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ABSTRACT This study identified the best parents and hybrids on the basis of general, specific combining ability
and high heterotic performance for yield traits, involving crosses of  five mustard lines (female parents) and three
testers (male parents), in line x tester design. ANOVA result revealed that for combining ability showed variance
among lines and testers due to interaction between them.  For GCA effects, IC-317528 considered as the best
general combiner for most maximum number of the traits. For SCA effects, IC-589669 × IC-571683 is best
combination for most of the traits.  On the basis of mean performance and estimates of heterosis, the cross IC-
589669 × IC-571655 was found most promising for seed yield/plant, hence could be evaluated further for detail
heterosis estimation or even in breeding programme, in search of a best cultivar/s.

INTRODUCTION

Brassica juncea (L.) Czern and Coss., com-
monly called as Indian mustard, is a member of
family Brassicaceae and a classical amphidip-
loids (2n=36), obtained from B. rapa (2n=20) and
B. nigra (2n=16).

The family Brassicaceae consists of more
than 3,000 species and 370 genera, many of which
are already under cultivation. The genus Bras-
sica contains more than 100 species, including
broccoli, cabbage, cauliflower, turnip, brussels
sprouts including various types of mustards and
weeds by Gomez Campo and Prakash (1999). The
family Brassicaceae is an important source of
edible roots, stems, leaves, buds and inflores-
cence, as well as medicines, industrial oils, for-
ages and condiments. Brassica group species
(B. juncea, B. napus, B. campestris and B. cari-
nata) is the common oilseed crops grown in the
world for edible and industrial purpose.

Identifying parental material with strong het-
erosis for yield and obtain genetic parameters
are the important steps in the development of
new cultivars. It is important to have informa-
tion about the desirable parental combinations
which can represent a high degree of heterotic
response. By exploiting heterosis in the F

1
 hy-

brids, production cost could be reduced by in-
creasing yield level and enhancing input use

efficiency by Pingali (1997). Indian mustard be-
ing a self-pollinated crop, line x tester mating
system proposed by Kempthorne (1957) for
combing ability analysis is very important for
screening of lines with rapidity.

MATERIAL  AND  METHODS

Plant Materials

The experimental material (genotypes) for the
present research consisted of five lines (IC-
589669, IC-589670, IC-317528, IC-335852, IC-
335858) used as females and three testers (IC-
571648, IC-571655, IC-571683) used as males of
Indian mustard. These were crossed in a Line ×
Tester mating design. The Shriram Rani is selec-
tion variety used as a check.

Experimental Location and Design

The resultant 15 F
1
 hybrids along with their

eight parents were evaluated in randomized block
design (RBD) with three replications at the Re-
search Farm, Department of Agriculture, Mata
Gujri (Autonomous) College, Fatehgarh Sahib
during Rabi 2017-18. This place is situated be-
tween 30-27’ and 30-46’ latitudes and 76-04’ and
76-38’E latitudes and a mean height of 247 meters
above sea level. Row to plant spacing of 70 ×
25cm was maintained and proper plant popula-
tion maintained by thinning.
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Data Collection and Analysis

Five selected plants were taken from each
genotype for recording data on different char-
acters viz., first flowering, 50 percent flowering,
number of primary branches, number of second-
ary branches, plant height (cm), number of siliq-
ua per plant, siliqua length (cm), seeds per siliq-
ua, number of days to maturity, biological yield
per plant (g), seed yield per plant (g), harvest
index (percentage) and test weight (g) respec-
tively. The data pertaining to various characters
were analysed as per the procedure of RBD giv-
en by Panse and Sukhatme (1985). Data were
analyzed by Windostat Version 9.3 from Indostat
Services, Hyderabad.

RESULTS

Estimation of Heterobeltiosis and Useful
Heterosis

In the present research, the magnitude of
heterobeltiosis (HB) and economic heterosis
(EH) have been calculated. The magnitude of
heterosis have been expressed as percent in-
crease or decrease of F

1
 hybrid value over better

parent and over standard check (economic het-
erosis). The character wise results of better parent
and economic heterosis are presented in Tables
1-3.

Seven cross combinations shows that sig-
nificant positive heterobeltiosis varies from 9.23
(IC-317528 × IC-571655) to 24.19 (IC-335852 ×
IC-571683) while only one cross combination
observed -9.23 (IC-335858 × IC-571683) over bet-
ter parents. Six cross showed significant nega-
tive useful heterosis having -7.24 (IC-335858 ×
IC-571683) to -15.86 (IC-589670 × IC-571683) over
the commercial check in days to first flowering.
For days to fifty percent flowering, none of cross
exhibited significantly positive heterosis over
better parent while four cross combination ex-
hibited significant negative heterobeltiosis rang-
ing from -7.33 (IC-335852 × IC-571655) to -10.47
(IC-335858 × IC-571683). Thirteen cross combi-
nations exhibited significant negative useful
heterosis ranging from -7.18 (IC-317528 × IC-
571648) to -16.92 (IC-589670 × IC-571683) over
the commercial check. Two cross combinations
exhibited significant positive heterobeltiosis for
primary branches ranging from 39.29 (IC-335858
× IC-571648) to 65.38 (IC-589669 × IC-571683)

over better parent while two crosses were found
to be negatively significant heterobeltiosis with
same range -25.81 (IC-335852 × IC-571648) and -
25.81 (IC-335852 × IC-571655) over better par-
ent. Twelve cross combinations exhibited sig-
nificant positive useful heterosis ranging from
47.06 (IC-317528 × IC-571655) to 152.94 (IC-
589669 × IC-571683) over the commercial check
while none of cross showed significant nega-
tive useful heterosis for number of primary
branches. Two cross combinations exhibited sig-
nificant positive heterobeltiosis ranging from
20.37 (IC-335858 × IC-571648) to 78.43 (IC-589669
× IC-571683) over better parent while three cross
combinations were found to be negatively sig-
nificant heterobeltiosis ranging from -15.94 (IC-
589670 × IC-571683) to -47.83 (IC-589670 × IC-
571648) over better parent. Out of fifteen, four-
teen cross combinations exhibited significant
positive useful heterosis ranging from 42.42 (IC-
317528 × IC-571648) to 175 (IC-589669 × IC-
571683) over the commercial check in number of
secondary branches. The plant height is an im-
portant trait by which growth and vigour of
plants are measured, only one cross combina-
tions showed significant positive heterobeltio-
sis 20.36 (IC-335858 × IC-571655) over better
parent while six crosses exhibited negative sig-
nificant heterobeltiosis ranging from -5.91 (IC-
335852 × IC-571683) to -23.14 (IC-317528 × IC-
571683). Fourteen crosses exhibited significant
positive useful heterosis ranging from 10.86 (IC-
335852 × IC-571655) to 61.20 (IC-335858 × IC-
571655) while none of crosses exhibited signifi-
cant negative useful heterosis. For number of
siliquae/plant, five cross combinations exhibit-
ed significant positive heterobeltiosis for num-
ber of siliquae/plant ranging from 20.89 (IC-
589669 × IC-571655) to 32.71 (IC-317528 × IC-
571648) over better parent while one cross com-
bination was found to be negatively significant
heterobeltiosis ranging from -32.24 (IC-335858 ×
IC-571655) over better parent. Thirteen cross
combinations exhibited significant positive use-
ful heterosis ranging from 35.58 (IC-589670 × IC-
571683) to 89.51 (IC-317528 × IC-571655) while
none of cross combinations were found to be
significant negative useful heterosis varying
from over commercial check for number of siliq-
uae/plant. Siliqua length is of prime importance
in breeding programs to develop high yielding
cultivars: None of the cross combinations ex-
hibited significant positive heterobeltiosis for
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siliqua length ranging over better parent while
four cross combination were found to be nega-
tively significant heterobeltiosis ranging from -
14.74 (IC-317528 × IC-571655) to -23.90 (IC-
589669 × IC-571655) over better parent. Twelve
cross combinations exhibited significant posi-
tive useful heterosis ranging from 21.37 (IC-
317528 × IC-571655) to 37.25 (IC-317528 × IC-
571648) over the commercial check for siliqua
length. None of the crosses exhibited negative
significant useful heterosis for this trait. Only
IC-589669 × IC-571648 cross combination was
found to be negatively significant heterosis -
8.23 over better parent. Fifteen cross combina-
tions exhibited significant positive useful het-
erosis ranging from 15.80 (IC-589669 × IC-571648)
to 26.43 (IC-317528 × IC-571648) over the com-
mercial check for days to maturity. None of the
crosses exhibited negative significant useful
heterosis for days to maturity in days to maturi-
ty. None of any cross combination were found
to be negatively and positively significant het-
erobeltiosis. The entire cross combinations ex-
hibited significant positive useful heterosis rang-
ing from 29.03 (IC-317528 × IC-571683) to 54.84
(IC-335858 × IC-571683) over commercial check
for number of seeds/siliqua. Two cross combi-
nations shows that significant positive hetero-
beltiosis varies from 45.39 (IC-317528 × IC-
571548) to 45.66 (IC-317528 × IC-571683) while
three F

1
 combinations varies from -27.03 (IC-

335852 × IC-5716478) to -32.65 (IC-589670 × IC-
571648) over better parents. Three cross combi-
nations exhibited significant positive useful het-
erosis ranging from 61.31 (IC-317528 × IC-571655)
to 78.20 (IC-317528 × IC-571683) for biological
yield/plant. Only IC-589669 × IC-571655 cross
showed significant positive heterobeltiosis 26.30
over better parent while four  crosses exhibited
significant negative heterobeltiosis varying from
-26.47 (IC-335852 × IC-571648) to -47.24 (IC-
589670 × IC-571683) over better parent. Seven F

1
crosses showed significant positive useful het-
erosis ranging from 48.60 (IC-317528 × IC-571655)
to 107.17 (IC-589669 × IC-571655) in seed yield/
plant. Only one cross combination shows sig-
nificant positive heterobeltiosis 59.97 percent
(IC-589669 × IC-571655) while five cross combi-
nation varies from -28.01 percent (IC-335852 ×
IC-571648) to -44.65 percent (IC-589670 × IC-
571683) over better parents. Four cross combi-
nations exhibited significant positive useful

heterosis ranging from 39.36 percent (IC-589669
× IC-571683) to 70.17 percent (IC-589669 × IC-
571655) over the commercial check for harvest
index. For test weight, none of the crosses ex-
hibited positive significant heterobeltiosis for
this trait. Two F

1
 combinations exhibited signif-

icant negative heterobeltiosis ranging from -28.03
(IC-317528 × IC-571683) to -30.81 (IC-317528 ×
IC-571648) over better parent. Two cross combi-
nations exhibited significant positive useful het-
erosis ranging from 29.50 (IC-589690 × IC-571648)
to 38.70 (IC-335852 × IC-571683).

Combining Ability

The results of analysis of variance (ANO-
VA) for combining ability are represented in Ta-
ble 4. The ANOVA for combining ability showed
the variance among lines, testers and due to in-
teraction between lines and testers. The ANO-
VA for combining ability, for line effect showed
significant variance for siliqua length, biologi-
cal yield/plant and harvest index. Siliqua length
and days to maturity exhibited significant vari-
ance for tester effect. Line × Tester effect showed
positive significance for all the characters ex-
cept siliqua length, number of seeds/siliqua, days
to maturity, biological yield/plant and test weight.
For general combining ability effects, results are
given in Table 5. The parents namely IC-589669
is significant for secondary branches/plant, sil-
iqua length, seed yield/plant and harvest index.
IC-589670 is significant for days to first flower-
ing and secondary branches/plant. IC-317528 is
significant for plant height, number of siliquae/
plant, biological yield/plant, harvest index and
test weight. IC-335852 is for primary branches/
plant, plant height, seed yield/plant and harvest
index. IC-335858 is for primary branches/plant,
secondary branches/plant, plant height and
number of siliquae/plant. IC-571648 is for days
to first flowering, days to fifty percent flower-
ing, secondary branches/plant, plant height and
days to maturity. IC-571655 is significant only
for plant height. IC-571683 is significant for days
to fifty percent flowering, secondary branches/
plant and plant height. For specific combining
ability effects, the results are given in Table 6.
The cross combination namely IC-589669 × IC-
571683 is significant for most of the yield con-
tributing traits.
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DISCUSSION

Estimation of Heterobeltiosis

The more important step in the exploitation
of hybrid vigour is to know significance and
direction. The nature and significance of het-
erosis help in identification of best F

1
 hybrids

and their exploitation to find better transgres-
sive segregants. The best parent and F

1
 hybrids

can be utilized in hybridization programme and
heterosis breeding, respectively. The dominant
linked gene hypothesis recommended by Jones
(1917) and advocated by several scientists/re-
searchers appears to be the more acceptable,
both in utilization and concept of heterosis breed-
ing in autogamous crops.

Days to first flowering and days to fifty per-
cent flowering indicated that earliness when
crosses are significant in negative. These find-
ings are in accordance with the findings of Patel
et al. (2012) and Dholu et al. (2014). Heterobelti-
osis for primary branches/plant and secondary
branches/plant varied and positive heterobelti-
osis provide large number of silique/plant. Max-
imum cross combinations showed positive sig-
nificant heterosis over check during 2017-18.
These findings are in accordance with Singh et
al. (2007), Aher et al. (2009) and Patel et al. (2010).
The plant height is an important trait by which
growth and vigour of plants are measured. A
highly significant of heterosis for plant height
was observed in comparison to the superior par-
ent and the check variety as well. The highest
significant heterosis over better parent is exhib-
ited only for one cross. All the 14 crosses showed
positive significant heterosis over the standard
check indicating the presence of both additive
gene effects in these crosses for plant height.
These results are in accordance with Meena et
al. (2014). Highest number of siliquae/plant pro-
moted higher yield/plant. IC-317528 × IC-571655
expressed highest significant heterosis over
standard check suggesting the importance of
non-additive gene action for number of siliq-
uae/plant. The present study is in accordance
with the study reported by Singh et al. (2012).
Out of 15 crosses, twelve cross combinations
showed significant heterosis in positive over
standard check. Longer siliqua would contain
more and bulky seeds which would directly con-
tribute in higher yields. The present results is
similar to the findings by Meena et al. (2014).

The number of seeds/siliqua is a most important
trait for higher yield. All the 15 cross combina-
tions showed positive significant heterosis over
standard check. The results of this study are in
agreement with Mahto and Haider (2004). Out of
15 crosses, only one cross showed significant
negative heterobeltiosis for days to maturity.
Entire cross combinations exhibited significant
positive heterosis over standard check for days
to maturity. The present findings are in accor-
dance with the findings of Singh et al. (2007)
and Dar et al. (2012). Significant negative heter-
obeltiosis was exhibited by four crosses which
indicated early maturity over standard check. In
the present research, the seed yield/plant in-
creased mainly due to increase in average num-
ber of siliquae/plant and number of seeds/siliq-
ua. Only one cross combination showed signif-
icant highly positive heterosis over better par-
ent. Eight F

1
 combinations exhibited significant

and positive heterosis over standard check in
desirable direction. These findings are in accor-
dance with the results reported by Singh et al.
(2007), Patel et al. (2012), Singh et al. (2012) and
Yadava et al. (2012). Harvest index is one of the
important components for seed yield. Signifi-
cant heterosis in positive over better parent is
exhibited by only one cross. Out of 15 crosses,
four F

1
 crosses showed significant heterosis in

positive over the standard check. These find-
ings are in accordance with the results reported
by Dholu et al. (2014). Out of 15 crosses, two
crosses exhibited significant heterosis in nega-
tive over better parent for test weight. Two F

1
combinations exhibited significant heterosis in
positive over standard check.

Combining Ability

Since higher yields in F
1 
combination may be

due to additive (fixable) and/or non-additive
(non-fixable) gene action, the total effect split of
F

1
 progeny into GCA and SCA effects deciphers

the causes of heterosis. In the this study, the
variance of specific combining ability (SCA) ex-
hibited a higher value than the variance of gen-
eral combining ability (GCA) in most of the yield
traits. This observation depicts the preponder-
ance of non-fixable gene action for these obser-
vations. Similar results were reported by Kumar
et al. (2017b) and Patel et al. (2015) in Indian
mustard.
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Therefore in future, attempts must be done
to broaden the genetic base for these three im-
portant characters. Considering other economic
traits, parents IC-317528, IC-571648 and IC-
335852 may be considered as good general com-
biners. However statistically, for seed yield two
parents IC-589669 and IC-335852, showed sig-
nificant GCA effect. The similar findings were
reported by Singh et al. (2005). A perusal of data
on SCA effects led to the inference that for plant
height, number of secondary branches/plant and
harvest index the scenario was similar that ob-
served for GCA effects. One F

1
 cross IC-335852

× IC-571683 had desirable magnitude of expres-
sion for 1000 seeds weight. The similar findings
were reported by Kumar et al. (2017b). However
for seed yield certain crosses such as IC-589670
× IC-571655, IC-589669 × IC-571683 and IC-589670
× IC-571683 showed higher magnitude of signif-
icantly higher SCA effect.  But all crosses were
also supported by highly significant and higher
magnitude of SCA effects for other important
yield characters (such as number of primary
branches/plant, number of secondary branch-
es/plant, number siliquae/plant and harvest in-
dex). Only one cross, that is, IC-589670 × IC-
571655 was associated with highly significant
SCA value of seed yield/plant as well. Similar
findings were reported by Gupta et al. (2010)
and Patel et al. (2016) in Indian mustard. There-
fore, on this ground this cross deserves more
attention. The potentiality of a parent in hybrid-
ization may be assessed by its mean performance
and GCA effects. The results revealed that most
of the genotypes had relatively high degree of
correspondence between mean performance and
GCA effects for the observed characters. This
can be ascribed to the predominant role of addi-
tive and additive × additive gene action for the
inheritance of these traits. Similar findings were
reported earlier by Kumar et al. (2017a). The es-
timates of specific combining ability effects re-
vealed that as many as only one cross combina-
tion exhibited significant and SCA in positive
effects for seed yield/plant. The maximum sig-
nificant positive SCA effect was exhibited by
hybrid IC-589670 × IC-571655 thus they were
good hybrid combinations, contributing towards
higher seed yield/plant. Similar findings were
reported by Prajapati et al. (2009) and Bhusan et
al. (2014). Since among the parents IC-317528
and IC-571648 showed significant GCA effect, it

is not possible to classify the crosses on the
basis of high/low GCA value of the parents.

A F
1
 combination exhibiting high SCA effects

as well as high per se performance involving at
least one parent as good general combiner for a
specific characters, is expected to yield desirable
segregants in the segregating generations. Sig-
nificant SCA effects of those crosses involving
good × good combiners showed the main role of
additive (fixable) type of gene effects. However,
two best general combiners/parents may not nec-
essarily yield desirable segregants. Similarly, from
the superior crosses including both the poor ×
poor general combiners, very small gain is ex-
pected in their segregating generation because
high SCA effects may dissipate with increased
homozygosity. Similar findings were published
by Niranjana et al. (2014). Better performing F

1
hybrids involving average poor general combin-
ers disclose dominance × dominance (epistasis)
type of gene action as Jink (1956). Such crosses
could be involved in the development of high
yielding homozygous cultivar/s by Darrah and
Hallauer (1972).

In the present study, one of the top four cross-
es which exhibited high SCA effects for yield per
plant, the cross, IC-589670 × IC-571655 involved
one good general combiner (IC-317528) indicat-
ing additive × dominance type of gene interac-
tion which is expected to produce desirable trans-
gressive segregants in subsequent generations.
Falk et al. (2014) and Kumar et al. (2017a) have
revealed the involvement of (A x A) additive ×
additive, (A x D) additive × dominance and epista-
sis gene action in expression of yield and other
supported characters in mustard. The crosses,
where poor × poor as well as poor × good general
combiners showed high SCA effects may be at-
tributed due to presence of genetic variation in
the form of heterozygous loci for specific yield
characters. Thus, the ideal F

1
 combinations would

be the one, which have good mean performance,
high heterosis, at least one good general combin-
er parent and high SCA (specific combining abil-
ity) effects. On the basis of combining ability, the
genotype/parent IC-317528 was good general
combiner. Considering mean performance, hetero-
sis and combining ability, none of the hybrid was
found promising for commercial exploitation. This
may be due the presence of genetic variation in
the form of dispersed genes for these characters
by Dar et al. (2012).
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 CONCLUSION

On the basis of mean performance and esti-
mates of heterosis, the cross combination IC-
589669 × IC-571655 was found most promising
for total seed yield/plant, hence could be evalu-
ated further to included in future breeding pro-
gramme for the development of superior geno-
types. GCA effects revealed that IC-317528 hav-
ing significant and positive GCA effects was
found to be the top combiner for most of the
yield contributing traits, while on the basis of
SCA, IC-589669 × IC-571683 was recorded best
specific F

1
 hybrid for most of the yield contrib-

uting traits. It may be concluded that IC-317528
is good general combiner and IC-589669 × IC-
571683 is a best specific combination for higher
yield and included in future breeding scheme to
obtain desirable segregants for the evolution of
superior hybrid/genotypes.
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