COMBINING ABILITY STUDY IN PIGEONPEA (Cajanas Cajan (L.) Mill.) UNDER DIFFERENT ENVIRONMENTS FOR YIELD CONTRIBUTING CHARACTERS
 
ABSTRACT
	The experimental materials comprised of eight divers parents. Twenty-eight crosses along with parents were evaluated during kharif 2023-24 at three environments (three different date of sowing) in three replications. Results revealed that higher magnitude of sca variance over gca variance for all the traits which indicated preponderance of non-additive gene action. The parents ICPL-20338, ICPL-20340, Pusa-992, ICPL-87 and PA-16 were good general combiners for seed yield and its two or more component traits. The estimates of sca effects revealed that eleven crosses out of twenty-eight cross combinations showed significant positive effects for grain yield per plant and its related traits.
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 INTRODUCTION
	Pigeonpea [Cajanus cajan (L.) Millsp.], (2n= 2x= 22) is the second most important pulse crop after chickpea in India. It is also known as redgram, tur or arhar. It belongs to the family Leguminaceae, subfamily papilionaceae. pigeonpea occupies a prominent place in Indian rainfed agriculture. In India, pigeonpea ranks as the second most cultivated legume, contributing approximately 20% to the nation’s total pulse production (M. Aarif er al., 2021). It is an integral component of in various agro ecologies of the country mainly inter cropped with cereals, pulses and oilseeds and millets. Pigeonpea are often cross-pollinated crops, they can be genetically improved by using breeding techniques that	are advantageous for both crops that are autogamous and allogamous. 
Combining ability refers to a parent's capacity to transmit its performance traits to offspring. This ability depends on complex gene interactions, where certain combinations result in superior offspring, while others, even among promising parents, may fail to meet expectations. Sprague and Tatum (1942). introduced the concept, distinguishing between general combining ability (GCA) and specific combining ability (SCA). GCA reflects a parent’s average performance across multiple crosses, primarily influenced by additive gene effects. In contrast, SCA pertains to performance deviations caused by inter-allelic interactions. The selection of a suitable breeding process to isolate an optimal genotype with the greatest number of useful alleles is contingent upon an understanding of the type and extent of genetic variation. 
Breeders can gain a great deal of insight into the magnitude of gene action involved in the inheritance of quantitative traits of economic importance and in parent selection by using the combining ability studies. In order to learn more about the nature of combining ability for yield and yield attributes in pigeon pea, the current investigation was carried out.
MATERIAL AND METHODS
	A set of 28 F1s involving eight diverse parents ICPL-20338, ICPL-20340, ICPL-87, Pusa-991, Pusa-992, PA-16, PA-291 and AL-882 of pigeonpea were generated during Kharif 2022-23 following half diallel design. Thirty-six genotypes of pigeonpea (28 F1s and 8 parents) were sown in randomized block design with three replications during kharif2023-24 at three different environments (Three different date of sowing) at Research Field of AICRP on Pigeonpea, Agricultural Research Station, Ummedganj, Agriculture University, Kota. 
Each plot consisted of a 4 m row length with inter and intra row spacing of 60 cm and 20 cm respectively. Observations on five competitive plants from each plot were recorded for threeten different characters like days to 50% flowering, days to maturity, plant height (cm), number of branches per plant, number of pods per plant, pod length (cm), number of seeds per pod, biological yield per plant (g), seed yield per plant (g), 100-seed weight (g), harvest index (%), protein content (%) and Carbohydrate content (%). Pooled analysis for combining ability was done as per given by Singh (1973, 1979). Indo-state software was used to perform the data analysis. 
RESULTS AND DISCUSSION
The pooled analysis of variance for combining ability that the mean squares due to GCA and SCA were significant for all the characters (Table 1. a,b). This indicated that both additive and non-additive gene effects were involved in the genetic control of the traits under study. Similarly, the mean squares due to environments were also significant for all the characters indicating strong influence of environment in the expression of characters under investigation.
The variance due to GCA x Environment and SCA x environment were significant for all the characters (except plant height for both interaction and number of seed per pod in GCA x Environment). However, σ2GCA/ σ2SCA ratio being less than unity indicating that the non-additive gene action was more important in the expression of all characters in each environment.
The gca effects of parents (Table 2) revealed that the parents ICPL-20338 (2.82), ICPL-20340 (2.21), Pusa-992 (2.15), ICPL-87 (1.93) and PA-16 (0.71) were good general combiners for seed yield and its direct components. Pusa-991 and PA-16 were good combiners for earliness and dwarfness. Parents, ICPL-20340 and PA-16 were good combiners for protein and Some parents like ICPL-20338, ICPL-87 and AL-882 were good combiners for carbohydrate content.  The estimates of sca effects revealed that eleven crosses out of twenty-eight cross combinations showed significant positive effects for grain yield per plant. Among these twenty-eight crosses, top ten specific combiners with per se performance along with GCA effects of parents and their significant response to other characters is presented in Table 3.



Table:1(a) Pooled ANOVA for combining ability over three environments 
	Source of variance
	d.f
	DFF
	DM
	PH
	PBPP
	NPPP
	NSPP
	PL

	GCA
	7
	16.78**
	17.32**
	150.01**
	1.14**
	3258.13**
	0.71**
	0.62**

	SCA
	28
	28.13**
	23.17**
	256.13**
	7.29**
	2564.67**
	0.42**
	0.05**

	Environment
	2
	1263.71**
	1002.55**
	4637.27**
	58.32**
	6442.52**
	3.24**
	2.18**

	GCA x Env.
	14
	6.21**
	5.48**
	16.47
	0.54**
	573.30**
	0.08
	0.14**

	SCA x Env.
	56
	4.39**
	3.68**
	29.30
	0.65**
	281.69**
	0.07**
	0.10**

	Error
	210
	2.23
	1.52
	33.16
	0.16
	36.55
	0.04
	0.05

	σ2GCA
	0.52
	0.52
	3.89
	0.03
	107.38
	0.02
	0.01

	σ2SCA
	9.12
	7.21
	74.32
	2.37
	842.70
	0.12
	0.15

	σ2GCA/ σ2SCA
	0.05
	0.07
	0.05
	0.01
	0.12
	0.17
	0.12


*,** Significant at 5 and 1 per cent , respectively 

Table: 1(b). Pooled ANOVA for combining ability over three environments 
	Source of variance
	d.f
	100-SW
	BYPP
	SYPP
	HI
	PC
	CC

	GCA
	7
	1.24**
	1985.72**
	133.39**
	22.29**
	1.39**
	41.41**

	SCA
	28
	1.68**
	845.22**
	119.09**
	30.71**
	3.21**
	72.09**

	Environment
	2
	2.30**
	2375.09**
	1022.90**
	389.35**
	61.29**
	410.00**

	GCA x Env.
	14
	0.21**
	167.16**
	24.96**
	27.05**
	1.09**
	4.17**

	SCA x Env.
	56
	0.17**
	183.85**
	22.45**
	19.21**
	1.69**
	6.94**

	Error
	210
	0.09
	21.50
	3.27
	3.04
	0.23
	0.34

	σ2GCA
	0.03
	65.47
	4.33
	0.64
	0.03
	1.36

	σ2SCA
	0.53
	274.57
	38.60
	9.22
	0.99
	23.91

	σ2GCA/ σ2SCA
	0.07
	0.23
	0.11
	0.06
	0.03
	0.05


*,** Significant at 5 and 1 per cent , respectively
DFF -Days to 50% flowering, DM -Days to maturity, PH-Plant height, PBPP-Primary branches per plant, NPPP-Number of pods per
plant, NSPP-Number of seeds per pod, PL-Pod length, 100-SW-100 Seed weight, BYPP-Biological yield per plant, SYPP-Seed yield
per plant, HI-Harvest index, PC-Protein content, CC-Carbohydrate content



Table: -2 Estimates of general combining ability effects of parents for various characters in pigeonpea 
	Parents
	DFF
	DM
	PH
	PBPP
	NPPP
	NSPP
	PL
	100-SW
	BYPP
	GYPP
	HI
	PC
	CC

	ICPL-20338
	-0.38**
	0.12
	0.78
	0.40**
	10.43**
	0.15**
	0.20**
	-0.10
	9.61**
	2.82**
	0.42
	-0.02
	0.68**

	ICPL-20340
	-0.33*
	0.39
	2.37*
	-0.06
	10.97**
	0.17**
	-0.09*
	0.26**
	3.00**
	2.21**
	1.06**
	0.35**
	-0.69**

	ICPL-87
	-0.02
	-1.12**
	-2.79**
	0.12
	11.42**
	0.05
	0.11**
	0.03
	5.74**
	1.93**
	2.20**
	0.11
	1.40**

	Pusa-991
	-0.85**
	-0.98**
	-3.48**
	-0.13
	-7.83**
	-0.09*
	0.08*
	-0.20**
	-12.0**
	-2.11**
	0.89**
	-0.03
	0.14

	Pusa-992
	0.51**
	0.64**
	-0.59
	0.28**
	14.59**
	0.02
	-0.02
	0.24**
	10.77**
	2.15**
	-1.13**
	0.09
	-1.39**

	PA-16
	-0.81**
	-0.42*
	2.01*
	-0.09
	2.27*
	0.09**
	0.06
	-0.34**
	0.59
	0.71*
	0.34
	0.19*
	-1.28**

	PA-291
	1.42**
	0.91**
	-0.36
	-0.24**
	-13.03**
	-0.25**
	-0.24**
	0.23**
	-8.72**
	-3.17**
	-1.26**
	-0.36**
	-0.54**

	AL-882
	0.34*
	0.46*
	2.50*
	-0.12
	-2.95**
	-0.16**
	-0.10**
	0.02
	1.48
	0.09
	-0.25
	-0.10
	1.68**

	SE
	0.14
	0.21
	0.98
	0.06
	1.03
	0.03
	0.03
	0.05
	0.79
	0.30
	0.29
	0.08
	0.10

	gi-gj
	0.22
	0.31
	1.48
	0.10
	1.56
	0.05
	0.05
	0.08
	1.19
	0.46
	0.45
	0.12
	0.15


*,** Significant at 5 and 1 per cent, respectively






Table:3. Ten best specific combiners for grain yield/plant and their performance for other traits
	S.
No
	
Crosses with maximum SCA effect
	
SCA
effect
	
Mean seed yield /plant
	GCA effect
	
Significant response in related characters

	
	
	
	
	P1
	P2
	

	1
	ICPL-20338 x PA-16
	11.85
	24.09
	1.93(G)
	0.71(G)
	PH, PBPP, NPPP, NSPP, PL, BYPP, HI, CC

	2
	ICPL-20340 x AL-882
	9,31
	18.79
	2.21(G)
	0.09(A)
	PH, NPPP, NSPP, PL, 100-SW, BYPP, HI

	3
	ICPL-20338 x AL-882
	8.41
	38.13
	2.82(G)
	0.09(A)
	PH, PBPP, NPPP, NSPP, PL, 100-SW, BYPP, HI, PC, CC

	4
	Pusa-992 x PA-16
	7.90
	24.30
	2.15(G)
	0.71(G)
	DFF, NPPP, PL, 100-SW, BYPP, HI, CC

	5
	ICPL-20338 x ICPL-20340
	7.91
	39.04
	2.82(G)
	2.21(G)
	PH, PBPP, NPPP, NSPP, PL, 100-SW, BYPP, HI

	6
	ICPL-20338 x PA-291
	7.17
	24.40
	2.82(G)
	-3.17(P)
	NPPP, NSPP, PL, 100-SW, BYPP, HI, PC, CC

	7
	ICPL-20338 x Pusa-991
	6.38
	31.73
	2.82(G)
	-2.11(P)
	DFF, PBPP, NPPP, NSPP, BYPP, PC, CC

	8
	ICPL-20340 x Pusa-992
	4.95
	38.43
	2.21(G)
	2.15(G)
	DM, NPPP, BYPP, PC

	9
	Pusa-992 x PA-291
	4.02
	24.13
	2.15(G)
	-3.17(P)
	DFF, PH, NPPP, 100-SW, BYPP

	10
	ICPL-87 x PA-291
	3.93
	20.08
	1.93(G)
	-3.17(P)
	PL, BYPP, HI, CC







Out of ten crosses showing high mean and significant positive sca effects for grain yield, four crosses (ICPL-87 x PA-16, Pusa-992 x PA-16, ICPL-20338 x PA-291 and ICPL-20340 x Pusa-992) involved good x good gca parents, two crosses (ICPL-20340 x AL-882 and ICPL-20338 x AL-882) with good x average, four crosses (ICPL-20338 x PA-291, ICPL-20338 x Pusa-991, Pusa-992 x PA-291 and ICPL-87 x PA-291) with good x poor gca parents. These results are in concordance with Parmar et al. (2012), Chaudhary et al. (2016), Soni and Patel (2016) and Maida et al. (2016) (Table 3). Some crosses, like ICPL-20338 x ICPL-87, ICPL-20338 x Pusa-992, ICPL-20340 x ICPL-87 and ICPL-87 x AL-882 are show negative significant for days to 50% flowering and day to maturity. Some crosses showing highly positive significant sca effects for Number of pods per plant and Number of seed per pod, like ICPL-20338 x ICPL-20340, ICPL-20338 x ICPL-87, ICPL-20338 x PA-291, ICPL-20338 x AL-882, ICPL-20340 x Pusa-991, ICPL-20340 x AL-882 and ICPL-87 x PA-16.
 The good x good GCA combination could be due to additive and additive x additive type of gene action, which are fixable in nature. The crosses, which involved at least one parent with significantly high GCA effect and other with poor or negative GCA effects, produce the desirable transgressive segregants. Additive genetic system in the good combiner and complimentary epistatic effects in F1 acts in the same direction to maximize the desirable plant attributes. The crosses showing high sca effects involving one good general combiner indicated additive x dominance type gene interaction which could produce desirable transgressive segregants in subsequent generations (Singh, 1993 and Ghodke, 1995). Some crosses like ICPL-20338 x ICPL-87, ICPL-20338 x PA-291, ICPL-20338 x AL-882, ICPL-20340 x Pusa-99, ICPL-87 x Pusa-991 and PA-16 x PA-291 are exhibited positive and significant SCA effect for protein and carbohydrate content. The results were found similar with work done by Kumar et al. (2003) Chaudhary et al. (2016) and Patel et al. (2020). 
The results of this study are very important for the grain yield for each plant and its related traits. Also, it can be commercially exploited for the development of high hybrids and production of varieties in pigeon pea if this research is used useful for the world in field food production. 


Table:4. Estimates of specific combining ability effects of hybrid for various characters in pigeonpea 
	Crosses
	DFF
	DM
	PH
	PBPP
	NPPP
	NSPP
	PL
	100-SW
	BYPP
	GYPP
	HI
	PC
	CC

	ICPL-20338 × ICPL-20340
	6.35**
	5.09**
	12.82**
	1.39**
	27.75**
	0.31**
	0.57**
	0.55**
	13.65**
	7.19**
	2.67**
	0.35
	-1.15**

	ICPL-20338 × ICPL-87
	-5.62**
	-3.07**
	1.60
	0.48*
	23.51**
	0.31**
	0.01
	-0.13
	10.05**
	3.60**
	0.73
	1.26**
	5.29**

	ICPL-20338 × Pusa-991
	2.18**
	-0.55
	4.11
	1.15**
	-22.43**
	-0.16
	0.01
	0.04
	6.77**
	-5.83**
	-5.88**
	-0.70**
	8.16**

	ICPL-20338 × Pusa-992
	-1.49**
	-1.51*
	-1.56
	0.06
	4.03
	-0.27*
	0.01
	-0.41*
	-3.48
	1.79
	1.92*
	-1.61**
	-5.37**

	ICPL-20338 × PA-16
	-4.65**
	0.99
	-9.94**
	0.40
	-54.45**
	-0.19
	-0.72**
	0.92**
	-27.0**
	-5.94**
	0.91
	-0.88**
	-0.26

	ICPL-20338 × PA-291
	2.27**
	-0.77
	-11.05**
	-3.27**
	33.77**
	0.61**
	0.31**
	0.47**
	17.97**
	7.17**
	2.79**
	1.79**
	2.21**

	ICPL-20338 × AL-882
	2.15**
	3.38**
	9.85**
	1.04**
	37.04**
	0.63**
	0.48**
	1.32**
	13.79**
	8.41**
	3.62**
	1.26**
	0.97**

	ICPL-20340 × ICPL-87
	-1.68**
	-6.12**
	4.93
	-1.86**
	-58.38**
	-0.64**
	-0.73**
	0.92**
	-27.2**
	-9.04**
	-2.07*
	-0.61 *
	-0.29

	ICPL-20340 × Pusa-991
	-1.98**
	1.17
	-2.34
	1.21**
	34.11**
	0.35**
	0.13
	-0.51**
	21.88**
	6.38**
	0.74
	0.75**
	3.33**

	ICPL-20340 × Pusa-992
	0.45
	-1.56*
	-9.76**
	-0.49*
	15.55**
	0.02
	-0.48**
	-0.82**
	9.04**
	4.95**
	2.20*
	1.09**
	-2.57

	ICPL-20340 × PA-16
	1.84**
	1.84**
	-15.26**
	-3.49**
	-3.49**
	0.18
	0.48**
	-0.12
	-43.8**
	-10.95**
	-1.05
	1.01**
	-1.74

	ICPL-20340 × PA-291
	0.77
	-1.71**
	3.14
	0.41
	-4.34
	-0.10
	-0.27*
	-0.55**
	-0.48
	-4.68**
	-3.22**
	-0.51*
	-6.31

	ICPL-20340 × AL-882
	3.20**
	1.70**
	13.38**
	-0.05
	39.45**
	0.66**
	0.86**
	1.27**
	20.74**
	9.31**
	3.19**
	0.22
	9.97

	ICPL-87 × Pusa-991
	1.93**
	1.47*
	-3.23
	0.53*
	25.01**
	-0.24*
	-0.01
	-0.05
	10.26**
	-3.10**
	-5.19**
	1.19**
	0.80*

	ICPL-87 × Pusa-992
	1.91**
	2.18**
	-2.04
	0.40
	-2.12
	0.02
	-0.133
	0.46**
	2.16
	-5.38**
	-4.56**
	-0.19
	-3.30**

	ICPL-87 × PA-16
	0.53
	3.36**
	12.27**
	1.06**
	50.88**
	0.39**
	0.33**
	0.12
	27.65**
	11.85**
	3.62**
	0.47
	3.10**

	ICPL-87 × PA-291
	3.24**
	2.03**
	2.99
	-1.78**
	-15.63**
	0.21
	0.33**
	-0.76**
	8.04**
	3.93**
	2.63**
	-0.54*
	8.42**

	ICPL-87 × AL-882
	-4.54**
	-5.52**
	-7.51*
	0.43*
	-36.46**
	-0.64**
	-0.38**
	0.22
	-13.6**
	-2.42*
	1.28
	-0.69**
	2.27**

	Pusa-991 × Pusa-992
	2.28**
	1.81**
	-3.13
	0.01
	-1.01
	-0.02
	0.14
	0.22
	-0.48
	-1.32
	-1.04
	1.90**
	0.41

	Pusa-991 × PA-16
	-0.21
	0.33
	-1.90
	-0.72**
	-3.84
	-0.06
	-0.20
	0.16
	2.16
	-1.26
	-1.48
	0.59*
	0.81**

	Pusa-991 × PA-291
	-0.94*
	0.33
	-6.95*
	0.58**
	-6.99*
	-0.29**
	-0.45**
	0.56**
	-14.4**
	-3.01**
	-0.63
	-0.90**
	-3.87**

	Pusa-991 × AL-882
	-0.07
	0.99
	-7.55*
	-3.48**
	9.92**
	0.21
	-0.06
	-0.32*
	-0.44
	-0.76
	-0.50
	-0.21
	-1.50**

	Pusa-992 × PA-16
	-0.89*
	-0.84
	4.43
	-1.88**
	24.47**
	0.23*
	0.59**
	0.51**
	11.41**
	7.90**
	3.81**
	0.41
	2.46**

	Pusa-992 × PA-291
	-3.18**
	-1.07
	14.71**
	-0.05
	9.39**
	0.13
	0.17
	0.67**
	8.94**
	4.02**
	1.71
	-0.44
	-4.41**

	Pusa-992 × AL-882
	-3.19**
	-0.96
	7.96**
	1.43**
	-1.46
	0.01
	0.08
	0.57**
	-0.30
	-0.92
	-0.63
	-0.92**
	0.28

	PA-16 × PA-291
	1.31**
	-1.44*
	-13.43 **
	0.95**
	7.03*
	0.009
	0.10
	0.194
	2.04
	0.42
	0.31
	0.82**
	6.13**

	PA-16 × AL-882
	1.30**
	-2.22**
	-4.57
	-0.68**
	-14.80**
	-0.33**
	-0.24*
	-1.79**
	4.96*
	-5.41**
	-4.73**
	-1.16**
	-4.81

	PA-291 × AL-882
	3.79**
	4.88**
	5.33
	0.18
	19.63**
	0.11
	-0.08
	0.44**
	-1.71
	-0.29
	0.15
	-0.48
	1.55**

	SE
	0.39
	0.56
	2.62
	0.18
	2.75
	0.09
	0.10
	0.14
	2.11
	0.82
	0.79
	0.21
	0.26

	gi-gj
	0.66
	0.95
	4.46
	0.31
	4.41
	0.16
	0.17
	0.24
	3.59
	1.40
	1.35
	0.37
	0.45
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