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ABSTRACT

Brassica juncea L. is an important oilseed crop which occupies premier position in
Indian agriculture. Developing high yielding genotypes has been a major breeding
objective in Indian mustard. Present study was conducted at Directorate of Rapeseed-
Mustard Research, India, during 2010-2013 to determine General combining ability
(GCA) and Specific combining ability (SCA) of parental lines and better parent heterosis
of 36 crosses of Indian mustard. Parents and F1 hybrids were evaluated in RCBD with 3
replications. Linextester analysis involving nine breeding lines and four testers revealed
the operation of both additive and non-additive gene actions with predominance of non-
additive gene action in controlling yield and contributing traits. Four lines, namely,
DRMR 2243, DRMR 2341, DRMR 2486, DRMR 2613, and one tester, NRCHB 101, were
adjudged the best general combiner possessing highly significant positive GCA effects for
seed yield and yield contributing traits. Significant SCA effects for seed yield, 1000-seed
weight, oil content, and other attributing traits in 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. Hybrids DRMR
2243/NRCHB 101, DRMR 2269/NRCHB 101, DRMR 2326/NRCHB 101, DRMR
2341/NRCDR 2, DRMR 2398/NRCHB 101, DRMR 2486/Ashirwad and DRMR
2613/NRCDR 2 exhibited highest magnitude of better parent heterosis with highly
significant SCA effects and higher per se performance for seed yield. The high yielding
crosses may be exploited for developing superior genotypes and the parents involved may

be converted to well adapted cytoplasmic male sterile or restorer lines.

Keywords: Additive gene actions, High yielding genotypes, Restorer lines, Specific

combining ability.

INTRODUCTION

Oilseed Brassicas, also known as rapeseed-
mustard, have a significant role in Indian
agriculture since almost each part of the plant
is consumed either by human beings or
animals depending upon the crop and its
growth stage. Rapeseed-mustard crops in India
include toria (Brassica campestris L. var.
toria), brown sarson (B. campestris L. brown
sarson), yellow sarson (B. campestris L. var.
yellow sarson), Indian mustard (B. juncea L.
Czernj and cosson), black mustard (B. nigra)
and taramira (Eruca sativa/vesicara Mill.)

species. These species have been grown
traditionally since about 3,500 BC along with
non-traditional species like gobhi saraon (B.
napus L.) and karan rai (B. carinata A. Braun).
Among them, Indian mustard is an important
oilseed crop of the Indian subcontinent and
contributes more than 80% of the total
rapeseed-mustard production of the country. It
is the second important oilseed crop at national
level and contributes nearly 27% of edible oil
pool of the country (Singh et al., 2013).

There is wider yield gaps when productivity
of India is compared with countries like
Germany (4.3 tons ha'), France (3.8 tons ha™)
and UK (3.4 tons ha!) (Yadava et al., 2012).
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There is compelling need to increase and
stabilize the productivity of Indian mustard.
This can be achieved through effective
utilization of germplasm resources and
integration of genomic tools to impart
efficiency and pace of breeding processes
(Banga, 2012).

Exploitation of heterosis may play a very
significant role in boosting up the production
and productivity of Indian mustard. Heterosis
breeding can be one of the most viable options
for breaking the present yield barrier.
Comprehensive analysis of the combining
ability involved in the inheritance of
quantitative traits and in the phenomenon of
heterosis is necessary for evaluation of various
breeding  procedures  (Allard,  1960).
Combining ability analysis is one of the
powerful tools to test the value of parental
lines to produce superior hybrids and valuable
recombinants (Singh et al., 2013). Further, for
developing  better  genotypes  through
hybridization, the choice of suitable parents is
of great concern.

Combining ability studies emphasized the
predominant effect of GCA on yield and most
of the yield components indicating the
importance of additive gene action (McGee
and Brown, 1995; Wos et al., 1999; Gupta et
al., 2006). Pandey et al. (1999) reviewed the
evidences for the presence of significant SCA
effects for seed yield and its components
indicating importance of non-additive gene
action. Availability of effective means of
hybrid seed production led to the development
of few commercial hybrids in India during last
decade (Kumar et al, 2012); however, the
level of yield gain achieved from these hybrids
is marginal.

Yadava et al. (1974) reported heterosis over
better parent up to 239 per cent for seed yield
per plant in Indian mustard. A wide range of
positive heterosis for number of primary
branches and secondary branches per plant,
plant height, and number of seeds per siliqua
was reported by Rawat (1975). Similarly,
significant positive heterosis for seed yield and
component traits in Indian mustard were
reported by many workers (Ram et al., 1976;
Banga and Labana, 1984; Hirve and Tiwari,
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1992; Verma, 2000; Aher et al., 2009; Verma
et al., 2011) using different sets of materials. It
clearly demonstrates the scope of improving
the productivity of Indian mustard through
genetic manipulations.

Keeping these points in view, the present
investigation was undertaken to determine
general combining ability and specific
combining ability of parental lines and better
parent  heterosis of  different  cross
combinations in B. juncea.

MATERIALS AND METHODS

The study was conducted at Directorate of
Rapeseed-Mustard Research, Bharatpur during
2010-11 and 2012-13. The experimental
material consisted of 36 F; hybrids of Indian
mustard (B. juncea) involving 9 advanced
breeding lines and 4 released high yielding
varieties (Table 1) that were utilized as lines
and testers, respectively. The parental
genotypes were crossed in linextester fashion
to generate 36 F; hybrids (crosses) during
2010-2011. The crosses along with their
parents were planted in randomized complete
block design with three replications during
rabi 2012-2013. The treatments were raised in
rows of 3 m length with a distance of 30 cm
between rows and 15 cm between plants,
where each treatment was represented by a
single row.

Standard agronomic practices were followed
to raise the good crop. Recommended doses of
fertilizers viz., 80:40:40:40 kg ha of N:P:K:S,
respectively, were applied and irrigated thrice
including pre-sowing irrigation. Observations
were recorded on randomly selected five
competitive plants for twelve quantitative
traits, viz,, seed yield/plant (g), plant height
(cm), point to first branch (cm), number of
primary branches, main shoot length (cm),
point to first siliqua (cm), number of siliquae
on main shoot, siliqua length (cm), number of
seeds per siliqua, 1,000-seed weight (g), oil
content (%) and days to maturity. The
combining ability analysis was carried out as
per Kempthorne (1957) and better parent
heterosis (heterobeltiosis) was calculated as
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Table 1. Parental genotypes (lines and testers) and their pedigree.

Parental genotype Pedigree

Lines

DRMR 2178 (RH 819/BPKR 13)/(RH 819/MDOC 3)
DRMR 2243 GSL 1/Bio 902

DRMR 2269 (GSL 1/Bio 902)/(PYSR 2/Brassica nigra)
DRMR 2326 (RH 819/BPKR 13)/(PYSR 2/PBR 181)
DRMR 2341 (RH 819/BPKR 13)/(NBPGR 272/RK 9903)
DRMR 2398 (PYSR 2/Brassica nigra)/(Kranti/GSL 1)
DRMR 2448 (RH 819/Kranti)/(GSL 1/PYSR 2)

DRMR 2486 GSL 1/Bio 902

DRMR 2613 (IC 199733/Sinapis alba)/(BEC 107/NRCG 411)
Testers

NRCDR 2 MDOC 43/NBPGR 36

NRCHB101 BL 4/Pusa bold

Rohini Selection from natural population of Varuna
Ashirwab Krishna/Vardan

deviation of F; value from the better parent
through a computer generated program
WINDOW  STAT version 8.6 from
INDOSTAT Services, Hyderabad, India.

Analyses Of Variance (ANOVA) for the
crosses for each trait were done assuming the
following model for LXT analysis (Dabholkar,
1999; Singh and Chaudhary, 2004):

Yijk= p+gi+gj+sij+eijk Q8

Where, Yijk is the mean value of a
character measured on cross i x j in the kth
replication, p is the population mean effect,
gi is the GCA effect of the ith line, gj is the
GCA effect of the jth tester, sij is the SCA
effect of the cross between the ith line and
the jth tester, rk is the replication effect and
eijk is the environmental error associated
with each observation.

The GCA effects for the lines and testers
and SCA ixjth cross were calculated using
the procedures by Dabholkar (1999) and

Singh and Chaudhary (2004) as follows:
yi.. V.

GCA effects (lines)gi = Tl 2

GCA effects (testers) gj = % - lyt_r 3)
SCA effects g=&—y—i"— Yy P
r tr lr ltr

“)

Where, [= Number of lines, /= Number of
testers and r= Number of replications.

The standard error for combining ability
effects were estimated by Equations (5-7)
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and were tested for their significance using a

r-test:
1

S.E.(gca for line) = (1\:—55)E 5)

S.E.(gca for tester) = (Ai—sle)z (6)

S.E.(scaeffects) = (@)E tg = %
(7

Where, SE and MSe are the standard error
and error mean square in the analysis of
variance.

Better Parent heterosis (BP) was
calculated (Falconer and Mackay, 1996) as
Equation (9) by deviation of F; value from
the better parent and the level of heterosis
was tested using the student’s "¢" test:

'F, —BP 'F, —BP
BP=—Xx100t= ——
BP Jvar( F; — BP)
L L (8)
Where, F; and BP are the mean of F;
progenies and better parent in all
replications.
RESULTS AND DISCUSSION

The analysis of variance (Table 2) for
combining ability revealed that the mean
squares due to lines, testers, and linextesters
were highly significant for all the traits,
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except for the number of primary branches
in testers and plant height, number of siliqua
on main shoot, and number of primary
branches in linextesters. This shows that
considerable amount of genetic variability
was present in the experimental material and
both GCA and SCA were involved in the
genetic expression of studied traits. The
variation due to parents vs. crosses was
highly significant for seed yield/plant (g),
plant height (cm), point to first branch (cm),
number of primary branches, main shoot
length (cm), point to first siliqua (cm),
siliqua length (cm), number of seeds per
siliqua, oil content (%) and days to maturity,
suggesting the presence of heterosis for
these traits in the series of crosses. Similarly,
highly significant variance due to crosses
revealed that the sufficient amount of
genetic variability was generated in the
hybrids. Estimates of GCA and SCA
variances were significant for most of the
traits suggesting the operation of both
additive and non-additive components of
gene action in the materials study (Table 3).
However, the relative estimation of variance
due to general combining ability indicated
that the specific combining ability variances
were predominant for all traits. The ratio of
variance due to general and specific
combining ability ranged from 0.199 for
seed yield / plant to 0.713 for percent oil
content, which was less than unity for all the
traits indicating the predominance of non-
additive gene action for these traits. In such
cases, a breeding strategy which would
enable to utilize maximum proportion of
fixable genetic variation (additive and
additivexadditive epistasis) as well as non-
additive genetic components (dominance,
additivexdominance and
dominancexdominance) would be effective.
In order to make an effective breeding
program, biparental mating among randomly
selected plants in F. and the 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,
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biparental mating, recurrent selection and
selective diallel mating might be effective to
exploit additive x additive type of epistasis.
Furthermore, the combining  ability
variances for lines, testers and line X tester
are significant for almost all the traits
indicating the sufficient variation for
combining ability in parents as well as in
hybrids.

The estimates of GCA effects (Table 4)
revealed that the parents DRMR 2243,
DRMR 2341, DRMR 2486, and DRMR
2613 among the lines, and NRCHB 101
among the testers possessed highly
significant positive GCA effects for seed
yield/plant, indicating the presence of
additive gene action or additivexadditive
interaction effects. Spragme (1966) reported
that when general combining ability effects
are significant, additive or additivexadditive
gene effects are responsible for the
inheritance of that particular trait. Similarly,
parents DRMR 2243, DRMR 2326, DRMR
2341, NRCDR 2, and Ashirwad exhibited
significant desirable GCA effects for 1,000-
seed weight; DRMR 2243, DRMR 2398,
DRMR 2486, DRMR 2613, NRCDR 2 and
Rohini for oil content; DRMR 2269, DRMR
2448 and NRCDR 2 for days to maturity;
DRMR 2398 and Ashirwad for plant height;
DRMR 2243, DRMR 2341, DRMR 2486,
DRMR 2613, NRCHB 101 and Ashirwad
for point to first branch; DRMR 2178,
DRMR 2243, DRMR 2341, DRMR 2448,
DRMR 2613, Rohini and Ashirwad for main
shoot length; DRMR 2178, DRMR 2486,
DRMR 2613, NRCDR 2 and Rohini for
point to first siliqua; DRMR 2178, DRMR
2341, DRMR 2398, DRMR 2613 and
Ashirwad for number of siliqua on main
shoot; DRMR 2243, DRMR 2398, DRMR
2448, NRCDR 2 and NRCHB 101 for
siliqua length. Similarly, for number of
seeds per siliqua significant and positive
GCA effects were possessed by DRMR
2178, DRMR 2326, DRMR 2341, DRMR
2448 and NRCHB 101. Among the lines,
DRMR 2486 had highest GCA effects and
also complemented for point to first branch,
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point to first siliqua, and oil content
followed by DRMR 2341 desirably
complemented for point to first branch, main
shoot length, number of siliqua on main
shoot, number of seeds per siliqua and seed
size. Similarly, among the testers, only
NRCHB 101 had significant positive GCA
effects for seed yield and complemented for
other attributing traits like point to first
branch, siliqua length, number of
seeds/siliqua and earliness. These parents
can be used in further breeding programs in
Indian mustard. Verma (2000), Singh et al.
(2005), Yadava et al. (2012) and Singh et al.
(2013) reported similar results in Indian
mustard with a different set of material.
These results clearly indicated that there was
a scope for improving combining ability of
parents for attributing traits, as good
combiners for seed yield traits were not
good for various other 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.
Parents, vizz. DRMR 2243, DRMR 2341,
DRMR 2486, DRMR 2613, and NRCHB
101 adjudged the best general combiner
possessing high GCA for seed yield and
yield contributing traits like reduced point to
first branch, reduced point to first siliqua,
higher main shoot length, higher siliqua
length, more number of siliqua on main
shoot, more number of seeds / siliqua,
improved 1,000 seed weight, higher oil
content and earliness shall be included in the
breeding program for accumulation of
favorable alleles in a single genetic
background.

The estimates of SCA are presented in
Table 5. For plant height, four crosses viz.
DRMR 2243/Ashirwad, DRMR
2326/Rohini, DRMR 2341/NRCDR 2, and
DRMR 2398/NRCDR 2 recorded highly
significant, but negative SCA effects.
Similar effects were observed for point to
first branch, point to first siliqua, and days to
maturity in seven crosses each. This
indicates that the reduction in plant height,
point to first branch, point to first siliqua,
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and days to maturity may be due to negative
heterosis in these crosses for these traits,
which is desirable. The results are in
accordance with Yadava et al. (2012).
Highly significant and positive SCA effects
were observed for seed yield in 12 hybrids,
1,000-seed weight in 14 hybrids, oil content
in 12 hybrids, main shoot length in 12
hybrids, number of siliqua on main shoot in
11 hybrids, number of seeds/siliqua in 11
hybrids, siliqua length in 5 hybrids, and
number of primary branches in 1 hybrid.
The outcomes clearly indicate that the
parents involved in these crosses were good
specific combiners; however, the relative
contribution of the parents to specific
combining ability effect for seed yield was
through various yield attributing traits in
different hybrids. Again, the results indicate
that there is no direct relationship between
SCA effects and heterobeltiosis/better parent
heterosis.

The estimates of better parent heterosis for
seed yield are presented in Table 6. Out of
36 hybrids, 13 hybrids exhibited highly
significant and positive better parent
heterosis and from them 11 hybrids showed
> 15% better parent heterosis and seven

hybrids viz. DRMR 2243/NRCHB 101
(67.62%), DRMR 2269/NRCHB 101
(46.32%), DRMR 2326/NRCHB 101
(23.20%), DRMR  2341/NRCDR 2
(35.37%), DRMR 2398/NRCHB 101
(23.31%), DRMR 2486/Ashirwad

(129.22%) and DRMR 2613/NRCDR 2
(31.85%) possessed >15% better parent
heterosis, highly significant SCA effects and
higher per se performance. Yadava et al.
(2012) reported 54.38% heterobeltiosis in
hybrid Pusa Mustard 25/RGN 145 and
Vaghela et al. (2011) reported 44.8%
heterobeltiosis in the hybrid RSK
28/RH(OE)0103 with highly significant SCA
effects and higher per se performance.
Similarly, Hirve and 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% in YS 51/YS 9, and Yadava et al.
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Table 6. Mean performance and estimates of better parent heterosis for seed yield in Brassica juncea

genotypes.“

Lines Testers Mean seed yield
NRCDR2 NRCHB 101 Rohini Ashirwad of lines (g)

DRMR 2178 22.88 22.80 2451 25.50 28.520
(-19.79%%) (-20.04*%*) (-14.06%*)  (-10.59*%*)

DRMR 2243 19.43 42.79 24.57 18.39 17.727
(-31.28%%) (67.62%%) (5.10) (1.49)

DRMR 2269 20.14 37.35 23.36 22.40 19.447
(-28.78%%) (46.32%%) (-0.06) (15.17%%)

DRMR 2326 23.22 31.45 21.70 17.45 18.260
(-17.89%%) (23.20%%) (-7.19%) (-4.45)

DRMR 2341 38.28 26.64 26.60 19.33 27.363
(35.37*%) (-2.66) (-2.78) (-29.35%%)

DRMR 2398 19.55 31.48 24.44 16.54 19.540
(-30.86*%*) (23.31*%) (4.56) (-15.37%%)

DRMR 2448 19.42 16.16 23.96 20.72 16.787
(-31.34%%) (-36.68%**) (2.51) (14.39%%)

DRMR 2486 22.36 29.41 30.35 41.53 17.480
(-20.92%%) (15.23%%) (29.84%*)  (129.22%%)

DRMR 2613 37.29 29.34 20.45 22.36 18.180
(31.85%%) (14.95%%) (-12.52%%)  (22.99%%)

Mean seed yield 28.280 25.527 23.377 18.117

of testers (g)

“ Values in parentheses represent heterobeltiosis (better parent heterosis)
*%* *: Heterobeltiosis with SCA effects significant at P= 0.01 and P= 0.05, respectively.

(1974) reported 204% better parent
heterosis in hybrid F 48/ IB 494. Heterosis
for seed yield to the extent of 24.36 to
80.97% was also reported by Verma et al.
(2011) in 15 crosses and moderate level of
heterosis for seed yield/plant, number of
siliquae/plant, and number of secondary
branches/plant was reported by Aher et al.
(2009).

The high yielding cross combinations
can further be exploited for their
commercial utilization and the parents
involved in developing heterotic hybrids in
the present study shall be converted to
well adapted cytoplasmic male sterile or
restorer lines.
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