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ABSTRACT

Combining ability analysis for grain yield and its components was carried out in eight parental diallel crosses of bold grained rice excluding reciprocals.
The general combining ability (GCA) and specific combining ability (SCA) effects were significant for all the characters indicating the importance of
both additive and non-additive gene effects in their inheritance. The parents Ranjit followed by Matonga and Monohar Sali contributed significantly
to high GCA effect towards high grain yield per hill. The superior specific cross combinations for high grain yield per hill were Matonga/Bar
Madhava, originated from high x low GCA combination followed by Dhola Mula/ Ranjit (low x high gca), Chandmoni/Hathi Sali (low x high GCA),
Dhola Mula/Mala (low x low gca), Matonga/Mala (high x low GCA), Bar Madhava/Hathi Sali (low x high GCA) and Matonga/Hathi Sali (high x
high GCA). Further, these crosses exhibited high SCA effects for some other characters as well.
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INTRODUCTION

Economically backward hard working rural people
always prefer bold grained rice. Genetic improvement
of bold grained rice for yield is a long term demand of
the hard working class. Bold grained traditional rice
genotypes are low yielder. Combining ability analysis
provides information on the nature and magnitude of
gene effects governing grain yield and yield attributing
characters. This analysis helps in the identification of
potential parents and superior cross combinations and
also assists in the formulation of a suitable time-bound
effective breeding program for genetic enhancement of
yield and yield components.

The present investigation was therefore, under-
taken to study the combining ability effects of eight
parents and their twenty eight crosses for grain yield
and its components.

MATERIALS AND METHODS

The material for the present study comprised of
8 rice parents viz. Dhola Mula, Matonga, Chandmoni,

Bar Madhava, Monohar Sali, Ranjit, Mala and Hathi
Sali and their 28 F; progenies. All the parents and
crosses were raised in randomized block design with
three replications with crop geometry of 30cm X 20cm
at Regional Agricultural Research Station (RARS),
Akbarpur, Karimganj during kharif season 2006.

Twenty two days old seedlings were transplanted
at the rate of one seedling per hill. Observations were
recorded on five random plants per replication in parents
and hybrids for days to 50% flowering, plant height (cm),
flag leaf length (cm), flag leaf breadth (cm), effective
branch tillers per hill, panicle length (cm), grains per
panicle, sterility percentage and grain yield per hill
(g). The combining ability analysis was carried out
following Griffing’s (1956) method II (Parents and F;s
excluding reciprocals), model II.

RESULTS AND DISCUSSION

Analysis of variance for combining ability
The analysis revealed the significant gca and sca
variances for all the characters, indicating the impor-



ACTA AGRON (PALMIRA). 58 (1) 2009, p 9-13

tance of both additive and non-additive gene actions in
the expression of these characters (Table 1). The rela-
tively higher magnitude of the gca variance indicated
the predominant role of additive gene action for the
characters like grains per panicle, plant height, days to
50% flowering, flag leaf length, effective branch tillers
per hill, panicle length, grain yield per hill and sterility
percentage.

Kumar et al. (2007) observed that gca and sca vari-
ances were highly significant for yield and the yield attrib-
uting characters which indicated the importance of both
additive and non-additive gene action. They observed
the preponderance of additive gene action for the traits
viz. plant height, days to 50% flowering, harvest index,
100-grain weight and grain length. Both additive and
non-additive gene effects were almost equally important
for grain yield per plant, grain length: breadth ratio. They
further observed the preponderance of non-additive gene
action for panicle length and grain length.

Shanthi et al. (2003) reported highly significant
variance for combining ability in different characters
among lines, testers and line X tester interactions. These
were the indices of both additive and non-additive gene
action in the inheritance of these characters. Selvi et al.
(2001) and Ganesan and Rangaswamy (1998) reported
similar findings. On the other hand, preponderance of
non-additive gene action was observed for the characters
like flag leaf breadth, grain length, grain breadth, grain
L/B ratio, kernel length, kernel breadth, kernel L/B ratio,

crude protein content, total soluble protein content and
alkali digestion value.

Sharma et al. (2005) reported the major role of
non-additive gene action in rice for plant height, days
to 50% flowering, days to 80% maturity, panicle length,
1000-grain weight, grain breadth, filled grains per
panicle, grain yield per plant, biological yield per plant
and harvest index.

General combining ability effects of the parents

General combining ability of a parent is the aver-
age performance of a parent in a series of crosses (Table
2). All the parents had significant gca effect for grain
yield per hill except Hathi Sali. Ranjit followed by
Matonga and Monohar Sali contributed significant gca
effect towards high grain yield per hill. Ranjit, Monohar
Sali, Matonga and Hathi Sali contributed significant
gca effect for effective branch tillers per hill, grain per
panicle and flag leaf breadth. For early flowering, Ranjit
followed by Hathi Sali, Bar Madhava and Mala were
found to be good general combiner.

Ranjit was the best general combiner for dwarfing
nature followed by the parents Monohar Sali, Bar Mad-
hava and Matonga. Bar Madhava exhibited maximum
gca effect for long flag leaf length followed by the par-
ents Mala and Dhola Mula. Ranjit and Hathi Sali were
found to be good general combiners for broad flag leaf
breadth. Hathi Sali, Ranjit and Monohar Sali were the
good general combiners for more effective branch tiller
per hill. Bar Madhava, Ranjit and Dhola Mula registered

Table 1. Analysis of variance for combining ability of 8 parents and their 28 F; progenies for different quantitative characters

MEAN SUM OF SQUARES

gg:.li:lcgo(;lf 8 D;g 3;0 Plant height Flag leaf Flag leaf brfrfl.iehcttii‘l[leers Panicle Gr?ins Sterility (;‘i.:li:il
flowering (cm) length (cm) breadth (cm) Jhill length (cm) per panicle (nos) percentage per hill (g)
Gea 7 148.93%% 38137+ 81.99%* 0.128%** 27.60%* 14.95%* 5511.65%* 4.68%* 25.26%*
Sca 28  4.865%* 28.44* 11.38 0.01#* 8.79%* 5.89%* 502.41%* 1.14%%* 1.66%*
Error 70 0.159 1.913 2.940 0.0013 0.630 0.746 51.740 0.078 0.177
**Significant at 1% level of probability, * Significant at 5% level of probability
Table 2. General combining ability (gca) effect of 8 rice parents for different quantitative characters
Parents s quys to . .Plant Flag leaf length  Flag leaf Eg eacr:::‘l/f ll)::;::le Grflins per  Sterility Grain.Yield
o flowering height (cm) (cm) breadth (cm) tillers /hill (cm) panicle (nos) percentage per hill (g)
Dhola Mula 1.25%* 0.82 0.32 -0.003 -2.23%% 0.79%* -15.70%* -0.54%%* -0.57%%*
Matonga 2.35%* -1.58%* -3.87%* -0.12%* -0.26 -0.98%** -8.0%* -0.77%* 1.12%*
Chandmoni 3.25%* 1.42%* -1.14% -0.02 -0.79%* -0.88%* 8.53%* -0.15 -0.99%*
Bar Madhava -1.82%* -1.62%* 6.03** -0.008 -1.06%* 1.69%* -30.83** 0.69%* -1.65%*
Monohar Sali 5.05%* -5.62%* -0.48 -0.140%** 1.31%* -1.08%* 6.97%* 0.65%* 0.93%*
Ranjit -7.18%* -9.11%%* -1.38% 0.165%* 1.94%* 1.63%* 49.13%* -0.87#* 2.88%*
Mala -0.25 4.58%* 1.36* -0.012 -1.26%* -1.21%* -2.77 0.27** -1.75%*
Hathi Sali -2.65%* 11.12%* -0.84 0.155%* 2.34%* 0.025 -7.33%% 0.72%* 0.05
SEgi. 0.118 0.409 0.507 0.0107 0.235 0.255 2.13 0.083 0.125

**Significant at 1% level of probability, * Significant at 5% level of probability
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as the best general combiner for long panicle length. The
good general combiners for more grains per panicle were
Ranyjit followed by Chandmoni and Monohar Sali. Ranjit,
Matonga and Dhola Mula were the good general combin-
ers for lower grain sterility on percentage basis.

Specific combining ability effects of the F'; progenies
in diallel crosses
A comparison of the specific combining ability
effects indicated that the following seven crosses ex-
hibited significant sca effects for high grain yield per
hill (Table 3):
1. Matonga/Bar Madhava, originated from high x low
gca combination followed by
2. Dhola Mula/Ranjit, originated from low x high gca
combination,
3. Chandmoni/Hathi Sali, originated from low x high
gca combination,
4. Dhola Mula/Mala, originated from low x low gca
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5. Matonga/Mala, originated from high x low gca
combination,

6. Bar Madhava/Hathi Sali, originated from low x high
gca combination and

7. Matonga/Hathi Sali, originated from high x high gca
combination. Further, these crosses exhibited high
sca effects for some other characters as well.

The highest sca effect was observed for grain
yield per hill in the cross Matonga/Bar Madhava, which
originated from high x low gca combination. The cross
Matonga/Hathi Sali originated only from high x high
gca parents. The cross Dhola Mula/Mala originated
from low x low gca combination. The rest of the crosses
originated either from low x high or high x low gca
combinations. The cross combinations generated from
parents having different types of gca effect (viz. posi-
tive significant, negative significant and non-significant
either positive or negative) and their corresponding sca

combination,

Table 3. Specific combining ability (sca) effect of 28 F; progenies for different characters

effects were observed.

Days Pl.ant Flag leaf  Flag leaf Effecti‘ve Panicle Grainsper  Sterility Grain Yield per
Crosses to 50 % height length breadth branch tillers length . hill
flowering  (cm) (cm) (cm) /hill (cm) Panicle (nos) percentage (®

Dhola Mula/ Matonga -2.92%* 2.23% 3.28%* -0.005 5.35%* 0.911 5.222 -0.867** 0.447
Dhola Mula/ Chandmoni -0.82%* S3.7 7k -2.46 0.14%* -1.79%* -2.19%* -6.98 -0.526%* 0.328
Dhola Mula/ Bar Madhava 0.59 -0.41 -6.62%* -0.03 0.48 2.24%* 7.39 -0.432%* -1.614%*
Dhola Mula/ Monohar Sali 0.38 -0.08 -0.45 -0.04 0.11 0.68 9.26 0.206 0.066
Dhola Mula/ Ranjit 2271k -3.58%* 0.11 0.02 0.15 0.31 -21.58%* 0.532%%* 1.611%*
Dhola Mula/ Mala -0.98%* 0.39 -0.63 0.13%* -3.32%* -3.19%* 5.99 1.316%* 1.358%*
Dhola Mula/ Hathi Sali 3.42%% 1.19 1.32 0.004 1.08 0.25 -8.44 0.205 -1.19%*
Matonga/ Chandmoni -1.96%* 1.63 6.74%* -0.13%* -1.76%* -1.75%* -9.01 -0.187 -1.425%*
Matonga/ Bar Madhava 1.15%* -4.34%% 1.58 -0.04 4.51%* 3.35%* 2.69 0.547+** 1.833%*
Matonga/ Monohar Sali -3.04%* -1.68 -1.26 0.13%* -1.86%* -3.55%* 6.56 0.415%* -0.097
Matonga/ Ranjit 0.86%** -4.82%% -1.36 0.06* -1.82%%* 1.07 3.39 -0.089 -0.662*
Matonga/ Mala 0.97%* 6.46%* 2.24 -0.13%* -3.29%* 2.58%* 17.29%* -0.475% 1.095%*
Matonga/ Hathi Sali -1.02%* 2.59%%* -1.56 -0.002 -1.89%* -3.32%% -8.48 0.274 0.807%*
Chandmoni/ Bar Madhava 1.92%* 2.99%* 12.51%* 0.08%* 0.05 291%%  21.52%* -2.582%* -0.266
Chandmoni/ Monohar Sali -1.27%* 4.99%* -1.66 -0.03 3.01%* -0.65 -30.32%* -0.244 0.464
Chandmoni/ Ranjit 3.62%* -4.51%* -0.43 0.011 4.38%* 0.32 61.19%* 0.642%* -1.7071%*
Chandmoni/ Mala 0.68* 0.462 -1.49 -0.011 -0.42 -0.52 29.09%* -1.034%* 0.156
Chandmoni/ Hathi Sali 0.08 -4.41%* -3.96%* 0.08%* 0.98 -1.75%* -12.02%* 2.185%* 1.538%*
Bar Madhava/ Monohar Sali ~ 2.79%* -0.64 4.18%* -0.107%* -6.06%* -0.22 5.05 0.35 -0.288
Bar Madhava/ Ranjit -2.98%* -4.15%* 4.471%% -0.001 -5.02%* -2.927%% - -40.78%* 0.846%* -1.253%*
Bar Madhava/ Mala -2.25%% 4.83%* -4.99%* 0.08%* 4.84%* -4.09%* 1.453 1.3k -1.176%*
Bar Madhava/ Hathi Sali -3.85%* 3.63%* -2.46 0.21%%* -1.42% 2.68%* 13.35%* -0.691%* 0.846%*
Monohar Sali / Ranjit 1.82%* -5.81%* -2.09 -0.04 2.61%* 0.85 -23.25%* -1.89%* 0.367
Monohar Sali / Mala 0.88%* 4.83%* -3.49%* 0.07** 0.82 2.68%* 15.65%* 0.798%* -0.906%*
Monohar Sali/ Hathi Sali -0.72%* 4.96%* 1.37 -0.13%* 1.55%* 0.45 -6.11 -0.85%* -0.524
Ranjit / Mala -0.54 6.99%* -2.59% 0.11%* 1.18* 1.65%%  -43.52%* -0.87+* 0.449
Ranjit / Hathi Sali -1.48%* 11.46%* 1.614 0.07%* -4.09%* 4.42%% 0.052 -0.29 -1.289%*
Mala / Hathi Sali 0.92%#* -16.58%** 5.54%% -0.13%* 0.78 -2.09%* 11.28%* -0.70%** -1.142%%*
SEsij+ 0.362 1.25 1.55 0.033 0.72 0.78 6.52 0.253 0.3816

**Significant at 1% level of probability, * Significant at 5% level of probability
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Parent with high, medium and low general com-
bining ability produced hybrids with high sca. Almost
all types of parental combinations for combining ability
produced hybrids with positive and significant sca for
grain yield. The high yield potential in cross combina-
tions (high x low) could be attributed to the interaction
between positive alleles in the good combiner and nega-
tive alleles in the poor combiner.

In the present study, low x low gca combination
also produced hybrids with high sca and this could be
attributed to overdominance or epistatic gene action.
All these results revealed that there is no direct relation
between gca effects of parents and sca effects of hybrid
combinations. This could be explained from the point of
view of gene action since gca is mostly due to additive
gene action whereas sca is mostly due to overdominance
and epistasis.

Venkatesan et al. (2007) conducted experiment on
combining ability using eight lines and four testers in
rice and observed non-additive gene action governing
the characters viz., days to first flowering, plant height,
panicle per plant, grain yield per plant and grain L/B
ratio.

Rosamma and Vijayakumar (2005) reported that
the grain yield per plant had high sca variance suggest-
ing predominance of non-additive genetic variance,
which could be exploited through heterosis breeding.
They also revealed that there is no direct relationship
between gca effects of parents and sca effects of hybrid
combinations.

Sharma et al. (2005) reported the major role of
non-additive component for the characters like plant
height, days to 50% flowering, days to 80% maturity,
panicle length, 1000-grain weight, grain breadth, filled
grain per panicle, and grain yield per plant, biological
yield per plant and harvest index.

The crosses that originated from high general
combiner parents reflecting high sca effects are expected
to produce useful transgressive segregants, which can
be identified following simple conventional breeding
technique like pedigree method of selection. The high
sca effects of such crosses might be attributed to addi-
tive x additive type of gene action and the high yield
potential of these crosses can be fixed in subsequent
generations.

On the other hand, high sca effects of the crosses
that resulted from high x low combining parents are
attributed to additive x dominance type of gene action.
The high yields from such crosses would be unfixable
in subsequent generations and therefore cannot be
exploited by standard selection procedure. However,
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these crosses would produce desirable transgressive
segregants in later generations if efforts could be made
to modify the conventional breeding methodologies to
capitalize on both additive and non-additive genetic
effects.

In view of this, it is suggested that a breeding
procedure, which may take care of the fixable gene
effects and at the same time, maintains considerable
heterozygosity for exploiting the dominance effects,
may prove most efficient for yield improvement. In this
regard, recurrent selection that involves cyclic inter-
mating of the selects appears to be the most desirable
selection procedure. However, in self-pollinated crops
like rice, recurrent selection in true sense is difficult to
practise due to large number of hand emasculation and
pollination. Under such a situation, biparental mating
in early segregating generations might be practised to
ensure higher utilization of both additive and non-ad-
ditive gene actions. The high sca effects of the cross
combinations involving low x low combiners could be
due to overdominance and dominance x dominance type
of gene action. Such specific crosses can be exploited
for heterosis breeding.

It may be inferred from the present study that all
the eight parents and the six crosses viz Matonga/Bar
Madhava, Dhola Mula/Ranjit, Chandmoni/Hathi Sali,
Matonga/Mala, Bar Madhava/Hathi Sali and Maton-
ga/Hathi Sali have considerable potential and can be
exploited for breeding a variety with high yield by the
above-mentioned appropriate breeding program. In the
present study, it was observed for the character grain
yield per hill that some high combiners turned out to
be poor specific combiners as evident from the crosses,
i.e. Matonga/Monohar Sali, Matonga/Ranjit, Monohar
Sali/Hathi Sali and Ranjit/Hathi Sali reflecting nega-
tive sca effect and negative heterosis. However, high x
low combinations were found to be the best. For other
characters also, similar results were obtained.

The present investigation also indicated that the
best parents with high gca were not always the best
specific combiners. Moreover, the results further showed
that the best parents were the best general combiner
for a particular trait but none of the parents or specific
crosses was the best for all the characters. Such results
were observed by many investigators, namely, Selvi et
al. (2001), Rosamma and Vijayakumar (2005), Sharma
and Mani (2005), Panwar (2005) and Singh et al. (2007).
The undesirable or non-significant sca effects exhibited
by some crosses for different characters might be due
to the presence of unfavorable genetic combinations of
the parents for the characters.
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Table 4. Estimates of narrow sense heritability (hzns) and degree of dominance (T ) for various quantitative traits from Griffing’s

analysis
Degree of dominance (F) =
Characters Narrow sense heritability (h?,) (%) / o°D
v A
1 Days to 50% flowering 84.80 0.40
2 Plant height (cm) 66.16 0.61
3 Flag leaf length (cm) 45.01 0.77
4 Flag leaf breadth (cm) 61.98 0.60
5 Effective branch tiller per hill (nos) 27.26 1.47
6 Panicle length (cm) 19.73 1.68
7 Grains per panicle (nos) 62.32 0.67
8 Sterility percentage 35.43 1.22
9 Grain yield per hill (g) 74.41 0.46
Narrow sense heritability (h%,) BIBLIOGRAPHY
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