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Abstract

Combining ability analysisonal X T of F and F, generationsin Indian mustard reveal ed that general combining ability
effects of the parents had a positive association with their per se performance. The parents EC401574, Pusa Bold and
RajendraSufalam for seed yield and number of siliquaon main raceme, RAURD 153, RAURD 34 and RAURD 32for days
to flowering and main shoot length, EC 399788 number of siliquaper plant and number of secondary branchesper plant,
were good general combiners. In most of the crosses, the specific combining ability estimatesfor most of thetraitswere
higher inthe F, thanin the F,. EC 401574/Rajendra Sufalam for number of siliqua per plant followed by seed yield per
plant and number of secondary braches per plant were identified as potential cross combinations on the basis of better
parent heterosisand specific combining ability. It wasevident from the two analysesthat additive and non-additive gene
effectsareimportant for theinheritance of different characters studied. However, the rel ative magnitude of non-additive
was higher than additive component for all the charactersin both the populations. The hybrid RAURD 153 x PusaBold
for number of primary branches per plant, EC 399788 x PusaBold for secondary branchesper plant, EC 401574/ Rgjendra
Sufalamfor seed yield per plant, number of siliquaper plant and siliquaon main raceme, RAURD 214/ Rgjendra Sufalam
for siliqua length and RAURD 32/Vardan for seeds per siliqgua manifested high sca as well as heterotic effects. Such
crosses are expected to throw better segregants for yield and its components in the subsequent generations which can
be exploited effectively for mustard improvement.
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I ntroduction The increase in productivity through breeding efforts

has not been adequate because of traditiona selection

Indianmustard [Brassicajuncea (L.) Czern & Coss.] isan
important oilseed crop of India, occupiesapremier position
inIndian agriculture. In India, the average productivity of
thiscrop oscillating near to 1.2 tonnefor along timewhich
is much below the world average of about 1.9 tonnes/ha.
Therefore, it ishighly needed to increase the productivity
of Indian mustard in the country to meet the growing
demands for edible oil. Comprehensive analysis of the
combining ability involved in theinheritance of quantitative
charactersand in the phenomenon of heterosisisnecessary
for theevaluation of various possible breeding procedures
(Allard, 1960). Improvement of superior varietiescould be
done by reshuffling the genes through hybridization from
proper parents. Moreover, it is also necessary to know
about the nature and magnitude of gene action responsible
for controlling the inheritance of various yield attributes
along with combining ability of the parentsand their cross
combinationsin order to make use of them in further crop
improvement program.

method following hybridization. Heterosi sbreeding could
beapotential aternativefor achieving quantum jumpsin
production and productivity. Since, commercial
exploitation of heterosisin several crop plants has caused
amajor breakthrough in yield levels. The magnitude of
heterosisparticularly for yield is of paramount importance
and if the heterosis is practically and economically
feasibleit can help toreach high yield level sand thereby
higher output of yield and oil in mustard. The earliness
and higher seed yield with higher yield per cent are the
major componentstoincrease the cash value of thiscrop,
so there is an urgent need to develop hybrid varieties
which arehighyielding, early maturing and well adapted
tolocal semidry agro-climatic conditions. Thestudieson
heterosis, combining ability and nature of gene action
areuseful informulating effective breeding strategiesand
choice of suitable parentsfor crossesin different breeding
programmes. The present investigation has been
undertaken to study selection of parents and crosses in
aLxT crossof Indian mustard.
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Materialsand Methods

The experimental material comprising the selected parents
(10linesand 4 testers) areinvolved in hybridization and
generate the 40 F s materials during Rabi 2011-12. The
generated 40 Fs, F,sand 14 parents along with one check
of Indian mustard were grown in Randomized Block
Design with three replications during Rabi 2012-13 and
2013-14 respectively, at research farm of Tirhut College
of Agriculture, Dhali, Muzaffarpur (RgjendraAgricultural
University-Pusa) Bihar, India. Entriesweresowninaplot
consisting of three rows (F,s and parents) and five rows
(F,9) of 5mlengthinthreereplicationswithinter andintra
row spacing of 30cm x 10cm. recommended package of
practices for Indian mustard ware followed to raise a
healthy crop. Data were recorded on five randomly
selected competitive plants in F;s and twenty plantsin
F,s of each genotype in all the replications for thirteen
charactersviz., daysto 50% flowering, daysto maturity,
main shoot length (cm), primary branches per plant,
secondary branches per plant, number of siliquaper plant,
siliqualength (cm), number of seeds per siliqua, number
of siliquaon main raceme, siliqua density (siliqua/cm?),
biological yield per plant (g), harvest index (%) and seed
yield per plant (g) and their mean values were subjected
to various statistical and biometrical analyses. Combining
ability analysis was done using line x tester method
(Kempthorne, 1957). Heterosiswas estimated from mean
values according to Fehr (1987) and Significancetest for
GCA and SCA effectswere performed using t-test, Better
parent heterosis (Hb) or heterobeltiosis (Fonesca and
Patterson, 1968) and standard heterosis (Hc) were
determined as outlined by (Meredith and Bridges, 1972).

Results and Discussion

The gca effects for different characters under study in
both F, and F, analyses are presented in Table 1. The
perusal of positive and significant gca effects indicated
that parents EC 399788 for number of secondary branches
per plant and biological yield per plant; Pusabold and EC
401574 for number of siliquaper plant, number of siliqua
onmain raceme and seed yield per plant; RAURD 214 for
siliqua length, siliqua density and biological yield per
plant, Vardanfor siliqualength and RAURD 78 for number
of siliquaper plant aswell as posses negative significant
gcaeffect for daysto 50% flowering and daysto maturity;
whereas negative and significant gca effects exhibited
RH-30, RAURD 32, RAURD 34 and RAURD 153for days
to 50% flowering and main shoot length, whereasRAURD
78 and JD-6 exhibited only days to 50% flowering and
days to maturity, respectively in both F, and F,
generations. The parents such as EC 401574 and Pusa
Bold were found to be good combiner for seed yield/

plant and may yield transgressive segregants in F,
generation. These parents also showed high per se
performance. The study of gca effects of parents
suggested that there was a positive association between
the per se performance of the parents and the estimates
of their gcaeffectsfor daysto 50% flowering, main shoot
length, secondary branches per plant, number of siliqua
per plant, number of siliqua on main raceme and seed
yield per plant. The present study resulted similar finding
asreported by Kumar et al. (2014). High gca effects are
mostly due to additive or additive x additive interaction
effects. In view of this, breeders may utilize the good
general combiners in specific breeding programme for
improvement of seed yield in mustard. It appearsthat the
gcarank for grainyield isrelated to the gcafor the useful
yield components. It is therefore recommended that the
breeder should breed for superior combining ability for
the component traitswith an ultimate objectivetoimprove
the overall gcafor seed yield in mustard crop. In order to
synthesize a dynamic population with most of the
favorable genes are accumulated, it will be pertinent to
make use of these parents, which are good general
combiner for severa characters, in multiple crossing
programme. Similar observationswere made by Singhand
Sachan (2003) and Singh et al. (2004).

The heterosis cannot be exploited directly; hybrid vigour
is used to identify superior hybrids, as they offer more
probability of developing better segregants. Therefore,
knowledge on the magnitude and direction of heterosis
isimportant to exploit the phenomenon of hybrid vigor.
Thetop three crosses selected on the basis of scaeffects
in F, and F, analyses and their heterotic effects over the
better parent (BPH) and standard check variety (SH) are
presented character wisein Table 2. Most of these cross
combinations were uniformly superior both from scaas
well as heterosis point of view. Among the hybrids,
RAURD 214/PusaBold, RAURD 78/ PusaBoldin F and
EC 399788/JD-6in F, wereidentified asthe most superior
combinations as well as highly significant sca effect for
seed yield per plant. Best combinations, in general
included one good general combiner and one poor or
average general combiner for most of the characters
studied. The desirable performance of these hybrids over
the better parent may be ascribed to the complementary
gene effects.

Thehighest heterobeltiosis (185.35%) wereidentified as
potential cross combinationson the basis of better parent
heterosis and specific combining ability for number of
siliqua per plant followed by seed yield per plant and
number of secondary braches per plant, the crosses
namely EC401574/ RgendraSufalam, RH-30/vardan & EC
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399788/ Rgjendra Sufalam for number of siliquaper plant,
RAURD32/JD-6, RAURD 214/PusaBold and EC 401574/
Rajendra Sufalam for seed yield per plant and EC399788/
Pusa Bold, EC 399788/ Rajendra Sufalam, EC 401574/
Rajendra Sufalam for number of secondary braches per
plant, respectively. Among these crosses only one hybrid
i.e. EC 401574/Rajendra Sufalam had showed highly
siginificant heterobeltiosisfor number of siliquaper plant
followed by seed yield per plant and number of secondary
braches per plant. In the present study heterosisfor main
shoot length, daysto maturity and daysto 50% flowering
werelower and negativein most of the crosses, whichin
turn can limit heterosisfor seedyield. It wasevident from
the two analyses that additive and non-additive gene
effects are important for the inheritance of different
characters studied. However, the relative magnitude of
non-additive was higher than additive component for al
thecharactersin both the populations, similar totheearlier
findings by Vaghela et al. (2011), Azzinia (2012) and
Meenaet al. (2017).

ThelinesEC401574, PusaBold and Rgjendrasufalamfor
seed yield and number of siliquaon mainraceme, RAURD
153, RAURD 34 and RAURD 32 for daystofloweringand
main shoot length, EC 399788 number of siliquae per plant
and number of secondary branches per plant, were good
general combiners. Utilization of these linesin breeding
programmes may prove useful for improvement of yield
and other component characters. The hybrid RAURD
153 x PusaBoldfor number of primary branches per plant,
EC 399788 x PusaBold for secondary branches per plant,
EC 401574/ Rajendra Sufalam for seed yield per plant,
number of siliquaper plant and siliqua on main raceme,
RAURD 214/ Rgjendra Sufalam for siliqua length and
RAURD 32/Vardan for seeds per siliquamanifested high
sca as well as heterotic effects. Desirable significant
heterosis for seed yield and component traits in Indian
mustard were earlier reported by many workers (Ram et
al., 1976; Bangaand L abana, 1984; Hirveand Tiwari, 1992;
Verma, 2000; Aher et al., 2009; Vermaet al., 2011; Meena
et al., 2015) using different sets of materials.

Such crosses are expected to throw better segregantsfor
yield and its components in the subsequent generations
which can be exploited effectively for mustard
improvement. Analysisof combining ability and heterosis
depicted theimportance of both additive and non-additive
components in the inheritance of yield and other
characters. Therefore, breeding procedureslike repeated
crossing and modified recurrent selection in the
segregating generations may prove useful in improving
seed yield, other contributing traitsin Indian mustard.
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