
Abstract
An investigation was carried out to understand the nature and magnitude of gene action in 28 F1 hybrids of chickpea (Cicer arietinum L.) 
under timely (E1) and late sown (E2) conditions. The analysis of variance revealed a considerable amount of genetic variability among the 
materials under study in both environments. The significant difference of general combining ability (GCA) and specific combining ability 
(SCA) variances indicated that both additive and non-additive gene action played an important role in the genetic control of all the traits 
under both E1 and E2 conditions. The study identified CSJ-515 and HC-5 as the best combiners for seed yield and it contributing traits 
under both environments, whereas Avrodhi in timely sown and CSJD-884 and RSG 963 under late sown conditions. Significantly higher 
specific combining ability, heterosis, and heterobeltiosis were recorded in the crosses, CSJD 884 x RSG 963, CSJD 884 x RSG 973, CSJD 
884 x Avrodhi, RSG 963 x CSJ 515 in both the environment, while CSJD 884 x RSG 963 and RSG 973 x Avrodhi in late sown conditions. 
The identified F1 hybrids may be suitable for the improvement of grain yield in chickpeas for specific environments.
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Chickpea (Cicer arietinum  L.) is the major diploid (2n=16), 
self-pollinating grain legume crop with a rich source of 
protein (15–22%), carbohydrates (50–58%), fat (3.8–10.20%), 
vitamins, and micronutrients (Madurapperumage et al. 
2021). The protein content in chickpea genotypes rasnges 
from 12.6 to 30.5% (Singh 1985) and both kabuli and desi 
cultivars have marginal differences in protein contents. Kaur 
et al. (2019) reported tha the average crude protein content 
in desi, kabuli and wild species was found to be 25.31, 24.67 
and 24.30%, respectively. In India, chickpeas are grown in 
an area of 9.85 mha with a production of 11.99 mt and a 
productivity of 1217 kg/ha (Anonymous 2021). However, 
India covers about 70% of the acreage and is the world leader 
in terms of production. Yet, India imports about 0.5 mt of 
chickpeas annually (Sharma et al. 2020) to ensure the supply 
and requirements of the growing population.

Moreover, production and productivity has been 
stagnated in recent years. Therefore, intensive research 
work is needed to enhance the yield potential of chickpeas 
through genetic improvement of chickpea. As grain yield is a 
complex trait and inherited polygenically, the enhancement 
of the genetic potential of a chickpea genotype is of a 
tremendous challenge. The diallel analysis is one of the 
important approaches to recognizing the type and extent 

of gene effects and checking the ability of parents to make 
superior combinations. Since chickpea is a self-pollinated 
crop and the capacity for utilization by hybrid vigor will 
depend upon the type of gene action and magnitude of 
heterosis observed in different combinations to exploit the 
useful variability. The heterosis and inbreeding depression 
will have a straightforward effect on the breeding 
methodology employed in genetic gain. Therefore, a study 
was conducted to understand the nature and magnitude of 
gene action and degree of heterosis through the combining 
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ability analysis using diverse parents and crosses for an 
efficient breeding strategy. 

Eight parents, namely, RSG-888 (P1), CSJ-884 (P2), 
RSG-963 (P3), RSG-973 (P4), RSG-974 (P5), CSJ-515 (P6), 
Avrodhi (P7) and HC-5 (P8) were crossed in a diallel fashion in 
all possible combinations (excluding reciprocals) at Research 
Farm, Rajasthan Agricultural Research Institute (SKNAU), 
Durgapura, Jaipur during rabi 2019-20 and 2020-21 and 
the parents as well as the 28 F1 hybrids were evaluated in 
randomized block design with three replications in rows of 
3 m length under timely (E1) and late sown (E2) conditions 
in rabi 2021-22. The row-to-row and plant-to-plant distance 
were kept at 30 and 10 cm, respectively. Observations were 
recorded on days to first flowering, days to 50% flowering, 
days to first pod formation, days to last pod development, 
days to maturity, first pod height (cm), plant height (cm), 
number of primary branches/plant, number of secondary 
branches/plant, number of pods/plant, number of seeds/
pod, biological yield/plant (g), seed yield/plant (g), harvest 
index (%) and 100-seed weight (g). The combining ability 
analysis for parental genotypes and their crosses was carried 
out following method 2 and model I (fixed effect model) 

of Griffing (1956). Relative heterosis was projected as a 
percent increase or decrease in F1s over the mid parent as 
F1-MPx100/MP and Heterobeltiosis as F1-BPx100/BP (Fonseca 
and Patterson 1968), where F1 is the mean of F1s, MP is mean 
of parents and BP is mean of the better parent. Inbreeding 
depression was expressed as a per cent decrease observed 
in F2 over F1 as F1-F2 x 100/F1, where F2 is the mean of F2s.

The analysis of variance represents a considerable 
amount of genetic variability among the materials under 
study in both environments (Table 1). The significant 
difference of general combining ability (GCA) and specific 
combining ability (SCA) variances indicated that both 
additive and non-additive gene actions played important 
role in the genetic control of all the traits in both E1 and 
E2 conditions. Further, their variance ratio (predictability 
ratio) was less than unity illustrating the prevalence of 
non-additive gene actions. As reported earlier, the study 
indicated the importance of additive and non-additive 
gene actions (Salimath and Bahl 1985; Amadabade et al. 
2014; Jha et al. 2019). The parent CSJ-515 and HC-5 exhibited 
enviable GCA effects for seed yield per plant under both 
environments. Likewise, the parent Avrodhi demonstrated a 

Table 1. Analysis of variance for general and specific combining ability for different characters in chickpea under timely sown (TS) and late 
sown (LS) conditions

Characters Source of variations

GCA SCA Error GCA/SCA ratio

TS (E1) LS (E2) TS (E1) LS (E2) TS (E1) LS (E2) TS (E1) LS (E2)

Df 7 27 70 - -

DFF 17.46** 7.94** 6.05** 2.64** 0.46 0.30 0.30 0.33

DF 5.14** 8.01** 3.15** 3.17** 0.21 0.29 0.14 0.22

DFP 5.82** 7.37** 1.74** 1.69** 0.26 0.31 0.31 0.43

DLP 2.43** 3.40** 2.86** 2.25** 0.30 0.21 0.07 0.13

DM 17.91** 7.16** 9.59** 3.57** 0.81 0.58 0.16 0.18

FPH 4.81** 12.31** 2.62** 3.17** 0.36 0.64 0.16 0.38

PH 36.30** 18.01** 21.22** 11.75** 2.46 2.60 0.15 0.14

PB 0.24** 0.19** 0.17** 0.18** 0.05 0.03 0.13 0.09

SB 1.56** 0.54* 1.20** 0.96** 0.25 0.22 0.12 0.04

PP 200.02** 20.07** 65.49** 13.58** 11.46 0.57 0.29 0.12

SP 0.047** 0.05** 0.023** 0.03** 0.00 0.00 0.19 0.15

BY 55.11** 72.11** 10.50** 13.21** 0.37 0.66 0.45 0.47

SY 4.72** 4.87** 2.08** 1.42** 0.19 0.10 0.20 0.30

 HI 62.12** 39.44** 20.67** 12.80** 3.10 4.08 0.28 0.34

SW 1.08** 2.10** 1.62** 1.71** 0.33 0.27 0.05 0.11

*, **Significant at 5 and 1 per cent levels, respectively, Df= Degree of freedom; DFF= Days to first flowering; DF= Days to 50% flowering; DFP= 
Days to first pod formation; DLP= Days to last pod development; DM= Days to maturity; FPH= First pod height (cm); PH= Plant height (cm); PB= 
Number of primary branches/plant; SB= Number of secondary branches/plant ; PP= Pods/ plant; SP= Seeds/pod; BY= Biological yield/ plant (g); 
SY= Seed yield/plant (g); HI= Harvest index (%) and SW= 100-seed weight (g)
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significant positive GCA effect under the E1 condition though the parent 
CSJD-884 and RSG 963 in the E2 condition. The parent CSJ-515 is an 
excellent general combiner for seed yield and furthermore, it exhibited 
significant positive GCA for plant height, no. of pods/ plant, biological 
yield/plant, and harvest index in both E1 and E2 conditions, although 
for no. of seeds/pod in only E1 condition (Supplementary Table S1). The 
parent HC-5 exhibited good GCA for plant height, seeds per pod, harvest 
index, and 100-seed weight under both E1 and E2 conditions while for 
pods per plant in only E1 condition. Parent Avrodhi exhibited good GCA 
for plant height, pods per plant, and seeds per pod in both environments; 
however, for the number of secondary branches/plant, pods per plant, 
and seeds per pod in only the E2 condition. The parent CSJD-884 was 
found superior for days to flowering, seed weight, biological yield, pods 
per plant, and seeds per pod in E1 and for biological yield per plant in 
E2 condition, while RSG 963 showed desirable GCA for days to 50% 
flowering in both the environments and for biological yield per plant 
in only E2 condition. 

In self-pollinated crops like chickpea, SCA effects comprise 
comparatively less appropriate since it is expending of the non-additive 
gene effect exclusive of that it arises from complementary gene action or 
linkage effects and cannot be determined in pure lines. Jinks and Jones 
(1958) weighted that the preeminence of the hybrid may not delegate 
their capability to create transgressive segregants, rather, SCA would 
grant satisfactory measures. Though, if a hybrid enlightening high SCA 
as well as high per se  performance which has at least one parent as 
a good general combiner for a particular trait, it is expected that this 
hybrid would make available for advantageous transgressive segregant 
in later generations (Singh et al. 1992). Estimates of the SCA effects of 
the crosses are recapitulated in Supplementary Table S2. Nine crosses 
in both environments, two crosses only in E1 and five crosses in only E2 
condition, showed significant SCA effects for grain yield. None of these 
crosses depicted a significant SCA effect for all the traits studied but 
variable for different traits. However, many of these crosses had high SCA 
effects for yield-related traits like the number of primary and secondary 
branches/plant, pods per plant, seeds per pod, biological yield per plant, 
harvest index, and 100-seed weight, indicating their importance toward 
yield contribution. The crosses showed a high SCA effect resulting 
from crosses between parents with good x good or good x poor/poor 
x good general combiners, reflecting additive x additive type of gene 
action and accumulation of favorable genes from the parents and are 
especially relevant in self-pollinating crops like chickpea (Nagaraj et al. 
2002; Jha et al. 2019). Crosses namely CSJD 884 x RSG 963, CSJD 884 x 
HC 5, RSG 963 x CSJ 515, CSJ 515 x HC 5 possessed good x good parent 
in both environments, while crosses particularly RSG 888 x CSJD 884, 
RSG 888 x CSJ 515, CSJD 884 x RSG 973, CSJD 884 x Avrodhi, RSG 963 
x Avrodhi and RSG 973 x HC 5 concerning good x poor/poor x good 
parents. Using the biparental progeny selection method, it is possible 
to obtain some transgressive segregants from crosses combining good 
x good and good x poor combiners. The higher SCA effect was observed 
in the cross flanked by poor x poor general combiners might be due to 
the non-additive gene effects reflected and interactions of dominance x 
dominance gene action and could be conquered through hybridization 
and further selection. A wide range of heterosis and heterobeltiosis 
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has been expressed for seed yield per plant under both E1 
and E2 conditions. Among all the heterotic crosses, seven 
crosses under both environments, two in only E1, and five 
in only E2 condition were observed more heterobeltiotic for 
seed yield per plant (Table 2). Crosses that showed desirable 
relative heterosis and heterobeltiosis for seed yield were also 
heterotic for at least one or more component traits of yield. 
An overall evaluation of relative heterosis for seed yield per 
plant in both environments revealed that the maximum 
relative heterosis over mid-parent was observed by cross 
RSG-963 x CSJ-515 (E1) and CSJ-515 x HC-5(E2) while heterosis 
over better parent was observed by cross CSJ-884 x RSG-963 
(E1) and RSG-973 x HC-5 (E2). A higher level of heterosis in a 
cross indicated that the parents are genetically more diverse 
than other crosses. Thus the chance of obtaining superior 
segregants may increase with the increase in genetic 
distance between the parental lines (Hedge et al. 2007; 
Ghasemi et al. 2022). The inbreeding depression in F2 was 
changeable for different crosses and traits in both timely and 
late-sown conditions (Table 2). In the case of seed yield per 
plant, pods per plant, 100-seed weight, and harvest index, 
there was heterosis in the Fl generation but inbreeding 
depression in the F2 generation, showing the magnitude 
of non-additive genes for these traits in chickpeas. The 
segregating material generated through this study may 
be exploited for the selection of enviable recombinants in 
higher generations to develop high-potential varieties in 
chickpeas. Thus it is concluded that among eight parents 
taken for diallel analysis, parent CSJ-515 and HC-5 were good 
combiners for seed yield and contributing traits under both 
the environment while Avrodhi only in timely sown (E1) 
and CSJD-884 and RSG 963 in late sown (E2) environment. 
Crosses CSJD 884 x RSG 963, CSJD 884 x RSG 973, CSJD 884 x 
Avrodhi, RSG 963 x CSJ 515 in both, and CSJD 884 x RSG 963 
and RSG 973 x Avrodhi in late sown conditions found better 
based on combining ability and heterobeltiosis and can be 
included in the breeding programme for improvement of 
grain yield in chickpea in specific environments.

Supplementary material
Supplementary Tables S1 and S2 are provided, www.isgpb.
org
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