ESTIMATION OF COMBINING ABILITY IN EARLY GENOTYPES OF PIGEONPEA [Cajanus cajan (L.) Millsp.]
Abstract
The present investigation was conducted to estimate general combining ability (GCA), specific combining ability (SCA) and the nature of gene action for yield and associated traits in early pigeonpea genotypes [Cajanus cajan (L.) Millsp.]. Eight genotypes, namely ICPL-20338, ICPL-20340, ICPL-87, Pusa-991, Pusa-992, PA-16, PA-291 and AL-882, were crossed using a diallel mating design during Kharif 2022–23. A total of 36 entries, comprising eight parents and 28 F₁ crosses, were evaluated in a randomised block design with three replications during Kharif 2023–24 at the AICRP on Pigeonpea, Agricultural Research Station, Kota, Rajasthan. Observations were recorded for days to 50% flowering, days to maturity, plant height, primary branches per plant, number of pods per plant, pod length, number of seeds per pod, 100-seed weight, biological yield per plant, seed yield per plant, harvest index, protein content and carbohydrate content. Analysis of variance for combining ability showed significant GCA effects for all traits except pod length, whereas SCA effects were significant for all traits. The ratio of GCA variance to SCA variance was less than unity for all traits, indicating the predominance of non-additive gene action. Among the parents, ICPL-20338, ICPL-20340, ICPL-87 and Pusa-992 were identified as good general combiners for seed yield per plant and related traits. The crosses ICPL-87 × PA-16, ICPL-20340 × AL-882, Pusa-992 × PA-16, ICPL-20338 × AL-882 and ICPL-20338 × PA-291 showed desirable SCA effects for seed yield and important yield-attributing traits. The cross ICPL-20338 × ICPL-87 exhibited significant SCA effects for protein content and carbohydrate content. These parents and cross combinations may be useful in pigeonpea breeding programmes aimed at improving yield and associated traits.
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INTRODUCTION
Pigeonpea (Cajanus cajan (L.) Millsp.) is the sixth most important edible grain legume cultivated globally, occupying approximately 6 million hectares of agricultural land. The major pigeonpea-producing countries include India, Myanmar, Malawi, Tanzania and Kenya, with India accounting for the largest share of global production. The crop plays a vital role in supporting human and livestock nutrition, particularly in developing countries. The common name "pigeonpea" is believed to have originated in Barbados, where its seeds were traditionally used as feed for pigeons (Gowda et al., 2012). Owing to its high protein content, pigeonpea serves as a major dietary protein source for vegetarian populations and contributes substantially to nutritional security.
Pigeonpea is well adapted to hot and dry climatic conditions, making it an important component of agricultural production systems in the semi-arid tropics. In addition to its nutritional significance, the crop provides considerable agroecological benefits. As a leguminous species, it forms a symbiotic association with nitrogen-fixing bacteria, thereby enhancing soil fertility through biological nitrogen fixation and increasing soil organic carbon. These attributes improve soil health and promote the sustainability of cropping systems. Despite its agronomic and economic importance, the genetic improvement of cultivated pigeonpea remains constrained by its narrow genetic base and the limited availability of genotypes possessing high levels of resistance or tolerance to major biotic and abiotic stresses. These limitations continue to impede the development of high-yielding, climate-resilient and stress-tolerant cultivars. Recent studies have further emphasised that pigeonpea improvement requires the careful use of genetically diverse and stress-responsive parental material, particularly because drought, heat, waterlogging and disease pressures may influence yield stability and selection efficiency (Ahila Devi et al., 2025; Bakala et al., 2024; Ouma et al., 2024; Tyagi et al., 2023).
General combining ability (GCA) refers to the average performance of a line in hybrid combinations, whereas specific combining ability (SCA) describes the performance of particular hybrid combinations that are better or poorer than expected based on the GCA of their parents. GCA generally reflects additive gene action and is useful for parental selection, whereas SCA indicates non-additive gene action associated with particular hybrid combinations. Recent work on pigeonpea combining ability has similarly reported lower GCA variance than SCA variance for several quantitative and qualitative traits, supporting the relevance of assessing non-additive gene action in hybrid populations (Vardhini et al., 2024).
Research gap: Although combining ability studies in pigeonpea have identified useful parental lines and cross combinations, limited information is available on early genotypes evaluated under the agro-climatic conditions of Kota, Rajasthan, particularly for yield-related and biochemical traits within a diallel framework.
Objective: The present study aimed to estimate GCA, SCA and the nature of gene action for yield, yield-attributing and biochemical traits in early pigeonpea genotypes and their F₁ crosses.
MATERIALS AND METHODS 
The experimental material for the present investigation consisted of eight genotypes, namely ICPL-20338, ICPL-20340, ICPL-87, Pusa-991, Pusa-992, PA-16, PA-291 and AL-882. The crosses were made using a diallel mating (half-diallel with parents) design during Kharif 2022–23. A set of 36 entries, comprising eight parents and their 28 crosses, was evaluated in a randomised block design with three replications during Kharif 2023–24 at the AICRP on Pigeonpea, ARS, Kota, Agricultural University, Kota, Rajasthan. Each entry was sown in a single row of 4.0 m length, with row-to-row and plant-to-plant spacing of 60 cm and 20 cm, respectively. Observations were recorded through visual assessment and measurement of individual plants. Individual plant observations were recorded on five randomly selected competitive plants for plant height (cm), number of primary branches per plant, number of pods per plant, pod length (cm), number of seeds per pod, 100-seed weight (g), biological yield per plant (g), seed yield per plant (g), harvest index (%), protein content (%) and carbohydrate content (%), while days to 50% flowering and days to maturity were recorded on a plot basis. The data were compiled for analysis of variance for different traits using the method suggested by Panse and Sukhatme (1978). The data were subjected to analysis using a diallel mating design (Griffing, 1956; Method II, Model I) to obtain information on combining ability variance and effects and gene action.

RESULTS AND DISCUSSION
Analysis of variance for combining ability revealed that GCA variances were highly significant for all traits except pod length, whereas SCA variances were significant for all traits. The GCA/SCA variance ratio was less than unity, indicating that non-additive gene action had a greater role in the expression of all the traits (Table 1). In an often cross-pollinated crop such as pigeonpea, a high proportion of non-additive gene action may be useful for exploiting heterosis and for use in populations requiring considerable heterozygosity.
In the current study, none of the parents was a good general combiner simultaneously for all traits. High GCA together with high per se performance is desirable for selecting parents in a hybridisation programme. The parents ICPL-20338 and Pusa-992 showed positive GCA effects for primary branches per plant. The parents ICPL-20338, ICPL-20340 and Pusa-992 showed positive GCA effects for number of pods per plant. Hence, these parents could be utilised for the improvement of primary branches per plant and number of pods per plant. The parents ICPL-20338, ICPL-20340 and ICPL-87 showed positive GCA effects for number of seeds per pod, and the parents ICPL-20338 and ICPL-87 showed positive GCA effects for protein content and carbohydrate content. Hence, these parents could be utilised for improving number of seeds per pod, protein content and carbohydrate content.
The GCA effects of different parents for various traits indicated that four parents, namely ICPL-20338, ICPL-20340, ICPL-87 and Pusa-992, were good general combiners for seed yield per plant and yield-attributing traits. Further, the parent Pusa-991 showed high negative GCA effects for days to flowering and days to maturity (Table 2). Similar results were reported by Pawar and Tikka (2003), Phad et al. (2007), Yadav et al. (2008) and Shoba and Balan (2010). High GCA effects are related to additive gene effects and additive × additive interaction effects (Griffing, 1956), which represent the fixable component of genetic variation. Considering the overall performance of the GCA effects, these parents may be used in breeding programmes to take advantage of the additive and non-additive components of variation for yield and its contributing traits.
The cross combinations ICPL-87 × PA-16 (good × poor), ICPL-20340 × AL-882 (good × poor), Pusa-992 × PA-16 (good × poor), ICPL-20338 × AL-882 (good × poor) and ICPL-20338 × PA-291 (good × poor) exhibited significant positive SCA effects for seed yield per plant, along with pods per plant, seeds per pod, pod length and biological yield per plant. The cross combinations ICPL-20338 × ICPL-87, ICPL-20340 × ICPL-87 and ICPL-87 × AL-882 exhibited significant negative SCA effects for days to 50% flowering and days to maturity. The cross combinations ICPL-20338 × ICPL-87, ICPL-20338 × PA-291, ICPL-20340 × Pusa-991 and Pusa-992 × PA-16 exhibited significant positive SCA effects for protein content. In addition, the cross combinations ICPL-20338 × ICPL-87, ICPL-20338 × Pusa-991, ICPL-20340 × AL-882, ICPL-87 × PA-16, ICPL-87 × PA-291 and Pusa-991 × Pusa-992 exhibited significant positive SCA effects for carbohydrate content (Table 3). Similar results were reported by Kandalkar (2005), Acharya et al. (2009), Patel et al. (2013), Yamanura et al. (2016), Patel et al. (2020), : Vardhini et al. (2026), Gaur et al. (2025) and Sharma et al. (2026).
Thus, the parents ICPL-20338, ICPL-20340, ICPL-87 and Pusa-992 can be used as good general combiners in a hybridisation programme. The estimates of SCA in crosses suggested that ICPL-87 × PA-16, ICPL-20340 × AL-882, Pusa-992 × PA-16, ICPL-20338 × AL-882 and ICPL-20338 × PA-291 were promising and may be used in further breeding programmes for pigeonpea.


Conclusions
The study revealed significant variability among pigeonpea parents and their crosses for most of the traits evaluated. The significant GCA and SCA effects indicated the involvement of both additive and non-additive gene action in the inheritance of yield and related traits. However, the lower GCA/SCA variance ratio for all traits suggested a greater role of non-additive gene action in their expression. Among the parents, ICPL-20338, ICPL-20340, ICPL-87 and Pusa-992 were identified as useful general combiners for seed yield per plant and associated traits and may be considered for use in hybridisation programmes. The cross combinations ICPL-87 × PA-16, ICPL-20340 × AL-882, Pusa-992 × PA-16, ICPL-20338 × AL-882 and ICPL-20338 × PA-291 expressed desirable SCA effects for seed yield per plant along with important yield-contributing traits. These crosses may be further evaluated for their breeding value and potential use in developing improved pigeonpea material. Overall, the findings indicate that careful selection of suitable parents and promising cross combinations can support yield improvement in early pigeonpea genotypes.
Limitations
The present study was conducted using eight pigeonpea genotypes and their 28 diallel crosses at a single location during one evaluation season. Therefore, the results represent the performance of the material under the specific agro-climatic conditions of the Agricultural Research Station, Kota, Rajasthan. The estimates of GCA, SCA and gene action may vary under different environments, seasons and management conditions. The study was based on F₁ performance and did not include the evaluation of segregating generations, which is necessary to confirm the usefulness of the identified crosses in subsequent breeding cycles. Molecular marker analysis was not included; therefore, the genetic relationships among the parental lines were not assessed at the genomic level. The study also did not evaluate resistance to major biotic and abiotic stresses. Further multi-location and multi-season testing, along with evaluation in advanced generations, is needed before recommending the identified parents and crosses for wider breeding use.
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Table:1 Analysis of variance for combining ability for yield and its contributing traits 
	Characters
	Source of variance

	
	GCA 
(7)
	SCA
(28)
	Error 
(70)
	σ 2GCA
	σ 2SCA
	σ 2GCA/ σ 2SCA

	Days to 50% flowering
	6.175**
	12.916**
	0.669
	0.55
	12.24
	0.044

	Days to maturity 
	14.335**
	10.965**
	1.878
	1.24
	9.08
	0.137

	Plant height
	85.694**
	141.031**
	29.123
	5.65
	111.90
	0.050

	Primary branches per plant
	0.628**
	2.624**
	0.135
	0.04
	2.48
	0.019

	 No. of pods per plant
	464.135**
	798.735**
	36.130
	42.80
	762.60
	0.056

	No. of seed per pod
	0.393**
	0.171**
	0.046
	0.03
	0.12
	0.276

	Pod length
	0.084
	0.264**
	0.049
	0.01
	0.21
	0.016

	100- seed weight
	0.458**
	0.510**
	0.096
	0.03
	0.41
	0.087

	Biological yield per plant
	448.760**
	444.751**
	25.559
	42.32
	419.19
	0.100

	Seed yield per plant
	69.694**
	26.780**
	1.918
	6.77
	24.86
	0.272

	Harvest index
	30.528**
	8.473**
	2.567
	2.76
	5.90
	0.473

	Protein content 
	1.408**
	0.938**
	0.233
	0.11
	0.70
	0.166

	Carbohydrate content 
	17.009**
	25.960**
	0.289
	1.67
	25.67
	0.065


 *, ** significant at 5 per cent and 1 per cent levels of probability, respectively
Table: -2 Estimates GCA effects for different traits in pigeonpea 
	Parents 
	DFF
	DM
	PH
	PBPP
	NPPP
	NSPP
	PL
	100-SW
	BYPP
	GYPP
	HI
	PC
	CC

	ICPL-20338
	-0.08
	-0.33
	0.18
	0.35**
	6.48**
	0.17**
	0.14*
	0.05
	6.06**
	3.91**
	2.50**
	0.66**
	1.12**

	ICPL-20340
	-0.15
	0.06
	3.68*
	0.08
	7.26**
	0.21**
	0.09
	0.30**
	2.60
	3.80**
	2.52**
	0.36*
	-0.69**

	ICPL-87
	0.48*
	-1.74**
	-3.26*
	0.13
	2.47
	0.18**
	0.01
	0.09
	1.58
	2.09**
	2.45**
	0.30*
	1.72**

	Pusa-991
	-1.40**
	-1.57**
	-5.26*
	-0.14
	-4.95 **
	-0.03
	-0.04
	0.02
	-6.43**
	-1.26**
	-0.01
	-0.07
	0.18

	Pusa-992
	1.01**
	1.15**
	-0.04
	0.46**
	10.48**
	-0.01
	-0.06
	0.32**
	11.40**
	3.50*
	-0.93
	-0.18
	-2.15**

	PA-16
	-1.65**
	0.08
	1.55
	-0.23*
	1.07
	0.01
	0.04
	-0.39**
	-4.20**
	-0.71
	0.47
	0.17
	-1.00**

	PA-291
	0.31
	0.78
	1.06
	-0.29**
	-5.52**
	-0.36**
	-0.13*
	0.25**
	-8.53**
	-3.12**
	-1.43**
	-0.45**
	-0.35*

	AL-882
	-0.28
	1.55**
	3.85*
	0.13
	-9.36**
	-0.16**
	-0.04
	-0.18
	-2.48
	-1.41**
	-0.95*
	-0.18
	1.16**

	SE
	0.24
	0.41
	1.60
	0.11
	1.78
	0.06
	0.07
	0.09
	1.50
	0.41
	0.47
	0.14
	0.16

	gi-gj
	0.37
	0.61
	2.41
	0.16
	2.69
	0.10
	0.10
	0.14
	2.26
	0.62
	0.72
	0.22
	0.24


 *, ** significant at 5 per cent and 1 per cent levels of probability, respectively
Table:3. Estimates SCA effects for different traits in pigeonpea 
	Crosses 
	DFF
	DM
	PH
	PBPP
	NPPP
	NSPP
	PL
	100-SW
	BYPP
	GYPP
	HI
	PC
	CC

	ICPL-20338 × ICPL-20340
	4.21**
	6.24**
	15.09**
	1.59**
	23.56**
	0.24
	0.56**
	-0.12
	11.37*
	2.22
	-0.50
	-0.32
	-1.30*

	ICPL-20338 × ICPL-87
	-7.41**
	-5.37**
	-2.53
	0.89*
	18.07**
	0.32
	-0.24
	-0.08
	7.96
	3.15*
	1.26
	0.94*
	5.59**

	ICPL-20338 × Pusa-991
	2.38**
	-2.87*
	4.85
	0.60
	-25.7**
	-0.67**
	0.26
	0.08
	14.03**
	-2.59*
	-4.18**
	-1.12*
	10.13**

	ICPL-20338 × Pusa-992
	-1.61*
	-1.27
	-2.61
	0.28
	-5.11
	-0.17
	0.48*
	-0.29
	0.68
	3.34*
	1.94
	-0.65
	-2.50**

	ICPL-20338 × PA-16
	-4.65**
	2.32
	-13.07*
	1.19**
	-43.0**
	-0.47*
	-0.86**
	0.70*
	-57.5**
	-8.06**
	4.91**
	-0.46
	-0.14

	ICPL-20338 × PA-291
	4.38**
	-2.87*
	-10.64*
	-3.12**
	15.66**
	0.68**
	0.28
	1.09**
	19.95**
	6.56**
	2.28
	1.48**
	-0.37

	 ICPL-20338 × AL-882
	3.08**
	4.75**
	12.68*
	1.00**
	38.06**
	0.51*
	0.49*
	1.08**
	15.51**
	6.81**
	2.69
	0.06
	-0.86

	ICPL-20340 × ICPL-87
	-2.68**
	-6.77**
	0.35
	-0.29
	-66.3**
	-0.66**
	-0.55*
	0.33
	-32.5**
	-9.16**
	-3.24*
	-1.12*
	-2.49**

	ICPL-20340 × Pusa-991
	-2.21**
	1.38
	8.13
	0.90**
	27.58**
	0.46*
	0.54*
	-0.61*
	21.68**
	3.83**
	-0.22
	1.60**
	-0.53

	ICPL-20340 × Pusa-992
	1.11
	-2.67*
	-3.44
	0.33
	10.82
	-0.56**
	-0.71**
	-0.66*
	6.47
	2.74*
	1.24
	-0.56
	-0.57

	ICPL-20340 × PA-16
	3.41**
	0.92
	-15.8**
	-3.64**
	-37.8**
	0.42*
	0.40
	0.43
	-43.8**
	-8.77**
	-0.09
	1.60**
	-1.92**

	ICPL-20340 × PA-291
	3.78**
	-2.27
	-3.97
	0.99**
	13.83*
	0.01
	-0.24
	0.19
	18.12**
	-2.63*
	-4.09**
	0.146
	-3.98**

	ICPL-20340 × AL-882
	3.81**
	-1.64
	16.50**
	-0.31
	36.16**
	0.50*
	0.72**
	0.51
	19.46**
	7.17**
	2.75
	0.60
	11.18**

	ICPL-87 × Pusa-991
	2.14**
	1.53
	0.89
	0.25
	25.66**
	-0.06
	-0.35
	-0.29
	12.20*
	2.09
	0.15
	0.458
	-0.26

	ICPL-87 × Pusa-992
	1.14
	3.13*
	-7.37
	0.02
	4.42
	0.08
	-0.147
	0.673 *
	-2.988
	-1.23
	-0.20
	-1.56**
	-4.25**

	ICPL-87 × PA-16
	1.44
	3.73**
	12.66*
	1.21**
	31.71**
	0.22
	0.57**
	0.18
	21.60**
	12.03**
	5.91**
	-0.24
	4.87**

	ICPL-87 × PA-291
	4.81**
	2.53
	3.51
	-2.96**
	-16.8**
	0.17
	0.33
	-0.91**
	14.77**
	1.64
	-0.29
	0.22
	10.28**

	ICPL-87 × AL-882
	-2.15**
	-3.50**
	-10.01
	0.29
	-44.7**
	-0.62**
	-0.62**
	0.65*
	4.75
	-3.67**
	-3.21*
	0.22
	4.05**

	Pusa-991 × Pusa-992
	1.28
	1.63
	-4.22
	0.32
	-16.7**
	0.03
	-0.13
	0.35
	7.51
	1.53
	0.18
	-0.11
	3.39**

	Pusa-991 × PA-16
	0.91
	0.89
	-1.50
	-1.12**
	17.97**
	-0.07
	-0.22
	0.13
	19.77**
	0.13
	-2.86
	0.39
	-2.59**

	Pusa-991 × PA-291
	-0.38
	0.69
	-10.26 *
	1.28**
	29.38**
	-0.40*
	-0.71**
	1.08**
	-21.9**
	-0.79
	2.75
	0.50
	-5.03**

	Pusa-991 × AL-882
	1.31
	1.33
	-12.72*
	-3.37**
	-6.81
	0.32
	-0.19
	-0.15
	-18.6**
	-1.89
	1.07
	0.90*
	-0.01

	Pusa-992 × PA-16
	0.24
	-1.16
	-0.19
	-1.84**
	18.80**
	0.07
	0.63**
	0.33
	11.35*
	7.07**
	3.36*
	1.46**
	0.01

	Pusa-992 × PA-291
	-3.38**
	-1.36
	17.69**
	0.01
	-1.09
	0.15
	0.15
	0.42
	2.48
	-0.52
	-0.66
	0.37
	-2.40**

	Pusa-992 × AL-882
	-4.01**
	-1.40
	11.77 *
	0.94**
	2.74
	0.09
	0.24
	0.44
	-1.57
	-4.28**
	-2.91
	-0.77
	-2.52**

	PA-16 × PA-291
	-4.41**
	-1.43
	-23.85*
	-0.02
	6.19
	0.06
	0.007
	-0.75*
	10.98*
	1.18
	-0.95
	-0.29
	6.58**

	PA-16 × AL-882
	-4.05**
	-5.46**
	0.31
	-0.81*
	-6.99
	-0.13
	-0.16
	-1.50**
	9.28
	-2.63*
	-3.80*
	-1.16*
	-3.92**

	PA-291 × AL-882
	1.31
	4.66**
	10.37*
	0.52
	17.05**
	0.36
	0.63**
	0.39
	-19.9**
	-0.92
	2.23
	-0.01
	-0.59**

	SE
	0.74
	1.24
	4.89
	0.33
	5.45
	0.19
	0.20
	0.28
	4.58
	1.26
	1.45
	0.44
	0.49

	gi-gj
	1.10
	1.84
	7.24
	0.49
	8.06
	0.29
	0.30
	0.42
	6.78
	1.86
	2.15
	0.65
	0.72


*, ** significant at 5 per cent and 1 per cent levels of probability, respectively 
