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  COMBINING ABILITY AND GENE ACTION ANALYSIS USING LINE × TESTER IN GREEN GRAM (VIGNA RADIATA L. Wilczek) 






ABSTRACT 
	Aims: To assess the combining ability and gene action for agronomic traits using a Line × Tester mating framework in green gram (Vigna radiata L.).
Study design:  Line × tester mating design.
Place and Duration of Study: Experimental Farm, Department of Genetics and Plant Breeding, College of Agriculture, Latur, during the Summer 2026 season.
Methodology: A Line × Tester mating framework was utilized comprising three female lines (TAKM-140, PANT-M-5 and SML-668), seven male testers (BMB-2302, BMB-2311, BMB-2314, BMB-2315, BPMR-32, BPMR-48 and BPMR-93) and one standard check variety (BM-2003-2) to develop 21 cross combinations. These 21 hybrids, their 10 respective parents and the single check variety were evaluated. Data were recorded strictly from field observations across ten key quantitative traits: days to 50% flowering, days to maturity, plant height (cm), number of branches per plant, number of clusters per plant, number of pods per cluster, number of pods per plant, number of seeds per pod, 100-seed weight (g) and seed yield per plant (g).
Results: Combining ability analysis revealed that the female line PANT-M-5, alongside male testers BMB-2314, BMB-2315, and BPMR-32, were the most effective general combiners for yield enhancement and physiological earliness. The crosses TAKM-140 × BMB-2302, PANT-M-5 × BPMR-32 and SML-668 × BMB-2311 emerged as the superior hybrids, exhibiting the highest specific combining ability (SCA) for seed yield and major yield-contributing traits. Gene action analysis indicated that specific combining ability variance () wasmsubstantially higher than general combining ability variance () for all evaluated characters. Furthermore, the variance ratio () was strictly less than unity across the board.
Conclusion: There is an absolute predominance of non-additive gene action governing the inheritance of these agronomic traits. Therefore, breeding strategies such as biparental mating or recurrent selection in early segregating generations are strongly recommended to effectively exploit this non-additive variance for future crop improvement.
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1. INTRODUCTION 

Mungbean (Vigna radiata L. Wilczek), commonly known as green gram, is a fast-growing, warm-season annual legume belonging to the Fabaceae family. It is a self-pollinated, short-duration crop with a life cycle of 75 to 90 days. Genetically, it possesses a relatively small genome of roughly 579 Mb and a diploid chromosome number of  (Karpechenko, 1925; Arumuganathan and Earle, 1991; Kang et al., 2014; Liu et al., 2016). Pulses are cultivated globally, but Asia particularly India dominates the sector. India is the world's largest producer and consumer of pulses, accounting for 36.8% of the global cultivated area. For mungbean specifically, India commands 65% of the global cultivation area and produces over half (54% to 70%) of the world's supply (Kumari et al., 2023). 
The crop covers approximately 4.34 million hectares in India, yielding 2.12 million tonnes with a productivity rate of 489 kg/ha (Anon., 2020). Mungbean holds immense economic and dietary significance, particularly as a high-quality protein source for India's predominantly vegetarian population (Rahim et al., 2010). It is recognized as a sustainable, low-carbon food option that helps address malnutrition (Agarwal et al., 2024; Gunathunga et al., 2024). The mature seeds are highly nutritious, containing 59% to 65% carbohydrates, 22% to 28% protein, and deliver between 334 and 347 kcal of energy per 100-gram serving (Srivastava and Ali, 2004; Majhi et al., 2020). Additionally, it provides abundant folate and iron (Keatinge et al., 2011) and contains significant amounts of essential amino acids like phenylalanine, isoleucine, leucine, and lysine (Lambrides and Godwin, 2007). 
Agronomically, mungbean is highly valued in diverse cropping systems because it biologically fixes atmospheric nitrogen, which enhances the chemical, biological, and physical properties of the soil (Mundiyara et al., 2024) while simultaneously boosting the income of small-scale farmers (Rahim et al., 2010). The success of future mungbean improvement programs depends on the ability to exploit the vast gene pool to achieve higher heterosis. Designing an efficient breeding strategy requires a thorough understanding of the underlying gene action specifically the additive and dominance genetic variances that governs seed yield and its associated structural traits. 
The Line × Tester mating design, introduced by Kempthorne (1957), is a highly effective biometrical tool for screening germplasm. This technique measures General Combining Ability (GCA) to help select superior individual parents, and Specific Combining Ability (SCA) to identify the most successful hybrid cross combinations. Although it does not estimate epistatic variance, evaluating GCA and SCA effects is an essential step in understanding gene action, estimating the magnitude of heterosis, and choosing the most appropriate selection procedures for developing superior green gram varieties. With these ideas, an investigation was conducted to study the general and specific combining ability, as well as the nature and magnitude of gene action for seed yield and its component traits, using Line × Tester analysis in green gram (Vigna radiata L.) during the Summer 2026 season at the Experimental Farm, Department of Genetics and Plant Breeding, College of Agriculture, Latur.

2. material and methods 

The present investigation entitled “Genetic studies for yield and yield attributing traits in green Gram (Vigna radiata L. Wilczek)” was carried out at the Experimental Farm of the Department of Genetics and Plant Breeding, College of Agriculture, Latur during Summer 2025-26. Geographically, the experimental site is situated at 18° 25' 9.2" N latitude, 76° 36' 53.4" E longitude and has an elevation of approximately 631 meters above mean sea level. The soil type of this site is vertisol to deep black soil. In this experiment there were 10 parents out of which 3 (TAKM-140, PANT-M-5 and SML-668) were used as lines and 7 (BMB-2302, BMB-2311, BMB-2314, BMB-2315, BPMR-32, BPMR-48 and BPMR-93) used as tester, along with 1 check variety (BM-2003-2). All 3 lines and 7 testers were grown during the 2025 Kharif season for making crosses in a line x tester mating design, and resultant seeds of 21 hybrids were generated. The final trial comprising 32 treatments (10 parents + 21 F1s + 1 check) was conducted in a randomized block design with two replications during Summer 2025-26 at the Experimental Farm of the Department of Genetics and Plant Breeding, College of Agriculture, Latur. Each experimental treatment was grown in a two-row plot, each 3 meters in length. The 31 genotypes, including the 10 parents and their 21 crosses, were evaluated in a randomized block design. 
Data were recorded on randomly selected competitive plants from each plot across all replications for ten specific agronomic and yield-related traits: days to 50% flowering, days to maturity, plant height (cm), number of branches per plant, number of clusters per plant, number of pods per cluster, number of pods per plant, number of seeds per pod, 100-seed weight (g) and seed yield per plant (g). To ensure maximum accuracy for seed yield calculations, the trait "number of pods per plant" was measured strictly from recorded field observations, explicitly ignoring theoretical cluster mathematical calculations. Analysis of Variance (ANOVA) for combining ability using the Line × Tester method and tests of significance for different genotypes were performed according to the methodology proposed by Kempthorne (1957). The individual effects of General Combining Ability (GCA) and Specific Combining Ability (SCA) were estimated by calculating the two-way table of female and male parents, and then summing the values obtained over multiple replications.

3. results and discussion
Analysis of Variance (ANOVA). 

Table 1. Analysis of variance for parents and hybrids for ten quantitative traits in Green gram (Vigna radiata L.)

	Sr. No.
	Character
	Replication
(df = 1)
	Treatment
(df = 30)
	Error
(df = 30)

	1
	Days to 50% flowering
	0.06
	3.33**
	0.64

	2
	Days to maturity
	1.61
	11.36**
	1.38

	3
	Plant height (cm)
	1.08
	40.01**
	2.86

	4
	No. of branches per plant
	0.03
	0.62**
	0.03

	5
	No. of clusters per plant
	0.03
	0.47**
	0.10

	6
	No. of pods per cluster
	0.16
	0.60**
	0.20

	7
	No. of pods per plant
	2.81
	20.43**
	2.93

	8
	No. of seeds per pod
	0.07
	1.49**
	0.45

	9
	100 seed weight (g)
	0.11
	0.70**
	0.05

	10
	Seed yield per plant (g)
	1.01
	6.77**
	1.06


 Significant at the 5% probability level; ** Significant at the 1% probability level. 




Highly significant ANOVA for all the parameters was observed, which indicated the preponderance of genetic variations across the genotypes and justified the inclusion of the genotypes for a combining ability study. The analysis of variance shows highly significant variations among the parents and offspring for all the 10 studied characters, indicating a wide spectrum of variation among the parents and F1s. The statistical analyses discovered exceptionally high differences between the parents and their crosses (Parents vs. Crosses contrast) for all the characters, which provides proof of a strong heterotic response (hybrid vigor) and a highly significant amount of genetic variability that can be strategically exploited.



Table 2. Line × tester analysis of variance and variance components for ten quantitative traits in Green gram (Vigna radiata L.)

	Source of
variation
	df
	DFF
	DM
	PH
	NBPP
	NCPP
	NPPC
	NPPP
	NSPP
	100-SW
	SYPP

	Replications
	1
	0.10
	0.60
	1.49
	0.01
	0.03
	0.03
	3.04
	0.44
	0.24*
	1.04

	Crosses
	20
	3.99**
	13.36**
	28.00**
	0.69**
	0.45**
	0.59**
	11.84**
	1.35**
	0.73**
	7.12**

	Lines
	2
	0.58
	42.00**
	4.28
	2.00
	0.50
	0.95
	10.95
	0.38
	0.89
	11.99

	Testers
	6
	6.39
	18.75*
	14.53
	0.13
	0.25
	1.03*
	8.22
	2.34
	1.16
	4.77

	Line × Tester
	12
	3.36**
	5.89**
	38.69**
	0.76**
	0.55**
	0.31*
	13.80**
	1.01
	0.49**
	7.49**

	Error
	20
	0.56
	1.5
	3.61
	0.03
	0.13
	0.13
	3.06
	0.45
	0.06
	1.41


* Significant at P ≤ .05; ** Significant at P ≤ .01.=

Estimates of variance components

	Variance component
	DFF
	DM
	PH
	NBPP
	NCPP
	NPPC
	NPPP
	NSPP
	100-SW
	SYPP

	σ²GCA
	0.0213*
	0.2523**
	-0.3611
	-0.0022
	-0.0033
	0.0095*
	-0.0662
	0.0113*
	0.0081**
	-0.0123

	σ²SCA
	1.4022**
	2.1968**
	17.5412**
	0.3644**
	0.2085**
	0.0864
	5.3688**
	0.2828*
	0.2160**
	3.0401**

	GCA/SCA
	0.02
	0.11
	-0.02
	-0.01
	-0.02
	0.11
	-0.01
	0.04
	0.04
	0.01


* Significant at P ≤ .05; ** Significant at P ≤ .01.

Abbreviations: DFF = Days to 50% flowering; DM = Days to maturity; PH = Plant height; NBPP = Number of branches per plant; NCPP = Number of clusters per plant; NPPC = Number of pods per plant; NPPP = Number of pods per plant; NSPP = Number of seeds per pod; 100-SW = 100-seed weight; SYP = Seed yield per plant.
Combining Ability Effects
The mean squares due to the Line x Tester (L x T) interaction were highly significant for nine out of the ten traits evaluated, including key economic characters such as seed yield per plant, plant height, and number of pods per plant. The GCA/SCA proportion (variance ratio) was utilized to explain the idea of the genetic differences involved. A critical perusal of the genetic variance components reveals that the magnitude of specific combining ability variance () was substantially higher than the general combining ability variance () for all ten quantitative characters evaluated. Consequently, the variance ratio (/) was strictly less than unity (< 1) across the entire spectrum of morphological and yield-attributing traits. This universal ratio indicates the absolute preponderance of non-additive gene action, comprising dominance and epistatic interactions, in the inheritance of these characters. Thus, selection would be highly ineffective in early generations, and breeding strategies such as recurrent selection or biparental mating are recommended. these results are in agreement with Patil et al. (2011), Surashe et al., (2017) Patel et al. (2009), Yadav and Lavanya (2011) Nath et. al. (2018), Mohan and Sheeba (2019) and Kakde et al. (2019).
General Combining Ability Effects 
The GCA reveals the additive nature of gene action. In the present investigation, highly significant and positive extents of GCA for the number of pods per plant, number of branches, 100-seed weight and seed yield per plant are desired, while profoundly significant and negative values for days to maturity and flowering are suitable for earliness. Among the female lines, PANT-M-5 emerged as the most outstanding general combiner, demonstrating a highly significant positive GCA effect for seed yield per plant (0.79), 100-seed weight (0.29) and number of pods per cluster (0.24) while also exhibiting desirable significant negative effects for days to maturity (-1.00). Among the male testers, BMB-2314 and BMB-2315 showed a highly significant and positive effect for seed yield per plant (1.82 and 0.76, respectively), indicating that those genotypes could be used as good general combiners in the breeding program. In addition, testers BPMR-32 and BMB-2302 were shown to be exceptional parental combiners for earliness, having profoundly significant and negative GCA values for both days to 50% flowering and days to maturity. As a result, it was seen that none of the parents demonstrated to be a great general combiner for all the characteristics simultaneously. However, line SML-668 and tester BMB-2302 proved to be poor combiners for overall production due to negative GCA effects for yield. these results are corroborated in previous combining ability evaluations (Nath et al., 2017).
Specific Combining Ability Effect 
The SCA indicates the role of non-additive gene action in the expression of characters. A study of SCA exposed that none of the hybrids displayed a favorable SCA effect for all the studied characters. For the trait of days to maturity, a highly desirable significant negative SCA effect was observed in TAKM-140 x BPMR-32 (-3.33). For the number of pods per plant, TAKM-140 x BMB-2302 (5.37) and SML-668 x BMB-2311 (4.18) gave highly significant and positive SCA effects based strictly on field observations. Three crosses (TAKM-140 x BMB-2302, PANT-M-5 x BPMR-32, and SML-668 x BMB-2311) out of 21 crosses had the significantly best SCA effect for seed yield per plant. It was notable that cross combinations with high SCA estimates for seed yield per plant invariably have positive SCA effects for one or more yield-related traits as well. these results are in accordance with the findings of Narasimhulu et al (2016) and Mohan and Sheeba (2019).  Furthermore, crosses involving parents with average or low GCA can exhibit high SCA estimates due to interaction effects; for example, TAKM-140 x BMB-2302 was identified as a desirable combination resulting from an "average x low" GCA combination. Conversely, the cross PANT-M-5 x BMB-2314 derived from parents with "high x high" GCA exhibited a poor SCA effect for seed yield (-0.82).
Gene action
The estimates of genetic variance components revealed that specific combining ability (SCA) variance was substantially higher than general combining ability (GCA) variance for all ten evaluated quantitative traits, resulting in a GCA to SCA ratio strictly less than unity. This indicates an absolute preponderance of non-additive gene action (dominance and epistatic interactions) in the inheritance of these characters, highlighted by highly significant SCA variances for the primary economic trait, seed yield per plant (3.0401), and its main determinant, pods per plant (5.3688). Furthermore, instances of negative GCA variance estimates for traits like plant height, branches, clusters, pods per plant, and seed yield are conventionally considered to be zero, reinforcing the negligible role of additive genetic variance. Because non-additive gene action governs the expression of these traits, standard early-generation pedigree selection would be ineffective; instead, breeding strategies that capitalize on non-additive variance such as recurrent selection, biparental mating, or diallel selective mating are strongly recommended to break undesirable linkages and isolate superior transgressive segregants. these findings of predominant non-additive gene action for yield and yield-attributing traits are in strong agreement with earlier reports in green gram and mung bean by Mohan and Sheeba (2019), Dhare et al. (2024), and Narasimhulu et al. (2014, 2016).
Table 3: Estimates of general combining ability (GCA) of lines and testers for yield and its contributing traits in Green gram 
               (Vigna  radiata L.).
	Parents
	DFF
	DM
	PH
	NBPP
	NCPP
	NPPC
	NPPP
	NSPP

	Lines

	TAKM-140
	0.06
	2.00**
	0.64
	0.44**
	1.00*
	-0.14
	-0.14*
	0.23

	PANT-M-5
	0.17
	-1.00**
	-0.34
	-0.19**
	-0.32
	-0.04
	0.29**
	0.79*

	SML-668
	-0.23
	-1.00**
	-0.3
	-0.24**
	-0.68
	0.18
	-0.15*
	-1.02**

	S.E.(Gi)
	0.1996
	0.3268
	0.5079
	0.0476
	0.4677
	0.1784
	0.0631
	0.3171

	S.E.(Gi-Gj)
	0.2823
	0.4622
	0.7182
	0.0673
	0.6614
	0.2523
	0.0893
	0.4485

	CD @5%
	0.5899
	0.9659
	1.5011
	0.1406
	1.3823
	0.5274
	0.1866
	0.9374

	CD @1%
	0.8045
	1.3172
	2.0469
	0.1917
	1.8850
	0.7192
	0.2545
	1.2783

	Testers

	BMB-2302
	-1.35**
	-2.02**
	0.41
	-0.13
	-0.17
	-0.14
	-0.30**
	-0.71

	BMB-2311
	0.99**
	0.98
	-2.87**
	0.14
	1.29*
	0.36
	-0.30**
	0.29

	BMB-2314
	0.65*
	0.48
	-0.34
	-0.21**
	0.59
	-0.24
	0.74**
	1.82**

	BMB-2315
	1.15**
	1.14*
	0.13
	-0.03
	-2.06**
	-0.72*
	0.20*
	0.76*

	BPMR-32
	-1.18**
	-3.02**
	0.76
	0.21**
	-1.01
	0.56
	0.04
	-0.06

	BPMR-48
	-0.6
	1.31*
	2.29**
	0.04
	0.73
	-0.71*
	0.20*
	-0.05

	BPMR-93
	0.32
	1.14*
	-0.37
	-0.03
	0.63
	0.89**
	-0.60**
	-0.53

	S.E.(Gi)
	0.3049
	0.4992
	0.7758
	0.0726
	0.7144
	0.2726
	0.0964
	0.4844

	S.E.(Gi-Gj)
	0.4312
	0.706
	1.0971
	0.1027
	1.0103
	0.3855
	0.1364
	0.6851

	CD @5%
	0.9012
	1.4755
	2.293
	0.2147
	2.1116
	0.8056
	0.2851
	1.4319

	CD @1%
	1.2289
	2.0121
	3.1268
	0.2928
	2.8794
	1.0986
	0.3887
	1.9526


* and ** indicated significance at 5 and 1 percent level, respectively
Table 4: Estimates of specific combining ability (SCA) for ten characters in Green gram (Vigna radiata L.).
	Sr No.
	DF
	DM
	PH
	NBPP
	NCPP
	NPPC
	NPPP
	NSPP
	100-SW
	SYPP
	DF

	1
	TAKM-140 x BMB-2302
	1.77**
	2.17*
	-3.54
	*
	0.50**
	0.16
	0.16
	5.37**
	-0.37
	0.64**
	2.62**

	2
	TAKM-140 x BMB-2311
	-0.81
	0.17
	-0.8
	
	-0.97**
	0.05
	0.59*
	-2.00
	-0.02
	-0.36*
	-2.13*

	3
	TAKM-140 x BMB-2314
	-0.48
	-0.83
	2.96
	*
	0.48**
	0.25
	-0.01
	0.10
	-0.62
	0.10
	-0.31

	4
	TAKM-140 x BMB-2315
	0.02
	1.00
	0.7
	0
	0.20
	-0.04
	-0.21
	0.40
	0.86
	0.14
	1.32

	5
	TAKM-140 x BPMR-32
	-1.14*
	-3.33**
	0.56
	
	0.16
	-0.45
	-0.28
	-1.90
	0.18
	-0.70**
	-2.48**

	6
	TAKM-140 x BPMR-48
	0.77
	1.33
	2.93
	*
	0.43**
	0.68*
	-0.31
	1.37
	-0.06
	0.14
	1.45

	7
	TAKM-140 x BPMR-93
	-0.14
	-0.50
	-2.8
	0
	-0.80**
	-0.64*
	0.06
	-3.23*
	0.04
	0.04
	-0.46

	8
	PANT-M-5 x BMB-2302
	-1.08
	-1.33
	0.99
	
	-0.17
	0.21
	-0.34
	-1.71
	0.82
	-0.79**
	-1.34

	9
	PANT-M-5 x BMB-2311
	0.08
	-0.33
	-3.83
	*
	0.66**
	-0.25
	-0.50
	-0.18
	-0.23
	0.21
	0.21

	10
	PANT-M-5 x BMB-2314
	-0.58
	0.67
	3.14
	*
	-0.39**
	-0.30
	-0.30
	-0.38
	-0.13
	-0.22
	-0.82

	11
	PANT-M-5 x BMB-2315
	-0.08
	-1.00
	2.67
	
	-0.27*
	0.21
	0.20
	-0.03
	-1.10*
	0.21
	-0.54


Continued…
	Sr No.
	DF
	DM
	PH
	NBPP
	NCPP
	NPPC
	NPPP
	NSPP
	100-SW
	SYPP
	DF

	12
	PANT-M-5 x BPMR-32
	2.50**
	3.17**
	-5.96**
	-0.51**
	-0.1
	0.63*
	1.92
	0.17
	0.88**
	2.41**

	13
	PANT-M-5 x BPMR-48
	-1.33*
	-1.17
	0.71
	-0.24
	-0.67*
	0.25
	-1.71
	-0.36
	-0.29
	-1.65

	14
	PANT-M-5 x BPMR-93
	0.5
	0.3
	2.27
	0.93**
	0.91**
	0.06
	2.09
	0.84
	0.01
	1.73

	15
	SML-668 x BMB-2302
	-0.69
	-0.83
	2.55
	-0.32*
	-0.37
	0.18
	-3.65**
	-0.45
	0.15
	-1.28

	16
	SML-668 x BMB-2311
	0.73
	0.17
	4.63**
	0.31*
	0.21
	-0.09
	4.18*
	0.25
	0.15
	1.92*

	17
	SML-668 x BMB-2314
	1.06
	0.17
	-6.10**
	-0.09
	0.06
	0.31
	0.38
	0.75
	0.12
	1.14

	18
	SML-668 x MB-2315
	0.06
	0.4
	-3.37*
	0.08
	-0.17
	0.01
	-0.37
	0.24
	-0.35
	-0.78

	19
	SML-668 x BPMR-32
	-1.36*
	0.17
	5.40**
	0.34*
	0.56*
	-0.35
	-0.02
	-0.35
	-0.18
	0.07

	20
	SML-668 x BPMR-48
	0.56
	-0.17
	-3.64*
	-0.19
	-0.01
	0.06
	0.35
	0.42
	0.15
	0.2

	21
	SML-668 x BPMR-93
	-0.36
	0.5
	0.53
	-0.12
	-0.27
	-0.12
	1.15
	-0.88
	-0.05
	-1.26

	
	CD @ 5%
	1.1037
	1.807
	2.8083
	0.2629
	0.5426
	0.5386
	2.5862
	0.9867
	0.349
	1.7537

	
	SE±
	0.5281
	0.8646
	1.3437
	0.1258
	0.2596
	0.2577
	1.2374
	0.4721
	0.167
	0.8391


* and ** indicated significance at 5 and 1 percent level, respectively
Conclusion
The combining ability analysis identified the female line PANT-M-5 and male testers BMB-2314, BMB-2315 and BPMR-32 as the most superior general combiners for enhancing seed yield and key agronomic traits. Furthermore, cross combinations such as TAKM-140 x BMB-2302, SML-668 x BMB-2311 and PANT-M-5 x BPMR-32 demonstrated highly significant specific combining ability (SCA) effects for final seed yield per plant. The genetic variance evaluation confirmed that specific combining ability variance () significantly exceeded general combining ability variance () across all ten studied characters. Consequently, the variance ratio () was strictly less than unity, demonstrating an absolute preponderance of non-additive gene action governing these traits. Therefore, breeding strategies such as biparental mating or recurrent selection in early segregating generations are strongly recommended to effectively exploit this non-additive variance for future crop improvement.
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