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ABSTRACT

 Increasing incidence of heat stress (HS) is appearing as an important abiotic stress, limiting chickpea (Cicer 
arietinum L.) yield globally. Therefore, understanding of the nature of gene action of yield- related traits could help in 
breeding heat tolerant chickpea genotype for its sustainable production under HS. In the present investigation a total 
of six chickpea genotypes, viz. ICC 4958, ICC 92944, ICC 1205, DCP 92-3, ICC 96030 and KWR 108 were used as 
parents for 6 × 6 diallel analysis (excluding reciprocal crosses) to estimate gene action for various phenological and 
yield-related traits by growing them under normal sown (NS) and late sown (LS) conditions. Genetic analysis revealed 
the presence of both additive and non-additive genetic variances. However, higher magnitude of general combining 
ability (GCA) variance than specific combining ability (SCA) variance, with predictability ratio > 0.5 for most of the 
traits studied under both NS and LS conditions indicated preponderance of additive gene action. The estimates of GCA 
effects revealed that the parents ICC 92944 and KWR 108 were better general combiners for yield and yield- related 
traits, under both NS and LS conditions. Likewise, ICC 4958 × ICC 92944 (under both conditions) and DCP 92-3× 
KWR 108 (under LS) F1 crosses were the most suitable cross combinations for yield and yield-related traits. High 
estimates of broad sense heritability for most of the traits, and low to medium estimates of narrow sense heritability 
for the studied traits were noted under both conditions. Therefore, inclusion of parent with high GCA effect in cross-
breeding programme could be a potential strategy for improving HS tolerance in chickpea.
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Chickpea (Cicer arietinum L.) ranks as the second 
most important grain legume crop grown across the world 
(FAO 2016). Being a grain legume, chickpea serves as an 
affordable source of plant-based dietary protein and vital 
mineral nutrients to the malnourished human population 
in the developing countries, thus it helps in combating 
protein based global food insecurity (Bohra et al. 2014). 
Annually, a total of 13.73 million tonnes of chickpea is 
harvested from 13.98 Mha area worldwide (FAO, 2016). 
Predominantly, it is grown in semi-arid and arid region of 
sub-Sahara and Asian countries under rainfed and poor 
resource conditions (Gaur et al. 2012). Chickpea yield is 
seriously challenged by various biotic and abiotic stresses 
(Jha et al. 2014a). Simultaneously, increasing episodes of 
heat stress (HS) events under the uncertainties of global 
climate have imposed serious challenge on plant growth 
and yield in various crops including chickpea worldwide 

(Hasanuzzaman et al. 2013, Jha et al. 2014b, Jha et al. 
2017). Significant alteration in reproductive phenology in 
chickpea has been witnessed in tropical and sub-tropical 
countries including northern part of India due to increasing 
events of HS, resulting in serious concern for chickpea yield 
(Krishnamurthy et al. 2011). Consequences of HS received 
during reproductive phase inhibit vital processes such as 
pollen formation, pollen tube germination and fertilization, 
resulting in poor pod and seed setting, and ultimately causing 
significant yield loss in chickpea (Devasirvatham et al. 
2012, Devasirvatham et al. 2013, Jha et al. 2017, 2018). 
Notably, increase in 1°C temperature beyond the optimum 
temperature during chickpea growing season may cause yield 
loss up to 15% (Upadhyaya et al. 2011). In this context, 
several efforts is terms physiology based studies have been 
made to improve the current understanding of physiological 
basis of HS tolerance in chickpea (Devasirvatham et al. 2012, 
Kumar et al. 2012, Devasirvatham et al. 2013, Kaushal et al. 
2013, Jumrani and Bhatia 2014). However, limited genetic 
inheritance studies on yield-related and phenological traits 
under HS have constrained the progress of development 
of heat-tolerant chickpea. Therefore, breeding of improved 
chickpea genotypes with high genetic yield potential under 
HS has become one of the prime breeding objectives. 
HS tolerance is a complex trait, and mostly governed by 
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Broad sense heritability, h2
bs = additive variance + 

dominance variance/phenotypic variance, and narrow sense 
heritability, h2

ns = additive variance/phenotypic variance, 
was calculated by the method suggested by Wray and 
Visscher (2008).

RESULTS AND DISCUSSION

Genetic variability of traits in chickpea diallel crosses 
under NS and LS conditions 

The statistical analysis suggested significant difference 
among parents and their 15 F1 crosses for all the traits 
studied under NS and LS conditions (Table 2). The results 
revealed presence of significant amount of genetic variability 
in the given parents and their F1 hybrids, that provides a 
great opportunity for selecting and utilizing these traits 
for yield improvement in chickpea under HS. ANOVA for 
combining ability suggested variances due to GCA and 
SCA of all the ten traits studied were significant under NS 
and LS conditions (Table 2). The results of significant GCA 
and SCA variance for the given traits under both conditions 
indicated presence of both additive and non-additive gene 
action controlling the traits. The results were consistent with 
the result observed by Malemba et al. (2017) in rice and Mia 
et al. (2017) in wheat under drought stress. Moreover, high 
predictability factor also supported that most of the traits 
were under the control of preponderant additive gene action 
under both conditions. In the context, Bicer and Sakar (2008) 
recorded higher magnitude of additive gene effects for the 
various phenological and yield-related traits investigated in 
chickpea. Likewise, significant additive genetic effects were 
noted for two important traits, viz. flower bud formation and 
pod filling traits under HS in common bean (Shonnard and 
Gepts 1994). Likewise, Naveed et al. (2016) also recorded 
higher additive variance for yield-related traits under HS in 
maize. However, Rainey and Griffiths (2005a) explained that 
pods/plant was under the control of dominant gene action in 
common bean under HS. Reduction in PH, TPOD/P, BYPP, 
and YPP grown under LS confirmed serious loss in yield 
attributes due to incidences of HS during reproductive phase. 
Reduction in YPP in chickpea was previously suggested 
(Kalra et al. 2015, Jha et al. 2018). 

Mean performance of parents and their hybrids for yield 
and yield-related traits

The mean value of the parents and the respective 
crosses (Table 3) revealed that the P5 and P2 parents 

polygenes (Upadhyaya et al. 2011), and is highly influenced 
by genotype × environment (G × E) interaction. Thus, 
genetics of HS tolerance remains poorly understood in 
chickpea. Therefore, to gain insights into the genetics 
of HS tolerance, a preliminary study was conducted to 
understand the gene action for various traits of phenological 
and yield importance in chickpea grown under both NS 
and LS conditions through diallel cross analysis. Thus, 
deciphering the genetic inheritance of various phenological 
and yield related traits could provide excellent opportunity to 
incorporate the yield-related traits and the promising cross-
combinations into the chickpea breeding programme. This 
could help in developing chickpea cultivars to tackle the 
growing challenges of HS and providing sustainable yield.

MATERIALS AND METHODS
 A total of six parents (Table 1) were selected and crossed 

in a diallel model (Griffing 1956a) during the year 2016-17. 
The resultant 15 cross combinations excluding reciprocals 
along with the parents were grown under normal sown (NS) 
[third week of November] and late sown (LS) [first week 
of January] conditions at the experimental farm of Indian 
Institute of Pulses Research (26º29' N, 80º16'E and 130 m) 
Kanpur during the next growing season of year 2017-18. 
In order to know the response of studied traits under HS, 
the parental and F1 were planted under LS to face HS. All 
the parents and F1’s were grown in randomized complete 
block design (RCBD) with three replications. Each plot 
consisted of one ridge of 3 m length and 30 cm width. Plant 
to plant spacing was 10 cm. Same agronomic packages and 
practices were followed and two irrigations were given for 
each set of trial. Five competitive plants were randomly 
sampled from each plot during harvest. The following traits: 
days to first flowering (FF), plant height (PH), days to pod 
initiation (DPI), days to pod filling (DPF), days to maturity 
(DM), total pods/plant (TPOD/P), empty pods/plant (EP/P), 
biological yield/plant (BYPP), yield/plant (YPP), 100 seed 
weight (100 SW) were studied for the given experiment.

Statistical computations and estimations were performed 
by using INDOSTAT software. Half diallel analysis relying 
on Griffing’s method I of model II was performed by using 
the same software. Significant genetic variance of each trait 
was further partitioned to GCA, SCA, and experimental 
error. Progeny performance could be predicted by estimating 
the predictability ratio = 2δ2GCA/ (δ2SCA+2 δ2GCA) [Baker 
1978], where, δ2GCA =Mean square due to GCA, δ2SCA 
= Mean square due to SCA.

Table 1  Chickpea genotypes used for diallel analysis

Code Genotype Source Status Pedigree
P1 ICC4958 ICRISAT, Patancheru, India Accession
P2 ICC92944 ICRISAT, Patancheru, India Released variety (GW 517 × P 326) × ICCL 83149
P3 DCP92-3 IIPR, Kanpur, India Released variety Selection

P4 ICC1205 ICRISAT, Patancheru, India Accession
P5 ICC96030 ICRISAT, Patancheru, India Accession
P6 KWR108 CSAUA&T, Kanpur, India Released variety Selection from genetic stock P108

GENE ACTION AND COMBINING ABILITY ANALYSIS IN CHICKPEA
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performance to the F1 cross progenies. GCA remains an 
important parameter for representing the performance of 
parent involved in crossing with another parent, and it is 
related to additive gene action of parental genes. Thus, 
GCA remains instrumental in selecting superior parent 
plants in crop breeding programme. Estimates of GCA 
effects recorded for the studied traits in all the parental 
genotypes are given in Table 4. For phenology related traits 
such as FF trait, the parent P1 showed desirable, highly 
significant and negative GCA effect under both NS and 
LS, and P3 and P5 exhibited high and significant positive 
effect under LS. Concerning PH trait, P2, P5 and P6 parents 
exhibited high and significant GCA effect under NS, and 
P6 displayed high and significant GCA effect under LS. 
While for DPI trait, P1, P2, and P5 parents showed high 
and significant desirable negative GCA effects under NS, 
whereas only P1, P2 parent showed high and negatively 
significant GCA effect under LS. Importantly, P1 and P2 
parents (under both conditions) and P5 parent (under NS) 
showed negative and significant GCA effects for DPF 
trait. Moreover, for DM trait P1 and P5 parents revealed 
negative and significant GCA effects under (NS) and P1, 
P2 and P6 showed negative and significant GCA effects 
under LS conditions (see Table 4). Thus, ICC 4958, ICC 
92944 and ICC 96030 parents can be employed as donor 
for transferring early phenological traits for improving HS 
tolerance in chickpea. Similarly, Murtadha et al. (2018) 
identified important donor for early days to tasselling in 
maize under water stress. Notably, for yield-related traits 
such as TPOD/P, P6 parent showed positive and highly 
significant GCA effects under NS (4.83) and LS (1.50) 
conditions. The desirable highly negative significant GCA 
effect for EP/P was recorded for P1 (under NS) and for P2 
(under LS). For BYPP and 100 SW traits, the following 
parents P2 and P6 (under NS) and P2 (under LS) showed 
high and significant positive GCA effects. While for YPP, 
ICC 92944 (3.23) and ICC 1205 (0.97) parents (under NS) 
and KWR 108 (0.51) parent (under LS) revealed high and 
positive significant GCA effects. Taking note of 100SW 
trait, ICC 92944, ICC 96030 and KWR 108 parents (under 
NS) and KWR 108 parent (under LS) exhibited high and 
positive significant GCA effects. Therefore, P2 (ICC 92944) 
and P6 (KWR 108) parents could be potentially utilized as 
good general combiners for improving the above mentioned 
yield-related traits under both conditions in chickpea. 

The SCA effect enables us to estimate the non-additive 
gene effects. The values of SCA effects are given in Table 
5. A set of eight crosses (P1 × P2, P1 × P4, P1× P5, P1×P6, 
P2 × P3, P2 × P6, P3 × P5, and P4 × P5) showed positive 
and high significant SCA effect for FF trait under NS. The 
cross combinations (P1 × P2, P1 × P5, P2 × P4, P4 × P5 
and P4 × P6) displayed desirable negative and significant 
SCA effects under LS. For PH trait, (P1 × P2, P3 × P6, P4 
× P5 and P5 × P6) parental combinations revealed high 
and positive significant SCA effect under NS and P1 × P2 
and P3 × P5 cross-combinations showed high and positive 
significant SCA effects under LS. Three F1’s (P1 × P2, P1 

appeared to be the earliest for FF trait that ranged from 
37.3 to 47 days under NS and 33 to 42 days under LS. 
In this context P1 × P4 and P5 × P6 cross-combinations 
under NS, and P3 × P6 and P1 × P4 cross-combinations 
under LS were the earliest for FF with 44-50.3 days and 
36.7-41.7 days, respectively. For PH, P2 and P6 parents 
possessed highest values ranging from 54.4 cm to 56.1 cm 
under NS, whereas P1 and P2 showed highest PH value 
(33.1-33.2 cm) under LS. The cross-combination P5 × P6 
showed highest value for PH (34.9cm) under LS. The parent 
P5 displayed earliest for DPI with 57.3 days under NS and 
P2 exhibited earliest for this trait with 53.7 days under 
LS condition. For DPF and DM traits P5 parent remained 
promising with the earliest values of 77 days and 108 days, 
respectively under NS. Under LS condition the P2 parent 
appeared earliest for DPF (66 days) and DM (87.3 days) 
traits. Thus, this parent could be used in chickpea breeding 
for developing early chickpea genotype for escaping HS. In 
terms of yield related traits the parent P1 (ICC4958) had the 
highest number of pods per plant (60) under NS. Several F1 
crosses (P1 × P2, P1 × P3, P1 × P4, P1 × P5, P1 × P6, P2 
× P3, P2 × P4, P2 × P6, P3 × P4, P3 × P5, P3 × P6, P4 × 
P5, P4 × P6 and P5 × P6) showed the high values for this 
trait under NS. Likewise P1 (ICC4958) provided highest 
TPOD/P under LS. The following crosses (P1 × P2, P1 × 
P3, P1 × P4, P1 × P5, P2 × P3, P2 × P4, P4 × P6 and P5 
× P6) depicted high values for TPOD/P. Thus, these F1s 
could be effectively exploited for developing superior HS 
tolerant chickpea genotypes. Under NS considering BYPP 
trait, P1 parent showed highest value (26.7g), and P2 parent 
depicted highest value under LS. The F1 (P1 × P6, P2 × 
P3, P2 × P4, P2 × P5, P2 × P6, P1 × P3, and P1 × P4) 
possessed highest value for this trait under NS, whereas, 
P1 × P3, P1 × P4, and P1 × P5 cross-combinations showed 
highest value for the same trait under LS. Importantly, the 
parent P3 revealed highest yield per plant, YPP (18.7g) 
under NS and P2 showed highest value (6.52 g) for this 
trait under LS. The following F1s (P4 × P6, P5 × P6, P3 
× P5, P2 × P6 and P2 × P5) showed highest value for this 
trait under NS and P2 × P6 cross showed highest value for 
this trait under LS condition. Notably for 100-seed weight 
trait (100 SW), P1 (ICC 4958) and P6 (KWR 108) showed 
highest values under NS and LS conditions, respectively. 
A total of four F1s (P1 × P6, P1 × P4, P3 × P6 and P5 × 
P6) possessed highest value for this trait under NS and 
three cross-combinations P1 × P3, P1 × P4 and P4 × P6 
exhibited the highest values under LS. Thus, the parents 
and F1 cross-combinations exhibiting superior performance 
for the traits under heat stress condition could be utilized in 
crop breeding programme for improving heat stress tolerance 
in chickpea. These results are in close agreement with the 
results obtained in cotton (Rahman 2006), in wheat (Yildirim 
et al. 2009), and in maize (Naveed et al. 2016) under HS.

Combining ability 
Combining ability introduced by Sprague and Tatum 

(1942) explains the ability of a parent to transfer its superior 

JHA ET AL.
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Table 4  Estimate of general combining ability effects of parents for different traits

Trait E P1 P2 P3 P4 P5 P6

FF NS -1.764 ** -2.889 ** 1.153 ** 4.194 ** -1.472 ** 0.778 *

LS -2.875 *** 0.625 * 2.417 *** 0.458 1.958 *** -2.583 ***

PH NS 0.143 1.593 ** -4.278 ** -0.549 1.301 ** 1.789 **

LS 0.335 -0.511 -0.636 * -0.294 -0.382 1.489 ***

DPI NS -2.056 ** -2.514 ** 1.444 ** 3.236 ** -1.639 ** 1.528 *

LS -1.236 * -1.944 *** 0.306 -0.653 2.847 *** 0.681

DPF NS -1.361 ** -2.111 ** 0.972 ** 2.722 ** -1.361 ** 1.139 **

LS -2.083 *** -1.250 *** -1.125 *** 0.583 * 2.708 *** 1.167 ***

DM NS -2.500 ** 1.792 ** 1.333 ** 1.667 ** -3.333 ** 1.042 **

LS -1.958 *** -1.708 *** 2.500 *** 1.000 * 1.250 ** -1.083 *

TPOD/P NS -13.292 * 4.875 ** 4.042 ** -0.458 0 4.833 **

LS -3.917 *** 0.792 0.542 0.542 0.542 1.500 ***

EP/P NS -0.278 * -0.528 ** -0.153 0.264 * 0.389 ** 0.306 *

LS -0.028 -0.444 * 0.389 * 0.139 0.014 -0.069

BYPP NS -0.919 1.714 ** -2.761 ** 0.126 -0.207 2.047 **

LS -1.238 ** 1.021 * 0.272 -0.27 0.302 -0.087

YPP NS -2.350 ** 3.238 ** 0.021 0.979 ** -0.525 -1.363 **

LS -0.602 *** 0.286 -0.043 -0.092 -0.067 0.518 **

100 SW NS -0.403 3.085 ** -1.640 ** -2.532 ** 0.693 ** 0.797 **

 LS 0.269 0.014 -1.287 *** -0.16 -1.313 *** 2.477 ***

*P < 0.05; **P < 0.01; ***P < 0.001. E = environment

P5, P1 × P6, P2 × P3, P2 × P4, P3 × P4, P3 × P5, P3 × 
P6 and P5 × P6) exhibited positive and highly significant 
SCA effect under NS.

In order to maximize desirable plant traits, it requires 
at least one parent in crossing programme having high GCA 
effect and additive effect that can complement the epistatic 
effects of other parent in the same direction (Singh and 
Chaudhary 1995, Murtadha et al. 2018). Considering this, 
ICC 92944 displayed positive and significant GCA effect 
under NS and KWR 108 showed positive and significant 
GCA effect under LS. These two parents produced some 
important crosses such as P1 × P2, P2 × P5, P4 × P6, P5 
× P6 (under NS) and P3 × P6, P1 × P2 (under LS) which 
exhibited high and significantly positive SCA effects 
for these traits. Thus, KWR 108 and ICC 92944 parents 
and DCP 92-3 × KWR 108 and ICC 92944 × ICC 4958 
crosses could be utilized for development of HS tolerance 
in chickpea breeding programme. These results were 
in agreement with the results suggested by Rainey and 
Griffiths (2005b) in common bean under HS, Zeinab and 
Hilal (2014) in faba bean, Rodrigues et al. (2018) in cowpea 
under drought stress. 

Heritability of traits
Estimates of broad sense heritability, for all the traits 

studied, showed high values that ranged from 64% (for 
EP/P) to 99.4% (DPI) under NS and from 64.6% (EP/P) 

× P6, and P2 × P4) depicted negative and high significant 
SCA effects under NS for DPI. The P1 × P2, P2 × P4, P2× 
P5 and P4 × P6 crosses displayed desirable negative and 
significant SCA effects for this trait under LS. 

Two F1s (P1 × P6, P2 × P4) exhibited highly significant 
and negative SCA effects, and P1 × P2 and P1 × P5 crosses 
exhibited high and negative significant SCA effects for DPF 
trait under NS. Likewise, P1 × P2, P1 × P5, P2 × P6 and 
P3 × P5 crosses displayed negative significant SCA effects 
for the same trait under LS. Negative and highly significant 
SCA effects were recorded for DM in four F1s (P1 × P4, 
P2 × P5, P3 × P6 and P4 × P6). P1 × P2, P1 × P5 and P3 
× P6 cross-combinations depicted negative and significant 
SCA effects for DM under LS. A total of 10 F1s exhibited 
positive and significant values for TPOD/P trait under NS. 
Concerning BYPP, only four F1s (P1×P2, P4 × P5, P4×P6 
and P5 × P6) showed positive and highly significant SCA 
effect under NS. While, only P2 × P3 cross displayed positive 
and highly significant SCA effect under LS. Taking note 
of YPP trait three F1s (P1 × P2, P1 × P4, P2 × P5 and P3 
× P5) revealed positive and high significant effects under 
NS. Importantly, ICC 4958 × ICC 92944, ICC 1205× ICC 
96030 and DCP 92-3 × KWR 108 crosses displayed positive 
and significant SCA effect under LS. For 100SW, a total 
of seven F1s (P1 × P3, P1 × P6, P2 × P4, P3 × P4, P3 × 
P5, and P3 × P6) showed high and positive SCA effects. 
Likewise, for this trait a total of nine F1s (P1 × P2, P1 × 
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additive genetic variability is involved in the expression of tissue 

to 98.6% (100SW) under LS. Whereas estimates of narrow 
sense heritability was high for EP/P (56%) and low (8.3%) 
for 100SW trait under NS, and high narrow sense heritability 
(44.9%) for TPOD/P and low narrow sense heritability 
(8.3%) for EP/P were evident under LS. Considering broad 
sense heritability, 100SW, FF traits showed high broad sense 
heritability under NS. Similar results have been reported 
by Bicer and Sakar (2008) in chickpea, Toker et al. (2004) 
in faba bean and Mia et al. (2017) in wheat for various 
physiological and yield-related traits under drought stress.

Conclusion
The present study was aimed at understanding the 

gene action of various yield-related traits under HS through 
combining ability analysis in chickpea. It helped selecting 
parental genotypes possessing high GCA and producing 
superior cross-combinations with high SCA under HS 
for improving chickpea yield. Combining ability analysis 
indicated presence of both additive and non-additive gene 
action, controlling the studied traits with preponderance 
of higher additive gene action. Therefore, selection of 
superior crosses with high SCA, through incorporating 
parents possessing high GCA could be one of the potential 
breeding strategies for developing heat tolerant chickpea 
variety. 
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