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Abstract

An experiment was conducted following randomized complete block design with 
three replications during boro season of 2017-2018 to estimate combining ability for 
16 agronomic traits of a 5x5 half diallel populations generated by using five selected 
parents of rice. Analysis of variance exhibited highly significant variability among 
the genotypes and combining ability variances for most of the studied traits except 
grain length and length-breadth ratio. The results indicated that none of the parent 
and hybrid combination performed better as general and specific combiner for all the 
traits. Performances were found to vary from trait to trait among parents and hybrid 
combinations. Parental genotype P3 performed as the best general combiner for grain 
yield hill-1 (2.16**) followed by P5 (1.43**). The hybrid combination P3×P5 exhibited 
the best specific combiner for grain yield hill-1 (5.17**) followed by P3×P4 (5.06**). 
However, the GCA : SCA ratio was less than unity for panicle length, effective tillers 
plant-1, filled grains panicle-1, straw dry weight and grain yield hill-1 indicating the 
presence of non-additive gene action. The results revealed that these traits could be 
improved through hybridization between the parents P3 and P5.
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Introduction

Rice is the important staple food, provides 
about 80% daily calories consumed by 
more than 35% of the world’s population, 
particularly in Asia (Sahebi et al., 2018). The 
world population is expected to rise to eight 
billion within 2030, thus rice production 
should need to increase by at least 50 percent 
by this stipulated time (Abo-Yousef et al., 
2020). To alleviate the exact demand for 
rice of the growing population, it is crucial 

to develop stable high yielding hybrids 
along with superior lines/varieties with 
steady performance in diverse agro climatic 
environments. It is a great challenge for rice 
breeders although they are continuously 
trying to shift new varieties with the highest 
yield potential to release them as novel and 
high yielding varieties than the existing 
ones (Karthikeyan et al., 2018). Generally, 
hybrid rice exhibits on an average yield 
benefit of about 15% to 20% over the inbred 
varieties (Abo-Yousef et al., 2020). The usual 
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strategies of breeding for developing varieties 
with high yield potential along with improved 
grain quality need expected level of heterosis 
as well as good combining ability. In breeding 
high yielding varieties, the breeders frequently 
face with the dilemma of selecting parents 
and crosses. Combining ability analysis is an 
effective approaches available for estimating 
the combining ability effects that can help 
in selecting desirable parents and hybrid 
combinations for the exploitation of heterosis 
(Denis et al., 2020). 

The phenotypic performance of the parents 
may not essentially judge them to be a good 
or poor combiner. Therefore, information 
on nature of gene action as well as their 
mode of expression in terms of combining 
ability is essential. Similarly, it also needs 
to explain the nature of gene action involved 
in the inheritance of respective characters. 
General combining ability (GCA) is endorsed 
to additive gene effects as well as additive x 
additive epistasis. On the contrary, specific 
combining ability usually attributable for non-
additive gene effects may be due to prevalence 
of dominance or epistasis or both and is non-
fixable (Begum et al., 2018). The existence 
of non-additive genetic variance is the prime 
justification while initiating a hybridization 
program (Huseynzade et al., 2020). Therefore, 
it is necessary to estimate yield and related 
characters for obtaining in depth understanding 
of their inheritance in order to select superior 
genotypes. Considering the above view, the 
present study was designed to estimate general 
and specific combining ability effects for yield 
and its related traits of boro rice.

Materials and Methods
Parental materials
Four boro rice varieties and one line were 
collected from BRRI (Bangladesh Rice 
Research Institute), Gazipur and BINA 
(Bangladesh Institute of Nuclear Agriculture), 
Mymensingh, and the varieties were BRRI 
dhan28 (P1), BRRI dhan74 (P2), BINA 
dhan10 (P3), BRRI dhan67 (P5) and the line 
was IR59418-7B-21-3 (P4).

Development of F1 hybrids
Ten direct crosses viz. P1×P2, P1×P3, P1×P4, 
P1×P5, P2×P3, P2×P4, P2×P5, P3×P4, P3×P5 and 
P4×P5 were made following 5 x 5 half-diallel 
fashion to develop experimental materials 
using five selected parental genotypes in the 
boro season of 2017. Seeds of 10 F1’s and five 
parents were harvested and kept in the cold 
room of Department of Genetics and Plant 
Breeding, Bangabandhu Sheikh Mujibur 
Rahman Agricultural University (BSMRAU) 
for growing in the following boro season.

Evaluation of experimental materials
F1 populations along with parents were grown 
in the experimental field of BSMRAU in a 
randomized complete block (RCB) design 
with three replications during boro season 
of 2018 following recommended inputs and 
management operations (BRRI, 2018). Data 
were collected from ten randomly selected 
plants from each replication on 16 agronomic 
traits such as days to first panicle exertion 
(DPE), days to maturity (DMT), plant height 
(PHT, cm), culm length (CLT, cm), panicle 
length (PLT, cm), number of tillers hill-1 
(TPP), number of effective tillers hill-1 (ETP), 
non-effective tillers hill-1 (NTP), filled grains 
panicle-1 (FGP), unfilled grains panicle-1 
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(UGP), grain length (GLT, mm), grain 
breadth (GBD, mm), length-breadth ratio 
(LBR), straw weight (SDW, g), thousand 
grains weight (TGW, g) and grain yield hill-1 
(YPP, g).

Statistical Analysis of Data
The preliminary statistical analysis of 
data was done according to the techniques 
developed by Snedecor and Cochran (1967) 
and Clark (1973). The transformed data were 
then exploited by the statistical software 
TNAUSTAR (Nadarajan et al., 2016) for 
estimation of combining and specific ability 
of 5x5 half-diallel populations (parents+F1s) 
following Griffing’s approach (1956).

Results and Discussion
Analysis of Variance (ANOVA)
Analysis of variance for yield and yield 
components presented in Table 1 which 
revealed that a highly significant differences 
among the studied genotypes for most of 
agronomic characters and also for GCA and 
SCA. The significant variances among the 
genotypes indicated wider range of variability 
among the genotypes for most of the studied 
characters except plant height, grain breadth 
and length breadth ratio. Saha et al. (2019) 
also found similar results for tillers per hill, 
grains per panicle, 100-grain weight and 
grain yield per hill in rice.  The significant 
general and specific combining ability 
(Table 1) indicated the importance of both 
additive and non-additive gene actions in the 
expression of these characters. The relative 
magnitude of GCA variances was higher for 
most of the studied characters excepts panicle 
length, effective tillers hill-1, filled grains per 
panicle, straw dry weight and grain yield T
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hill-1   indicated the predominant effect of 
additive gene actions for the control days 
to first panicle exertion (62.32**), days to 
maturity (123.13**), plant height (31.97**), 
culm length (14.08**), number of tillers hill-1 
(6.49**), non-effective tillers hill-1 (2.08**), 
filled grains panicle-1 (3.53**), unfilled grains 
panicle-1 (4.82**),and grain yield per hill 
(22.11**). It was further supported by the 
ratio GCA: SCA being higher than one and 
degree of additive gene action. Gnanamalar 
and Vivekanandan (2013), also reported the 
predominance of additive gene actions for the 
control of different agronomic traits in rice.  

On the other hand, higher significant 
contribution of SCA variances for days to 
maturity (31.02**), plant height (5.41**), 
effective tillers hill-1 (2.18**), filled grains 
per panicle (43.12**), straw dry weight 
(14.35**), 1000-grain weight (7.98**) and 
grain yield hill-1 (44.05**) indicated that 
the preponderance of non-additive gene 
action in the inheritance of these traits were 
controlled by non-additive gene action. The 
predominance of non-additive gene action 
was observed for grain yield which was 
illustrated by the variance of SCA was higher 
than variance of GCA. This result corresponds 
with the findings of different scholars which 
stated the predominance of non-additive gene 
action for grain yield (Saidabad et al., 2010; 
Hasan et al., 2013; Bano and Singh, 2019; 
Dianga et al., 2020).

DPE- Days to first panicle exertion, DMT- 
Days to maturity, PHT- Plant height (cm), 
CLT-Culm length (cm), PLT- Panicle length 
(cm), TPP- Tillers per hill (no.), ETH- Effective 
tillers per hill, NET- Non-effective tillers per 

hill, FGH- Filled grains per panicle, UGH- 
Unfilled grains per panicle, GLT- Length of 
grain (mm), GBD- Breadth of grain (mm), 
LBR- Grain length breadth ratio, SDW- Straw 
dry weight (g), TGW- 1000-grain weight (g), 
YPH- Grain yield per hill (g).

General Combining Ability Effects

The estimates of general combining ability 
effects are regarded as an important indicator 
of the potential of parental genotypes for 
generating superior breeding populations. 
Furthermore, general combining ability of the 
parental lines reveals the average performance 
of a parent in a series of crosses. In regards to 
significance of GCA effects in two directions 
in each character revealed that the parents 
had potential to transfer the high and low 
values for a trait. However, in increasing 
as well as decreasing the value of parental 
characters it would be considered positive and 
negative values of GCA effects, respectively. 
The general combining ability effect for five 
parental genotypes for all the traits of the 
study is presented in Table 2.

The negative GCA effects are desirable for 
earliness in case of flowering, maturity and 
semi dwarf type plant height in rice. In this 
study, P3 was found to be early both for days 
to first panicle exertion and days to maturity, 
which showed significant and negative GCA 
effects (Table 2). Regarding the plant height, 
the parent P2 revealed wider superiority for 
dwarf natured plant as possessed highly 
significant negative GCA effects. On the other 
hand, significant positive GCA effects have 
been recorded in P5 and P4 for culm length 
and panicle length, respectively possessing 
favorable gene for these traits. 
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The parent P3 was a good combiner for 
effective tillers hill-1, grain breadth and grain 
yield hill-1 as revealed highly significant and 
positive GCA effects for all these characters. 
The parent P1 had significant positive GCA 
effects for number of tillers plant-1 (0.86**), 
filled grains panicle-1 (0.66**), larger grain size 
(0.10**) and thousand grain weight (1.71**) 
where it revealed a good combiner for these 
traits but in case of grain yield hill-1 (-1.82**), 
it showed significant negative effects which 
might not desirable for rice breeding. 
Although parental genotype P5 exhibited 
non-significant and negative GCA effects for 
most of the traits, it would be a good general 
combiner for filled grains panicle-1 (0.56**) 
along with grain yield hill-1 (1.43**) as it 
showed positive and significant GCA effects 
for these characters. Parental genotypes P1 
and P2 would be a good general combiner 
for comparatively longer grain with lesser 
breadth that is slender type grain. 

DPE- Days to first panicle exertion, DMT- 
Days to maturity, PHT- Plant height (cm), 
CLT-Culm length (cm), PLT- Panicle length 
(cm), TPP- Tillers per hill (no.), ETH- Effective 
tillers per hill, NET- Non-effective tillers per 
hill, FGH- Filled grains per panicle, UGH- 
Unfilled grains per panicle, GLT- Length of 
grain (mm), GBD- Breadth of grain (mm), 
LBR- Grain length breadth ratio, SDW- Straw 
dry weight (g), TGW- 1000-grain weight (g), 
YPH- Grain yield per hill (g).

Maximum positive and significant GCA 
effects were recorded in P4 for straw dry 
weight (1.05**). Whereas, parents P1 and P4 

exhibited the highest significant positive GCA 
values for thousand grain weight (1.71** and 
0.16**, respectively) and grain yield hill-1 in T
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P3 and P5 (2.16** and 1.43**, respectively) 
(Table 2). Hasan et al. (2017) also reported 
similar results for most of the yield related 
traits in rice. From the above findings, it can 
be concluded that none of the parents have 
desirable GCA effects for all of the studied 
traits. Thus, no parent contains favorable gene 
for all the characters. So, multiple crossing 
among the parents may produce desirable 
traits including yield. Moreover, the parental 
genotypes may also serve as valuable donors 
in hybridization or multiple crossing schemes 
for producing high yielding genotypes or 
in the process of selection of transgressive 
segregates for obtaining pure line varieties 
using background selection. Therefore, 
simultaneous improvement for grain yield 
hill-1 is possible by enhancing yield attributes 
in rice.

Specific Combining Ability Effects
The specific combining ability (SCA) effects 
for 10 rice hybrids for studied agronomic 
traits are presented in Table 3. Based on the 
SCA effects, it was observed that none of the 
cross combination produced desirable and 
significant SCA effects for all the traits. These 
results are similar with that of many other 
studies on combining ability analysis of rice 
(Abo-Yousef et al., 2020; Devi et al., 2017). 
Generally, yield is considered as ultimate goal 
in rice breeding program. Estimates of SCA 
effects revealed that hybrids P3×P4, P3×P5, 

P1×P4 had higher positive and significant 
SCA effects for grain yield hill-1 (5.06**, 
5.17, 4.93**, respectively). In addition, these 
crosses also exhibited significant positive SCA 
effects for thousand grain weight (Table 3).

The cross combination P1×P3 revealed 
significant and positive SCA effects for Ta
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days to maturity (1.39**), panicle length 
(0.68**), effective tillers hill-1 (1.47**), filled 
grains panicle-1 (2.77**), and 1000-grain 
weight (2.62**). These traits may be used 
for increasing hybrid vigor in rice. The cross 
combination P2×P3 revealed as a good specific 
combiner for traits like days to first panicle 
exertion (-2.09**), days to maturity (-6.94**) 
their SCA effects were negative and significant 
for these traits. This cross combination also 
be a good specific combiner for panicle length 
(0.47**), tillers per hill (1.31**), effective 
tillers hill-1 (0.47**), grain length breadth 
ratio (0.15**), 1000-grain weight (0.84**) 
and grain yield hill-1 (3.59**) as their SCA 
effects were positive and significant. The 
cross combination P1×P4 revealed as a good 
specific combiner for shorter plant height 
(-0.89**), culm length (-0.65**), shorter 
panicle (-0.54**) with higher tillers hill-1 
(1.43**), increasing filled grains panicle-1 
(6.18**), increasing thousand grain weight 
()5.25** and grain yield hill-1 (4.93**). 

The highest significant positive SCA effects 
were found in the cross combinations P4×P5, 

P1×P3, P1×P5 and P3×P4 for effective tillers 
hill-1 (1.62**, 1.47**, 1.24** and 1.11**, 
respectively) whereas undesirable SCA 
effects were found non-effective tillers hill-

1 in the crosses combinations P1×P2, P1×P3, 

P1×P4, P1×P5 and P2×P3 revealed as poor 
specific combinations for this trait. The cross 
combinations of P2 × P4, P3 × P5, P1 × P4 and 
P1 × P3 performed as good specific combiners 
for filled grains panicle-1 (10.91**, 8.63**, 
6.18** and 2.77**, respectively) as revealed 
higher significant positive SCA value. On the 
contrary, the cross combinations P1×P2 and 
P2×P5 revealed undesirable significant positive 

SCA effects for number of unfilled grains 
panicle-1 (2.24** and 1.64**, respectively) 
and would not be effective if selected for 
improving grain numbers.

It can be inferred that, most of the cross 
combination exhibited significant positive 
SCA effects for grain length and negative 
SCA effects for grain breadth indicated 
longer grain with shorter breadth. The cross 
combination P1×P2 had maximum SCA effects 
for straw dry weight (3.58**). The crosses 
P1×P4 and P3×P5 revealed as a good specific 
combiner for thousand grain weight and grain 
yield hill-1 (5.25** and 5.17**, respectively) 
(Table 3). Veeresha et al. (2015) and Ghidan 
et al. (2019) reported similar findings of 
combining ability effects for days to maturity, 
tillers per hill, panicle length, filled grains per 
hill, 1000-grain weight and grain yield per 
hill in rice. However, the most of the cross 
combinations, showed significant SCA effects 
that revealed both good and poor specific 
combiners for respective characters indicates 
involvement of additive and non-additive type 
gene actions in the expression of the traits 
under study.

DPE- Days to first panicle exertion, DMT- 
Days to maturity, PHT- Plant height (cm), 
CLT-Culm length (cm), PLT- Panicle length 
(cm), TPP- Tillers per hill (no.), ETH- Effective 
tillers per hill, NET- Non-effective tillers per 
hill, FGH- Filled grains per panicle, UGH- 
Unfilled grains per panicle, GLT- Length of 
grain (mm), GBD- Breadth of grain (mm), 
LBR- Grain length breadth ratio, SDW- Straw 
dry weight (g), TGW- 1000-grain weight (g), 
YPH- Grain yield per hill (g).
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Conclusion
Highly significant GCA and SCA variances 
for all the characters except grain breadth 
and length breadth ratio indicated wide range 
of variability among the genotypes. None of 
the parents and cross combinations revealed 
desirable GCA and SCA values for all the 
characters. Rather, their performances varied 
significantly from trait to trait. The GCA 
effects revealed that parent P3 would be a 
good combiner for days to panicle exertion, 
days to maturity, effective tillers plant-1 and 
grain yield hill-1. The parental genotype P5 
revealed non-significant and negative GCA 
effects for most of the characters except filled 
grains panicle-1 and grain yield hill-1. The 
cross combination P2 × P3 revealed as the best 
specific combinations for effective tillers hill-1, 
grain length, grain breadth, 1000-grain weight 
and grain yield hill-1 followed by P2 × P5. Thus, 
theses combinations may be a good resource 
for specific combinations in rice breeding.

Acknowledgements
The authors would like to acknowledge their 
gratitude towards Ministry of Education, 
Bangladesh and Bangabandhu Sheikh Mujibur 
Rahman Agricultural University, Gazipur 
1706, Bangladesh authority for their support 
through the project entitled “Genetic Analysis 
for Salt Tolerance in Rice (Oryza sativa L.)”, 
Grant No. LS2018732.

References
Abo-Yousef, M. I., W. F. Ghidan, I. A. Talha, 

A. B. Elsehely and D. M. Tabl. 2020. 
Combining ability, heterosis and gene 
action for grain yield and its related traits 
of some WA-CMS with tester lines of 
rice (Oryza sativa L.).  J. Experiment. 
Agricult. Internat. 42(9): 102-123. 

Bano, D. A. and S. P. Singh. 2019. Combining 
ability studies for yield and quality traits 
in aromatic genotypes of rice (Oryza 
sativa. L.). Electron. J. Plant Breed. 
10(2): 341. https://doi.org/10.5958/0975-
928X.2019.00044.9.

Begum, S., S. S. Alam, S. H. Omy, M. 
Amiruzzaman and M. M. Rohman. 2018. 
Inheritance and combing ability in maize 
using a 7x7 diallel cross. J. Plant Breed. 
Crop Sci. 10(9): 239-248.

BRRI (Bangladesh Rice Research Institute). 2018. 
Modern Rice Cultivation. (20th ed.) 
Gazipur, Bangladesh 91 P.

Clark, G. M. 1973. Statistics and experimental 
design. Edward Arnold, London. 

Denis, B. E. 2020. Assessment of yield, grain quality 
and combining ability of selected rice 
cultivars in Kenya, Doctoral Dissertation, 
University of Nairobi, Kenya.

Devi, A., P. Kumari, R. Dwivedi, S. Dwivedi, K. K. 
Mishra, O. P. Verma and D. K. Dwivedi. 
2017. Combining ability analysis for yield 
and its quality traits in rice (Oryza sativa 
L.) over environment.  J. Pharmacog. 
Phytochem. 6(4): 35-42.

Dianga, A. I., K. W. Joseph and R. N. Musila. 
2020. Analysis of combining ability for 
early maturity and yield in rice (Oryza 
sativa L.) at the Kenyan Coast. Internat. 
J. Agron. 2020: Article ID 6230784. 

Griffing, B. 1956. Concept of general and specific 
combining ability in relation to diallel 
crossing systems. Australian J. Biol. Sci. 
9(4): 463-493. 

Ghidan, W. F., R. Y. El-Agoury and F. A. Hussein. 
2019. Utilization of combining ability 
and genetic components for yield and its 
contributing traits of some rice (Oryza 
sativa L.) Genotypes. J. Agricult. Chem. 
Biotechnol. 10(12): 257-267.

Gnanamalar, R. P. and P. Vivekanandan. 2013. 
Combining ability analysis of grain 
quality traits in rice (Oryza sativa L.). 
Asian J. Plant Sci. Res. 3(2): 145–149.



S. R. Ray, A. K. M. Aminul Islam, M. G. Rasul, M. M. H. Saikat and J. U. Ahmed	 31

Hasan, M. J., U. K. Kulsum, L. P. Lipi and A. K. 
M. Shamsuddin. 2013. Combining ability 
studies for developing new rice hybrids 
in Bangladesh. Bangladesh J. Bot. 42(2): 
215-222.https://doi.org/10.3329/bjb.
v42i2.18022. 

Hassan, H. M., G. B. Anis and I. H. Abou El-Darag. 
2017. Utilization of wide adaptability 
of some imported rice (Oryza sativa L.) 
genotypes for weed suppression and 
fertility restoration ability. Pp. 17-18. 
In: The 11th International Plant Breeding 
Conference.

Huseynzade, G., Z. Akperov and S. Hasanov. 2020. 
Combining ability and gene action of 
tomato hybrids (Lucopersicum esculantum 
L.) genotypes in Azerbaijan. American J. 
Agricult. Res. 5: 80.

Karthikeyan, P., S. R. Rajaram, V. Anbanandan, 
R. Elangaimannan and P. Satheeshkumar. 
2018. Assessment of heterosis for yield 
and its components in rice (Oryza sativa 
L.). Hand. 6(7): 8.

Nadarajan, N., N. Manivannan and M. Gunasekaran. 
2016. Quantitative genetics and biometrical 
techniques in plant breeding, Kalyani 
Publishers, Ludhiana, India 324 P.

Saha, S. R., L. Hassan, M. A. Haque, M. M. Islam 
and M. Rasel. 2019. Genetic variability, 
heritability, correlation and path analyses 
of yield components in traditional rice 
(Oryza sativa L.) landraces. J. Bangladesh 
Agricult. Univ. 17(1): 26-32.

Sahebi, M., M. M. Hanafi, M. Y. Rafii, T. M. M. 
Mahmud, P. Azizi, M. Osman and G. 
Miah. 2018. Improvement of drought 
tolerance in rice (Oryza sativa L.): 
Genetics, genomic tools, and the WRKY 
gene family. BioM. Res. Internat. 18: 
255-265.

Saidaiah, P. S., S. Kumar and M. S. Ramesha. 
2010. Combining ability studies for 
development of new hybrids in rice over 
environments. J. Agricult. Sci. 2(2): 225-
233.

Snedecor, G. W. and W. G. Cochran. 1967. 
Statistical methods. Ames, IA: Iowa State 
University.

Veeresha, B. A., N. G. Hanamaratti and P. M. 
Salimath. 2015. Heterosis and combining 
ability studies for yield and productivity 
traits in rice: A Review. Internat. J. Curr. 
Agricult. Res. 4(5): 120-126.




