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Combining ability analysis for yield and quality traits in indigenous
aromatic rice

A K Srivastava*, H K Jaiswal and R K Agrawal
Institute of Agricultural Sciences, Banaras Hindu University, Varanasi- 221 005, Uttar Pradesh

ABSTRACT
Combining ability analysis for ten yield and three grain quality traits was made among 48 crosses generated in
a line x tester (L x T) fashion with 12 indigenous aromatic lines and 4 testers. The LxT interaction was significant
for all the traits under study. The magnitude of specific combining ability variances was higher than that of
general combining ability variance for all the traits under study indicating a major role of non-additive gene
effect in controlling these traits. The lines Juhi Bengal 21, Jeera Battis, Kalanamak 6, Kalanamak 11 and
Kalanamak 2 were found to be good general combiners for grain yield and related traits. Among best crosses
showing high sca for grain yield plant-1, the cross BPT 5204 x Jeera Battis involves parents with good general
combining ability for yield. The crosses BPT 5204 x Adamchini and Jaya x Kalanamak 11 involved parents with
high x low general combining ability..
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India is bestowed with a great treasure of indigenous
aromatic short grain cultivars which compare equally
with basmati rice as far as aroma and cooking qualities
are concerned. However, these possess medium to short
grains which makes them a class apart from the long
grained basmati varieties. Change in income level and
self-sufficiency including rice availability for
consumption has brought a shift in the consumer as
well as market preferences for better rice grain quality.
As good grain quality fetches higher returns to the
farmers, it has now become imperative to incorporate
quality features in desirable range into the
conventionally bred varieties as well as in the hybrids
for their adoption. To compete with basmati rice in
market, the yield level of the aromatic short grain rice
varieties need to be improved keeping the desirable
quality traits intact. With focus being on improvement
of long grain Basmati rice, few reports on germplasm
evaluation, genetics of quality traits are available on
indigenous aromatic rice (Singh et al., 1996). It is high
time that efforts should be focussed on the improvement
of indigenous aromatic rice for getting a premium price
in domestic as well as global market. The present study
was undertaken to study the combining ability and

genetics of yield, and grain quality traits in indigenous
aromatic rice.

MATERIALS AND METHODS

The material for the present study comprised of 12
indigenous aromatic short grain genotypes accessions
viz., Kalanamak 2, Kalanamak 5, Kalanamak 6,
Kalanamak 11, Jeera Battis, Juhi Bengal 21, Juhi Bengal
23, Basmati Local 73, Badshahbhog, Katarni, Adamchini
and Kanakjeera 28 crossed with four popular varieties
viz., Jaya, Sarjoo 52, HUR 105 and BPT 5204 in a line
x tester fashion. The 48 line x tester crosses thus made
were sown  along with their parents in a Compact Family
Randomized Block Design with 3 replications for 2
consecutive years (2006 and 2007) following a spacing
of 15 x 20 cm within and between rows. Each entry
was transplanted in 3 rows, each being 5 m in length.
All the recommended agronomic practices were
followed. Observations were recorded on ten yield traits
viz., days to 50% flowering (DTF), days to maturity
(DTM), plant height (PH), flag leaf length (FLL), main
panicle length (MPL), number of panicle plant-1 (PBT),
number of grains panicle-1 (G/PAN), spikelet fertility
(SF), 100-grain weight (100 GW), yield plant -1 (Y/P),
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and three grain quality traits viz, brown rice length
(BRL), brown rice breadth (BRB) and brown rice L/B
ratio (BRL/B). Combining ability analysis was done
following the method outlined by Kempthorne (1957).

RESULTS AND DISCUSSION

The analysis of variance for combining ability revealed
significant variance due to parents for all the traits under
study (Table 1). The variance due to lines was
significant for all the traits except panicles plant-1 while
it was non-significant for all the traits except days to
50% flowering, main panicle length and yield plant-1

for testers. This indicated sufficient variability among
the genotypes for the traits under study. Further, LxT
interaction was significant for all the traits under study.
The magnitude of specific combining ability variances
was higher than that of general combining ability
variance indicating major role of non-additive gene
effect in controlling these traits. Importance of non-
additive gene action in governing yield and yield
components have been reported by earlier workers
(Ramalingam et al., 1993, Babu et al., 2000,
Satyanarayana et.al., 2000, Kumar and Singh, 2004,
Panwar, 2005, Venkatesan et al., 2007).

The lines Juhi Bengal 21, Jeera Battis,
Kalanamak 6, Kalanamak 11 and Kalanamak 2 were
found to be good general combiners for grain yield
(Table 2) among all the lines. In general, these lines
were also good general combiners for other yield
components. Juhi Bengal 21 combined well for flag leaf
length, grains panicle-1, spikelet fertility and brown rice
breadth while Jeera Battis combined well for days to
50% flowering, days to maturity, grains panicle-1 and
spikelet fertility. Kalanamak 6 was a good general
combiner for days to 50% flowering, days to maturity,
main panicle length, flag leaf length, spikelet fertility,
100-grain weight, brown rice length and brown rice L/
B while Kalanamak 11 combined well for days to 50%
flowering, days to maturity, number of panicles plant-1,
plant height, grains panicle-1, 100-grain weight, brown
rice length and brown rice L/B. Further, some lines
showed better combining ability for some yield
components but did not combine well for yield plant -1.
e.g. Kalanamak 5 combined well for days to 50%
flowering, days to maturity, number of panicles plant-1,
plant height, 100-grain weight, brown rice length and
brown rice L/B; Juhi Bengal 23 for flag leaf length, Ta
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spikelet fertility (%), 100-grain weight and brown rice
length; Kanakjeera 28 for days to 50% flowering, days
to maturity, number of panicles plant-1, grains panicle-1,
100-grain weight and brown rice length; Basmati Local
73 for plant height, 100-grain weight, brown rice length,
brown rice breadth and brown rice L/B; Badshahbhog
for main panicle length, flag leaf length and 100-grain
weight; Katarni for main panicle length, flag leaf length
and brown rice length and Adamchini for number of
panicles plant-1, 100-grain weight and brown rice
breadth. This may be due to the negative correlation
between different yield components leading to
cancellation of the desirable effects and hence poor
combining ability for grain yield.

The specific combining ability effects among
48 crosses (12x4) for 13 yield and quality traits
(Table 3). Maximum desirable sca effect for days to
flowering was exhibited by cross Sarjoo 52 x Juhi
Bengal 21. The cross Jaya x Kalanamak 2 exhibited
the highest negative value among 15 crosses that
showed desirable negative specific combining ability
for days to maturity. The cross HUR 105 x Kalanamak
11 showed maximum significant negative specific
combining ability value for plant height. For number of
panicles plant-1, the cross Jaya x Kalanamak 11 showed
highest positive specific combining ability. The cross
Jaya x Jeera Battis showed the maximum positive
specific combining ability for main panicle length. For
flag leaf length, the cross BPT 5204 x Badshahbhog,
showed maximum positive specific combining ability.
Maximum positive specific combining ability was
exhibited by the cross BPT 5204 x Jeera Battis for
number of grains panicle-1. For spikelet fertility,
maximum positive specific combining ability was
exhibited by the cross BPT 5204 x Adamchini. The
cross HUR 105 x Juhi Bengal 23 showed maximum
positive specific combining ability for 100-grain weight.
19 crosses exhibited significant positive specific
combining ability for yield plant-1 with the cross BPT
5204 x Jeera Battis showing the highest value. The
cross Jaya x Basmati Local 73 exhibited highest positive
specific combining ability for brown rice length. The
cross BPT 5204 x Juhi Bengal 23 showed maximum
negative specific combining ability for brown rice
breadth. The maximum positive specific combining
ability for brown rice L/B was shown by the cross Jaya
x Basmati Local 73.

The study of sca effects of crosses in relation
to gca effects of parents (Table 4) showed that almost
all types of sca effects were obtained from any kind of
combination of gca effects and hence sca effects of
crosses was independent of gca effects of parents
involved in the crosses. E.g. the crosses BPT 5204 x
Jeera Battis, BPT 5204 x Adamchini and Jaya x
Kalanamak 11 showed high sca for grain yield plant-1.
Out of these BPT 5204, Jeera Battis and Kalanamak
11 are good general combiners for grain yield while
other two lines are poor combiners.

The manifestation of high, low or non-significant
sca effects by any sort of combination among the parents
might be due to differential expression of component
traits in specific residual genetic backgrounds. As the
yield components are correlated either positively or
negatively, it is usual to find for a particular parent, gca
in the desirable direction for some traits and in the
undesirable direction for others. Therefore establishing
the status of a parent with respect to gca over a number
of component characters assumes importance.

The crosses showing high sca involving good
general combiners (high x high gca) are expected to
throw some useful transgressive segregants in the
breeding programme for pedigree method of selection.
However, in crosses having high sca with high x low
combining parents, the high yield potential is attributed
to interaction between positive alleles from good
combiners and negative alleles from poor combiners
(Dubey et al., 1975). The high yield from such crosses
would be unfixable in later generations, while heterosis
involved in high x high gca combiners would involve
interaction between positive x positive alleles and can
be fixed in the subsequent generations if no repulsion
phase linkage is involved (Singh et al., 1971). The
superiority of crosses involving low x low gca parents
can be attributed to overdominance and epistasis
(Rahman et al., 1981).

In the present study, the lines Juhi Bengal 21,
Jeera Battis, Kalanamak 6, Kalanamak 11 and
Kalanamak 2 were found to be good general combiners
for grain yield and related traits. These can be utilized
in hybridization programmes for obtaining desirable
progenies. The cross BPT 5204 x Jeera Battis involves
parents with good general combining ability for yield.
Pedigree method of selection can be followed in this
cross to identify some useful transgressive segregants

Combining ability analysis in aromatic rice A K Srivastava et. al
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in later generations. The crosses BPT 5204 x Adamchini
and Jaya x Kalanamak 11 involved parents with high x
low general combining ability. These crosses can be
utilised in heterosis breeding as the improved yield is
likely to be unfixable in later generations.
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