55 (IC-597919 ×
IC-571648) to 51.35 (IC-597879 × IC-335852), while one
cross IC-589670 × IC-571648 (-36.73) showed negatively
significant for number of secondary branches/plant.
Eleven cross combinations exhibited significant positive
useful heterosis which ranging from 37.93 (IC-589669 ×
IC-335852) to 113.79 (IC-597919 × IC-338586) over the
commercial check. The similar results were also reported
by Singh et al. 2007 and Aher et al. (2009).

The plant height is an important trait by which growth
and vigour of plants are measured. A significant and high
degree of heterosis for plant height was observed in
comparison to the better parent and the commercial
genotype as well. One cross IC-597879 × IC-571648 (9.72)
showed significant positive heterobeltiosis. Fifteen cross
combinations exhibited significant positive heterosis
ranging from 14.45 (IC-589680 × IC-338586) to 32.51 (IC-
597879 × IC-571648). The similar findings were also
reported by Meena et al. (2014).

Seven cross combinations exhibited significant positive
heterobeltiosis for number of siliquae/plant ranging from
29.57 (IC-597879 × IC-571648) to 72.47 (IC-597919 × IC-
338586). Fifteen cross combinations exhibited significant
positive useful heterosis ranging from 40.33 (IC-589670 ×
IC-335852) to 229.20 (IC-597919 × IC-338586) over
commercial check for number of siliquae/plant. The similar
results were also reported by Singh et al. (2007) and Singh
et al. (2012).

Fourteen cross combinations exhibited significant
positive useful heterosis was ranging from 13.73 (IC-
589670 × IC-571648) to 32.35 (IC-589669 × IC-571648) over
the commercial check for siliqua length which matched
with the results of Meena et al. (2014).
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Two crosses IC-597879 × IC-338586 (11.76) and IC-589670
× IC-338586 (12.50) were found to be positively significant
over better parent for number of seeds/siliqua. Fifteen
cross combinations exhibited significant positive useful
heterosis which ranging from 14.81 (IC-597879 × IC-
335852) to 40.74 (IC-589669 × IC-571648) over commercial
check for number of seeds/siliqua. The similar results
were also reported by Mahto and Haider (2004).

For days to maturity significant negative heterosis is
desirable. Fifteen cross combinations exhibited negative
significant useful heterosis ranging from -5.23 (IC-597919
× IC-571648) to -8.58 (IC-589680 × IC-571648) over the
commercial check. The same findings were also reported
by Turi et al. (2006) and Dar et al. (2012). Five cross
combinations exhibited significant positive useful
heterosis which ranging from 43.95 (IC-589670 × IC-
338586) to 73.75 (IC-589669 × IC-335852) over commercial
check for biological yield/plant. The similar results were
accounted by Shehzad et al. (2015).

Three cross combinations showed significant positive
heterobeltiosis ranging from 32.04 (IC-589669 × IC-338586)
to 56.38 (IC-597879 × IC-571648) for seed yield/plant.
Thirteen cross combinations showed significant positive
useful heterosis ranging from 37.29 (IC-589680 × IC-
338586) to 149.15 (IC-597879 × IC-571648). The similar
results were also reported by Aher et al. (2009) and Yadava
et al. (2012). Although, three cross combinations showed
significant positive heterobeltiosis varies from 32.86%
(IC-589670 × IC-571648) to 49.75% (IC-589669 × IC-338586)
over better parent for harvest index. Fourteen cross
combinations exhibited significant positive useful
heterosis which ranging from 30.19% (IC-597879 × IC-
338586) to 91.77% (IC-589669 × IC-338586) over the
commercial check for harvest index. The similar results
were also reported by Dholu et al. (2014).

Two crosses IC-597879 × IC-571648 (26.73) and IC-597919
× IC-335852 (51.81) exhibited positive significant
heterobeltiosis for test weight. Ten cross combinations
exhibited significant positive useful heterosis which
ranging from 33.75 (IC-589680 × IC-335852) to 60.00 (IC-
597879 × IC-571648) for test weight. The similar results
were also reported by Meena et al. (2014).

Conclusion

GCA effects revealed that the IC-597919 having
significant and positive GCA effects was found to be the
best combiner for most of the yield contributing traits,
while on the basis of SCA, IC-597879 × IC-571648 was
recorded best specific combination for most of the yield
contributing traits viz., biological yield/plant, seed yield/

plant. It may be concluded that IC-597919 is good general
combiner and IC-597919 × IC-571648 is a best specific
combination for higher yield. For heterosis, six cross
combinations exhibited significant heterobeltiosis for seed
yield/plant. On the basis of per se performance and
estimates of heterosis, the cross IC-597879 × IC-571648
found to be  most promising followed by IC-597919 × IC-
335852 and IC-589669 × IC-338586 for seed yield/plant,
hence could be evaluated further to exploit the heterosis
and utilized in future breeding programmes to obtain
desirable and superior genotypes.
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