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Abstract

Line x tester analysiswas carried out to estimate combining ability and heterosis of 18 hybrids devel oped by
crossing 9 lineswith 2 testers of Indian mustard. The F, hybrids along with parental genotypes planted at the
experimental farm of ICAR-Directorate of Rapeseed-Mustard Research, Bharatpur, India during 2015-16
were eva uated for twelve characters, including daysto flowering, daysto maturity, plant height (cm), number
of primary & secondary branches/ plant, main shoot length (cm), number of siliquae on main shoot, siliqua
length (cm), number of seeds per siliqua, 1000-seed weight (g), oil content (%) and seed yield (kg/ha).
Analysisof variance reveal ed sufficient genetic variability among parents, hybridsand parent vs. hybridsfor
most of thetraits. The operation of both additive and non-additive gene actions with predominance of non-
additive gene action was observed in controlling seed yield and contributing traits. Estimates of GCA effects
indicated that RH 749, RH 406, Rohini, NRCHB 101 and NPJ 112 were good general combiner. Significant
SCA effectsfor seed yield, 1000-seed weight, number of seeds/ siliquaand other attributing traitsin desirable
direction were recorded in a series of hybrids and a close association between SCA effects and heterosis
was observed amongst the best hybrids identified on the basis of SCA effects. The three hybrids; NRCHB
101/ NPJ 112, RH-749/ NPJ 112 and RH-406/ RRN-727 exhibited high magnitude of better parent, standard
parent and mid parent heterosis with highly significant SCA effects and higher per se performance for seed
yield and important traits. The high yielding cross combinations can be further exploited for improving the
seed yield by development superior genotypes and the parentsinvolved in producing heterotic hybrids shall be
converted to well adapted cytoplasmic male sterile or restorer lines.
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I ntroduction gaps when productivity of India is compared with
countries like Germany (4.3 tonnesha), France (3.8
tonnesha) and UK (3.4 tonnesha) (Yadava et al.,
2012). The enhancement in production and
productivity of the crop assumessignificance, not only
for farmer’sviewpoint but also for dl closely linked
enterprises. Thus, thereiscompelling needtoincrease
and gabilizethe productivity of Indian mustard to meet
the growing demandsfor edibleail.

Brassica juncea is an important oilseed crop plays
a crucia role in edible oil economy of India and
occupiespremier positionin Indian agriculture. Itis
major rabi oilseed crop of the Indian subcontinent
occupies more than 80% of the total rapeseed-
mustard cultivated area. Contributes nearly 27% of
edible oil pool in Indiaand accounts for more than
13% of the global edible oil production (Meena et

al., 2014; Pratap et al., 2014). The average  comprehensive analysis of the combining ability
productivity of Indian mustard in India during last involved in theinheritance of quantitative characters
one and half decade, oscillating between 1.0to 1.2 and in the phenomenon of heterosis is necessary
tonnes/ha, which is much below the world average for the evaluation of various possible breeding

of 1.98 tonnes’ha. Moreover, there is wider yield procedures (Allard, 1960).The knowledge of



combining ability is useful to get information on
selection of parents and nature of gene actions
involved. Combining ability analysisis one of the
powerful tools to test the value of parental linesto
produce superior hybrids and for recombinants
(Singh et al., 2013). Exploitation of heterosis may
play avery significant roleto boost up the production
and productivity of Indian mustard. Heterosis
breeding can be one of the most viable options for
breaking the present yield barrier. Further, for
devel oping better genotypesthrough hybridization,
the choice of suitable parents is of great concern.
In rapeseed breeding program for hybrid and open
pollinated varieties, general and specific combining
ability effects (GCA and SCA) are important
indicators of the potentia of inbred lines in hybrid
combinations. Thevariousmating designshave been
used for ng the breeding value of the parents
through the estimation of variance and combining
ability effects. Indian mustard being aself pollinated
crop, the technique of line x tester of Kempthorne
(1957) for combing ability analysis is one of the
efficient methods of evaluating large number of
inbredsaswell asprovidinginformation ontherelative
importance of GCA and SCA effectsfor interpreting
the genetic basis of important plant traits (Singh and
Chaudhury, 1977). Keeping these pointsin view, the
present investigation was undertaken to determine
type of gene action, general combining ability and
specificcombining ability of parentd linesand heterosis
of different cross combinations in B. juncea.

Materialsand Methods

The study was conducted at ICAR-Directorate of
Rapeseed-Mustard Research, Bharatpur during
2014-15 and 2015-16. The experimental material
consisted of 18 F;s of Indian mustard (Brassica
juncea) involving 9 linesnamely RH-749 (RH-781/
RH-9617), RH-406 (RH-6908/RH-8812), Rohini
(Pure line selection from Varuna), NRCDR-2
(MDOC-43/NBPGR-36), NRCHB 101(BL-4/Pusa
Bold), SEJ-2 (Synthetic amphiloid from B.
campestrig/B.nigra), DRMRIJ31 (HB-9908/HB-
9916), DRMR 2019 (EC-399288/BEC-107), DRMR
2035 (PHR-1/BEC-107) and two testersviz., NPJ
112 (SEJ-8/Pusa Jagannath ), RRN 727 (RW-01-
02/Patan 67) were crossed in line x tester design
during 2014-15. The aim of the present study was
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to evaluate GCA and SCA of highyielding varieties
and breeding lines with early maturing and dwarf
donors. Therefore, in present study the two testers
were selected on the basis of their maturity period
and growth habit.

The crosses along with their parents were planted
in randomized complete block design with three
replications during Rabi 2015-16. The treatments
wereraised in rows of 5m length with adistance of
30cm between rows and 15cm between plants,
where each treatment was represented by two rows.
Standard agronomic practiceswerefollowedtoraise
the good crop. Recommended doses of fertilizers
viz,, 80:40:40:40 kg/haof N:P.K:S, respectively, were
applied and irrigated thrice including pre-sowing
irrigation. Observations were recorded on twelve
quantitative traits, viz., days to flowering, days to
maturity, plant height (cm), number of primary
branches / plant, number of secondary branches /
plant, main shoot length (cm), number of siliquae on
main shoot, siliqualength (cm), number of seeds per
siliqua, 1,000-seed weight (g), oil content (%) and
seed yield / hectare (kg). Observations on days to
flowering and maturity were recorded on per plot
basis, seed yield was converted & expressed in kg
per hectare and the observations on remaining traits
wererecorded on randomly selected ten competitive
plantsin each replication.

The combining ability analysis was carried out as
per the method of Kempthorne (1957). Standard
heterosis (economic heterosis), better parent
heterosis (heterobeltiosis) and mid-parent heterosis
was calculated as deviation of F, value from the
values for selected standard parent (commercial
variety), better parent and mid-parent, respectively.
Thevariety RH 749 was sel ected as standard parent
for estimating standard heterosis. The calculations
were performed through com-puter generated
programme WINDOW STAT version 8.6 from
INDOSTAT Services, Hyderabad, India.

Resultsand Discussion

The analysis of variance (Table 1) for combining
ability revealed that the mean squares due to lines,
testersand line x testerswere highly significant for
al the traits except for days to flowering, days to
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maturity, number of secondary branches, number
of siliqua.on main shoot, number of seeds/ siliqua&
oil content (%) in testers and number of primary
branches, number of secondary branches and
number of seeds / siliquain line vs. testers. This
showsthat sufficient genetic variability was present
inthe experimental materia and both GCA and SCA
were involved in the genetic expression of traits
studied. The variation due to parents vs. crosses
was significant for seed yield/ hectare (kg), daysto
flowering, daysto maturity, plant height (cm), siliqua
length (cm), number of seeds per siliqua, 1000-seed
weight (g) and oil content (%), suggesting the
presence of heterosisfor thesetraitsin the series of
crosses. Similarly, highly significant variance dueto
crossesreveal ed that the sufficient amount of genetic
variability was generated in the hybrids. The
estimates of GCA and SCA variances for most of
the traits indicating the operation of both additive
and non-additive components of gene action in the
materials under study (Table 2). Predominant role
of non-additive gene effects in manifestation of
heterosisfor daysto maturity, number of siliquaon
main shoot, seeds/siliqua and oil content (%) was
demonstrated by higher value of specific combining
ability variance (6 SCA) than general combining
ability variance (6> GCA). The ratio of GCA/SCA
variances was less than unity for days to maturity,
number of siliqua on main shoot, number of seeds/
siliqua again indicating the predominance of non-
additive gene action for these traits while it was
higher than unity for traits like days to flowering,
plant height (cm), number of primary branches, main
shoot length siliqualength (cm), 1000-seed weight,
oil content (%) and seed yield/hectare (kg) indicating
the preponderance of additive gene effectsfor these
traits. Further, both additive and non-additivetypes
of gene actionswere important for rest of thetraits.
Since both additive and non-additive gene actions
arecontrolling theyield contributing traits, therefore,
hybridization methods such as multiple or reciprocal
recurrent selection would be helpful in genetic
improvement of these traits. Similar results were
earlier reported by many workers (Priti et al., 2011,
Meenaet al., 2015) in Indian mustard. In such cases
a breeding strategy which would enable to utilize
maximum proportion of fixable genetic variation
(additive and additive x additive epistasis) as well
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as non-additive genetic components (dominance,
additive x dominance and dominance x dominance)
would be effective. In order to make an effective
breeding programme, biparental mating among
randomly selected plants in F, and subsequent
generation would help in pooling the desired genes
together to develop pure lines. Further crossing of
these lines would help in exploiting non-additive
genetic components of variation to develop hybrids.
Moreover, biparental mating, recurrent selection and
selective dialel mating might be effectiveto exploit
additive x additive type of epistasis. Furthermore,
the combining ability variancesfor lines, testersand
line x tester are significant for amost all the traits
indicating thesufficient variation for combining ability
in parentsaswell asin hybrids.

The estimates of GCA effects (Table 3) revealed
that the parents RH-749, RH-406, Rohini, NRCHB-
101 and NPJ-112 possessed highly significant
positive GCA effects for seed yield / hectare
indicating the presence of additive gene action or
additive x additive interaction effects. Spragme
(1966) reported that when general combining ability
effectsare significant additive or additive x additive
gene effects are responsible for the inheritance of
that particular trait. Parent RH 406 and tester NPJ
112 exhibited significant desirable GCA effectsfor
1000-seed weight; SEJ 2 for days to maturity;
NRCHB-101, DRMR 1J-31, DRMR-2019 and
RRN 727 for plant height; NRCHB-101, SEJ 2,
DRMR-2019, DRMRIJ-31 and RRN-727 for days
to flowering; NPJ 112 for main shoot length; RH
406 and NPJ-112 for number of primary branches;
RH 406, DRMR 1J-31and NPJ-112 for siliqua
length; SEJ2 & NRCDR-2 for number of siliqua
on main shoot and NRCDR 2 for number of
secondary branches. Similarly for number of seeds
per siliquasignificant and positive GCA effectswere
possessed by DRMR-2019 and NPJ-112. Among
linesNRCHB-101 had highest GCA effectsand also
complemented for daysto flowering and plant height
followed by RH 406 desirably complemented for
number of primary branches, siliqua length and
1000-seed weight (g). Similarly among tester NPJ-
112 had significant positive GCA effects for seed
yield and complemented for other attributing traits
like number of primary branches, main shoot length,
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Table 5: Mean performance and estimates of standard heterosis (SP) for seed yield in Brassica juncea

genotypes
Lines Tester

NPJ 112 RRN-727 Mean seed yield of lines (g)
RH-749 2716.87 (15.10**) 1497.94 (-36.54**) 2360.49
RH-406 2534.16 (7.36*) 2609.06(10.53**) 2026.34
Rohini 2588.48(9.66**) 1809.05(-23.36**) 1970.37
NRCDR-2 2455.14(4.01) 1707.00(-27.68**) 2434.57
NRCHB-101 3293.01(39.51**) 1896.30(-19.67**) 2886.09
SEJ-2 2197.53(-6.90*) 1023.87(-56.62**) 1687.24
DRMR 1331 1997.53(-15.38**) 1506.17(-36.19**) 2212.35
DRMR- 2019 2215.64(-6.14*) 1069.14(-54.71**) 2159.67
DRMR- 2035 1818.11(-22.98**) 1013.99(-57.04**) 2724.28
Mean seed yield 2354.73 829.63
of testers (Q)

Values in parentheses represent standard heterosis

** % SPwith SCA effects significant at P=0.01 and P=0.05, respectively.

siligualength, number of seeds per siliquaand 1000-
seed weight (g). These parents can be used in
further breeding programmes in Indian mustard.
Verma (2000), Singh et al. (2005), Yadava et al.
(2012), Singh et al. (2013) and Meenaet al. (2015)
reported similar results in Indian mustard with a
different set of material. These results clearly
indicated that there is a scope for improving
combining ability of parentsfor attributing traits, as
good combinersfor seed yield traits were not good
for variousother yield-contributing traits, therefore,
one should breed to improve the combining ability
of yield-contributing traits which would ultimately
improve the GCA of seed yield directly. RH-749,
RH-406, Rohini, NRCHB-101 and NPJ-112
possessing high GCA for seed yield and yield
contributing traitslike reduced plant height, higher
sliqualength, higher main shoot length, more number
of seeds/ siliqua, improved 1000 seed weight, and
early flowering shall be included in the breeding
programmefor accumulation of favorableallelesin
asingle genetic background.

The estimates of SCA effect are presented in the
Table 4. None of the cross combination was found
to be a common combiner for al the characters
under study. For plant height two crosses viz. RH-
749/ RRN-727, RH-406/ NPJ-112 recorded highly
significant but negative SCA effects. Similar effects

were observed in six crosses for days to flowering
and two cross for days to maturity. This indicates
that the reduction in plant height, daysto flowering
and daysto maturity may be dueto negative heterosis
in these crosses for these traits, which was
considered as desirable. The results are in
accordance with Yadava et al. (2012). Highly
significant and positive SCA effectswere observed
for seed yield in 6 hybrids, 1000-seed weight in 8
hybrids, siliqualengthin 4 hybrids, number of seeds
/ siliquain 2 hybridsand number of siliquaon main
shoot in 1 hybrid. However, none of the hybrid
revealed significant positive SCA effect for oil
content, main shoot length, number of primary
branches and number of secondary branches. The
outcomesclearly indicated that the parentsinvolved
in these crosses are good specific combiners;
however, the relative contribution of the parentsto
specific combining ability effect for seed yield is
through various yield attributing traits in different
hybrids. Again, theresultsindicated that thereisno
direct relationship between SCA effects and
heterobeltiosis or standard heterosis.

The estimates of standard heterosis for seed yield
are presented in Table 5. The commercial variety
RH-749 was utilized as sel ected standard parent for
estimating standard heterosis (SP). Out of 18
hybrids, 4 hybrids exhibited highly significant and



Siliqualength, 1000- seed weight

Siliqualength, 1000- seed weight
Siliqualength,Number of seeds

Other characterswith
significant SCA effect

426.89**
-426.89**
426.89**

Magnitude of GCA

597.49**

110.24**
574.44**

SCA

effect
182.58**

464.34**

271.47**

(SP)
15.10**
10,53+
39.51**

Selected

(heterobeltiosis)  standard parent

Heterosis
Betterparent
(BP)
15.10**
28.76**
14.10**

Mid

parent
(MP)
15.24%*
82.71**
25.67*
0.01 levels, respectively.

Per se
performance
2716.87
2609.06
0.05and P

significant at P

Table 6: Top ranking crosses for seed yield per hectare in Indian mustard (Brassica juncea L.)

Cross

Combination

RH-749xNPJ}112
RH-406xRRN-727
NRCHB-101xNP}112 329301
/ siliqua, 1000- seed weight

* %%
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positive selected parent heterosis (standard
heterosis) and of them 3 hybridsNRCHB-101/ NPJ
112, RH-749/ NPJ-112, and RH-406/ RRN-727
showed >10% standard heterosisfor seed yield (kg/
ha). These three crosses also exhibited highly
significant positive heterosis over mid parent (MP)
and better parent (BP) for seed yield with morethan
10 percent. Yadava et al. (2012) reported 54.38%
heterobeltiosisin hybrid Pusamustard-25/ RGN-145
and Vaghela et al. (2011) reported 44.8%
heterobeltiosis in the hybrid RSK 28/RH(0E)0103
with highly significant SCA effects and higher per
seperformance. Similarly, Hirveand Tiwari (1992)
reported 161% better parent heterosis in hybrid
RAU RP-4/ PR-18, Dhillon et al. (1990) reported
113.6% in RLM-198 / RK-2, Duhoom and Basu
(1981) reported 102.7%1in Y S-51/ Y S-9 and Yadava
et al. (1974) reported 204% better parent heterosis
in hybrid F-48/ 1B-494. Heterosis for seed yield to
the extent of 24.36 to 80.97% was also reported by
Vermaet al. (2011) in 15 crossesand moderate level
of heterosisfor seed yied/plant, number of siliquae/
plant and number of secondary branches/plant was
reported by Aher et al. (2009). Similarly, Meena et
al. (2014) reported >15% standard heterosisin seven
crosses of Indian mustard.

The information on gca effects of the parents shall
be considered aong with highly significant scaeffect
and higher per se performance of hybrids for
predicting the value of any hybrid. Thetop ranking
crosses on the basis of various parameters are
summarizedin Table 6. Thethree hybrids NRCHB-
101/ NPJ-112, RH-749/ NPJ-112 and RH-406/
RRN-727 showed higher per se performance, high
heterosis over mid parent, better parent as well as
selected standard parent with desirable sca effects
for seed yield per hectare. The high yielding cross
combinations can further be exploited for selection
of high yielding pure lines or transgressive
segregants with desirable traits during further
generations and the parentsinvolved in developing
heterotic hybrids in the present study shall be
converted to well adapted cytoplasmic male sterile
or restorer linesfor devel opment of highly heterotic
commercial hybrids.
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