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Genetic Variability and Divergence in black gram [Vigna mungo (L.) Hepper] Genotypes for Agronomic Traits, Yield and Yield Attributes



ABSTRACT
Background and aim: Black gram (Vigna mungo L. Hepper) is an important pulse crop in India, valued for its high protein content and adaptability to diverse agro-climatic conditions; however, improvement in yield largely depends on the availability and effective utilization of genetic variability among the genotypes. The genetic study was carried out during Zaid 2025 to evaluate variability and divergence present among sixteen black gram (Vigna mungo L. Hepper) genotypes for yield attributes. 
Methods: The experiment was laid out in a Randomized Block Design (RBD) with three replications and data were recorded on ten agronomic traits, yield, and yield attributes. The recorded data were analyzed using Analysis of Variance (ANOVA) to detect significant differences among genotypes. Genetic variability parameters (Phenotypic and Genotypic Coefficients of Variation, heritability, and genetic advance over mean) were estimated, and genetic divergence among the genotypes were assessed using Mahalanobis D2 statistics followed by cluster analysis. All the analyses were computed in MS-Excel.
Results: Significant differences were observed among the genotypes for all the traits, indicating broad genetic variability. High heritability coupled with high genetic advance was recorded for number of branches per plant, number of clusters per plant, number of pods per cluster, number of pods per plant and number of seeds per pod suggesting the predominance of additive gene action. The genetic divergence has analyzed using Mahalanobis’ D² and genotypes were grouped into seven distinct clusters, with a maximum inter-cluster distance observed between Clusters II and VI, implying scope for the exploitation of heterosis. Cluster mean analysis revealed trait-specific superiority, with T 912 excelling in number of pods per plant, pod length, seed weight and single plant yield, while ADT 3 and VBN 8 and VBN 5 were also promising. Contribution towards genetic divergence identified that number of seeds per pod and single plant yield as the major contributors. 
Conclusion: Overall, the study revealed the presence of considerable genetic variability and divergence among the evaluated black gram genotypes. Among them, T 912, ADT 3, VBN 8 and VBN 5 emerged as promising genotypes with superior performance for important yield attributes. The results suggest that emphasis on traits such as number of seeds per pod, pod length and single plant yield could enhance selection efficiency and aid in the development of high-yielding varieties. The study provides useful information for the identification of potential parental lines for hybridization programmes. However, the findings are based on evaluation of a limited number of genotypes under a single environment, and therefore multi-location testing with a larger set of germplasm would further strengthen the selection of stable and superior genotypes for breeding programmes.
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1. INTRODUCTION
Black gram (Vigna mungo L. Hepper), commonly known as Urd bean, is a significant grain legume that was domesticated from its wild progenitor, Vigna mungo var. silvestris (Lukoki et. al., 1980; Jayashree et. al., 2019). India holds the distinction of being the world's largest producer as well as consumer of black gram (Sushmitharaj et. al., 2018). According to the 2nd advance estimates for 2023-24 black gram production in India is estimated at 2.05 million tonnes from an area of around 4 million hectares, with an average productivity of approximately 598 kg/ha. This marks a slight decrease from the 2.63 million tonnes recorded in 2022-23 (Prasanna et. al., 2024). Black gram is a day-neutral, warm-season crop adaptable to semi-arid to lowland and subtropical regions (Jamil et. al., 2022). Understanding the genetic potential of crop genotypes is essential for crop improvement and this potential can be effectively measured through variability parameters. (Sathya et. al.,2021). Genetic diversity, defined as the variation in genes and traits within and among plant populations, is essential for successful plant breeding as it provides the basic material for developing improved cultivars with higher yield, better disease resistance and enhanced tolerance to environmental stresses. Despite the importance of black gram as a major pulse crop in India, yield improvement has been relatively slow due to the limited information on the extent of genetic variability and divergence available among the existing cultivars and breeding lines. Identification of genetically diverse and superior genotypes is therefore crucial for selecting appropriate parental combinations in breeding programmes. Multivariate techniques such as Mahalanobis’ D² analysis are widely used to assess genetic divergence and to group genotypes into clusters with minimum intra-cluster and maximum inter-cluster variation (Kumar et. al., 2014). Cluster analysis based on D² statistics provides a measure of generalized genetic distance among genotypes and helps in identifying suitable parents for hybridization (Rao, 1952). Therefore, the present investigation was undertaken to assess the mean performance, genetic variability and genetic divergence among selected black gram genotypes in order to identify promising parents for yield improvement.
2. MATERIAL AND METHODS
The experiment was conducted at Nalanda College of Agriculture, Tiruchirappalli during the Zaid season of 2025 to assess genetic variability and divergence among sixteen black gram genotypes for agronomic traits, yield, and yield attributes. The trial was laid out in a Randomized Block Design (RBD) with three replications, each genotype sown in two rows of 2 meter with a spacing of 45 × 10 cm. Two seeds per hill were dibbled, thinned to one plant before 15 days after sowing. Standard irrigation practices were followed, including life-saving irrigation on the third day after sowing and subsequent need-based flooding. Observations on ten traits viz., days to 50 percent flowering, plant height, number of branches per plant, number of clusters per plant, number of pods per cluster, number of pods per plant, pod length, number of seeds per pod, seed test weight and single plant yield were recorded from five randomly selected plants in each replication. Observed data were analyzed using standard statistical methods suggested by Panse and Sukhatme, 1967; Snedecor, 1946; Lush, 1940; Burton, 1952; Sivasubramanian and Menon, 1973; Johnson et. al., 1955. Genetic divergence was estimated through Mahalanobis’ D² analysis (1936) and genotypes were ranked by the method suggested by Singh and Chaudhary (1977). All the analysis were done using MS-Excel.
3. RESULTS AND DISCUSSION
Sixteen black gram genotypes showed a significant variation for all ten yield attributes (Table 1), indicating abundant genetic variability. Days to 50 percent flowering ranged from  31.33 days (ADT 5) to 42.67 days (VBN 3), while plant height varied between 37.33 cm (ADT 3) and 48.66 cm (VBN 12). Yield attributes such as number of branches per plant, number of clusters per plant, number of pods per plant, pod length, number of seeds per pod and seed test weight also showed broad variation. The highest single plant yield was recorded in ADT 5 (6.45 g), followed by VBN 8, VBN 12, ADT 3, VBN 5 and T 912. A comparative ranking of genotypes based on score values and relative yield is presented in Table 2. The score chart further facilitated the identification of superior genotypes by integrating multiple yield attributes and relative yield values.
Table 1: Mean performance of yield attributes
	S. No.
	Genotypes
	DFF
	PHT (cm)
	NBP
	NCP
	NPC
	NPP
	PL (cm)
	NSP
	STW (g)
	SPY(g)

	1. 
	ADT - 5
	31.33
	43.73
	10.66*
	10.00*
	6.00
	19.33*
	6.00
	7.00*
	4.80
	6.45*

	2. 
	ADT - 6
	38.00
	44.33
	8.00
	6.33
	6.33
	17.00*
	4.80
	6.00
	4.20
	4.29

	3. 
	KKM 1
	39.33*
	47.16*
	8.00
	5.33
	4.00
	11.66
	4.46
	3.33
	4.33
	4.65

	4. 
	VBN - 6
	35.66
	45.00
	6.00
	9.66*
	6.00
	13.33
	6.33*
	4.00
	5.00*
	4.68

	5. 
	VBN - 8
	37.00
	46.50*
	10.33*
	10.66*
	8.00*
	12.66
	5.50
	4.00
	4.80
	5.98*

	6. 
	VBN -10
	33.33
	46.00
	7.66
	6.33
	4.00
	16.00
	5.70
	5.33
	3.83
	4.95

	7. 
	VBN -11
	38.33*
	47.50*
	10.66*
	7.33
	6.00
	17.00*
	5.53
	6.66*
	4.83
	5.41

	8. 
	VBN -12
	36.00
	48.66*
	11.33*
	10.00*
	7.33*
	17.33*
	6.53*
	7.33*
	5.56*
	6.37*

	9. 
	ADT-3
	35.67
	37.33
	10.67*
	10.00*
	6.00
	8.00
	6.00*
	7.00*
	4.80
	6.09*

	10. 
	CO7
	38.00
	43.00
	8.00
	6.33
	6.33
	12.66
	4.80
	6.00
	4.20
	4.96

	11. 
	VBN-2
	36.00
	46.67*
	9.00
	5.33
	3.33
	10.33
	4.47
	3.33
	4.43
	4.99

	12. 
	VBN-3
	42.67*
	45.00
	5.00
	9.67*
	3.67
	9.33
	6.33*
	4.00
	4.63
	4.69

	13. 
	VBN-5
	37.33
	46.50*
	6.67
	10.67*
	11.33*
	18.67*
	5.57
	4.00
	4.80
	5.98*

	14. 
	VBN-9
	38.00
	46.00
	6.67
	6.33
	4.00
	18.00*
	5.70
	7.00*
	3.83
	5.29

	15. 
	KM-2
	40.00*
	47.50*
	7.00
	8.33
	6.33
	17.00*
	5.53
	6.67*
	4.73
	5.36

	16. 
	T-912
	36.00
	37.83
	8.00
	11.33*
	9.00*
	20.00*
	6.53*
	7.00*
	5.57*
	6.37*

	Grand mean
	37.05
	44.93
	8.35
	8.35
	6.10
	14.90
	5.62
	5.55
	4.65
	5.41

	SE
	1.28
	1.34
	0.74
	0.89
	0.94
	1.45
	0.29
	0.62
	0.22
	0.27

	CD at 5 percent
	3.72
	3.87
	2.12
	2.54
	2.70
	4.16
	0.83
	1.80
	0.62
	0.78


*Significant at 5 % and the bold values indicate maximum and minimum values.
Table 2: Score chart for mean performance of genotypes for yield attributes
	Genotype
	DFF
	PHT (cm)
	NBP
	NCP
	NPC
	NPP
	PL (cm)
	NSP
	STW (g)
	SPY (g)
	Total score
	RY (percent)

	ADT - 5
	0
	0
	1
	1
	0
	1
	0
	1
	0
	1
	5
	100.00

	ADT - 6
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	66.51

	KKM 1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	2
	72.09

	VBN - 6
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0
	3
	72.56

	VBN - 8
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	5
	92.71

	VBN -10
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	76.74

	VBN -11
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	5
	83.88

	VBN -12
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9
	98.76

	ADT-3
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	5
	94.42

	CO7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	76.90

	VBN-2
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	77.36

	VBN-3
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	3
	72.71

	VBN-5
	0
	1
	0
	1
	1
	1
	0
	0
	0
	1
	5
	92.71

	VBN-9
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	2
	82.02

	KM-2
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0
	4
	83.10

	T-912
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	7
	98.76


DFF - Days to 50% flowering, PHT - Plant height(cm), NBP - No. of branches/plant,  NCP - No. of clusters per plant    NPC - No. of pods per cluster, NPP - No. of pods per plant, PL - Pod length (cm), NSP - No. of seeds per pod, STW - Seed Test weight(g), and SPY-Single Plant yield(g).
Estimates of variability (Table 3; Figure 1) revealed higher PCV than GCV for all traits, highlighting there is an influence of environmental factors. The estimate on High heritability coupled with high genetic advance was observed for number of branches per plant, number of clusters per plant, number of pods per cluster, number of pods per plant and number of seeds per pod, suggesting prevalence of additive gene action and the selection of these traits will be effective.
Table 3: Genetic Variability parameters for yield attributes
	Character
	DFF
	PHT (cm)
	NBP
	NCP
	NPC
	NPP
	PL (cm)
	NSP
	STW (g)
	SPY(g)

	Range
	31.33-42.67
	37.33-47.50
	5.00-11.33
	5.33-11.33
	3.33-11.33
	8.00-20.00
	4.46-6.53
	3.33-7.33
	3.83-5.57
	4.29 - 6.45

	Mean
	37.05
	44.93
	8.35
	8.35
	6.10
	14.90
	5.62
	5.55
	4.65
	5.41

	Phenotypic variance (PV)
	10.22
	13.99
	4.73
	6.01
	6.27
	18.30
	0.63
	3.04
	0.35
	0.65

	Genotypic variance (GV)
	5.24
	8.60
	3.09
	3.67
	3.66
	12.07
	0.39
	1.88
	0.21
	0.43

	Phenotypic coefficient of variation
(PCV) in percent
	8.63
	8.33
	26.01
	29.34
	41.04
	28.71
	14.18
	31.45
	12.71
	14.91

	Genotypic coefficient of variation
(GCV) in percent
	6.18
	6.53
	21.06
	22.95
	31.32
	23.32
	11.06
	24.74
	9.80
	12.10

	Heritability in broad sense
(h2) in percent
	51.31
	61.48
	65.55
	61.16
	58.24
	65.97
	60.88
	61.90
	59.56
	65.93

	Genetic advance (GA)
	3.38
	4.74
	2.93
	3.09
	3.00
	5.81
	1.00
	2.22
	0.72
	1.09

	GA as percent of Mean
	9.12
	10.55
	35.12
	36.96
	49.24
	39.02
	17.79
	40.09
	15.59
	20.24


DFF - Days to 50% flowering, PHT - Plant height(cm), NBP - No. of branches/plant,  NCP - No. of clusters per plant    NPC - No. of pods per cluster, NPP - No. of pods per plant, PL - Pod length (cm), NSP - No. of seeds per pod, STW - Seed Test weight(g), and SPY-Single Plant yield(g).
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Figure 1:  Genotypic Coefficient of Variation % (GCV) , Heritability in broad sense % (H2), and Genetic Advance as percent of Mean % (GAM).
DFF - Days to 50% flowering, PHT - Plant height(cm), NBP - No. of branches/plant,  NCP - No. of clusters per plant    NPC - No. of pods per cluster, NPP - No. of pods per plant, PL - Pod length (cm), NSP - No. of seeds per pod, STW - Seed Test weight(g), and SPY-Single Plant yield(g).
The genotypes were grouped based on Mahalanobis’ D² analysis into seven distinct clusters (Table 4; Figure 2 and Figure 3), confirming presence of broad genetic divergence. Cluster III was the largest (4 genotypes), while Clusters VI (ADT 3) and VII (T 912) were solitary, indicating their distinct genetic identity. Maximum inter-cluster distance was observed between Clusters II and VI, suggesting potential heterotic combinations (Table 5).
Table 4: Clustering pattern of Sixteen genotypes
	Cluster number
	Total number                        of genotypes
	Genotypes
	Source

	1

	3
	KKM 1
	Tamil Nadu Agricultural University, Coimbatore

	
	
	VBN-2
	National Pulse Research Centre, Vamban

	
	
	CO7
	Tamil Nadu Agricultural University, Coimbatore

	2

	3
	VBN -10
	National Pulse Research Centre, Vamban

	
	
	VBN-9
	National Pulse Research Centre, Vamban

	
	
	ADT - 6
	Tamil Nadu Rice Research Station, Aduthurai

	3
	4
	VBN -11
	National Pulse Research Centre, Vamban

	
	
	KM-2
	STAMIN, Kudumiyanmalai

	
	
	VBN -12
	National Pulse Research Centre, Vamban

	
	
	ADT - 5
	Tamil Nadu Rice Research Station, Aduthurai

	4

	2
	VBN - 6
	National Pulse Research Centre, Vamban

	
	
	VBN-3
	National Pulse Research Centre, Vamban

	5
	2
	VBN - 8
	National Pulse Research Centre, Vamban

	
	
	VBN-5
	National Pulse Research Centre, Vamban

	6
	1
	ADT-3
	Tamil Nadu Rice Research Station, Aduthurai

	7
	1
	T-912
	STAMIN, Kudumiyanmalai
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Figure 2: Network diagram depicting inter-cluster genetic divergence among seven clusters based on Mahalanobis D² statistics.
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Figure 3: Dendrogram illustrating genetic divergence among seven clusters based on Mahalanobis D² statistics.
Table 5: Average intra and inter cluster D2 and D values 
	Clusters
	I
	II
	III
	IV
	V
	VI
	VII

	I
	15.856
(3.981)
	45.263
(6.727)
	49.821
(7.058)
	52.237
(7.227)
	44.295
(6.655)
	57.580
(7.588)
	83.889
(9.159)

	II
	
	17.006
(4.123)
	33.618
(5.798)
	65.483
(8.092)
	71.232
(8.439)
	112.586
(10.610)
	74.357
(8.623)

	III
	
	
	19.322
(4.395)
	61.431
(7.837)
	41.055
(6.407)
	79.885
(8.937)
	39.565
(6.290)

	IV
	
	
	
	18.690
(4.323)
	52.106
(7.218)
	79.082
(8.892)
	54.411
(7.376)

	V
	
	
	
	
	23.300
(4.827)
	44.592
(6.677)
	42.933
(6.552)

	VI
	
	
	
	
	
	0
	55.380
(7.441)

	VII
	
	
	
	
	
	
	0


Values in parenthesis are the D values and bold values indicate intra cluster distances
Cluster mean analysis (Table 6) indicated trait-specific superiority. Cluster VI was shows an earlier days to 50 percent flowering and had the highest number of branches per plant, Cluster V excelled in number of clusters per plant and number of pods per cluster, while Cluster VII  (T 912) recorded maximum number of pods per plant, pod length, seed test weight and single plant yield.
[bookmark: _Hlk223877985]Table 6: Cluster mean values for ten yield attributes
	Cluster

Character
	I
	II
	III
	IV
	V
	VI
	VII

	Days to 50 % flowering  (DFF)
	37.778
	36.444
	36.417
	39.167
	37.167
	35.667
	36.000

	Plant height  (PHT)
	45.611
	45.444
	46.850
	45.000
	46.500
	37.333
	37.833

	Number of branches per plant (NBP)
	8.333
	7.445
	9.917
	5.500
	8.500
	10.667
	8.000

	Number of clusters per plant (NCP)
	5.666
	6.333
	8.917
	9.667
	10.667
	10.000
	11.333

	Number of pods per cluster(NPC)
	4.555
	4.778
	6.417
	4.834
	9.667
	6.000
	9.000

	Number of pods per plant (NPP)
	11.556
	17.000
	17.667
	11.333
	15.667
	8.000
	20.000

	Pod length (PL)
	4.578
	5.400
	5.900
	6.333
	5.534
	6.000
	6.533

	Number of seeds per pod(NSP)
	4.222
	6.111
	6.917
	4.000
	4.000
	7.000
	7.000

	Seed Test weight (STW)
	4.322
	3.955
	4.983
	4.817
	4.800
	4.800
	5.567

	Single Plant yield(SPY)
	4.867
	4.843
	5.899
	4.687
	5.983
	6.087
	6.370


Underlined bold figures indicate maximum cluster mean values and only bold figures indicate minimum cluster mean values.
Contribution towards genetic divergence (Table 7; Figure 3) showed number of seeds per pod (25 percent) and single plant yield (20 percent) as major contributors to divergence, followed by pod length and number of pods per plant. Similar results were reported in earlier studies (Meena et. al., 2020; Bhanuprasad et. al., 2022; Pavithra et. al., 2024).Overall, the results highlight the presence of substantial variability and divergence among the genotypes. Genotypes from divergent clusters, particularly Cluster VII (T 912), Cluster VI (ADT 3) and Cluster V (VBN 8, VBN 5), are promising parents for hybridization to generate superior genotypes. Emphasis on number of seeds per pod, pod length and single plant yield would improve breeding efficiency for yield improvement in black gram.
Table 7: Contribution of yield related characters towards genetic divergence
	S. No
	Character
	Number of times ranked first
	Contribution (percentage)

	1. 
	Days to 50 % flowering  (DFF)
	6
	5.00

	2. 
	Plant height  (PHT)
	7
	5.84

	3. 
	Number of branches per plant (NBP)
	10
	8.33

	4. 
	Number of clusters per plant (NCP)
	6
	5.00

	5. 
	Number of pods per cluster(NPC)
	4
	3.33

	6. 
	Number of pods per plant (NPP)
	10
	8.33

	7. 
	Pod length (PL)
	17
	14.17

	8. 
	Number of seeds per pod(NSP)
	30
	25.00

	9. 
	Seed Test weight (STW)
	6
	5.00

	10. 
	Single Plant yield(SPY)
	24
	20.00

	Total
	120
	100
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Figure 4: Percentage contribution of different traits towards genetic divergence based on Mahalanobis D² analysis.
The considerable variability observed among the evaluated black gram genotypes indicates the availability of sufficient genetic resources for yield improvement through selection and hybridization. Traits such as number of branches per plant, number of clusters per plant, number of pods per cluster, number of pods per plant and number of seeds per pod exhibited high heritability coupled with high genetic advance, suggesting the predominance of additive gene action and the effectiveness of direct phenotypic selection for these traits in breeding programmes. Similar findings were reported by Priya et. al. (2018), Reddy et. al. (2018) and Singh et. al. (2021), who also observed high heritability and genetic advance for yield-related traits in black gram. The grouping of genotypes into distinct clusters through Mahalanobis’ D² analysis further indicated the presence of substantial genetic divergence, which is useful for identifying genetically distant parents to generate superior recombinants. Comparable clustering patterns and the importance of selecting parents from divergent clusters have also been reported in earlier studies by Jayashree et. al. (2019) and Pavithra et. al. (2024) in black gram, as well as by Mahalingam et. al. (2018) and Mehandi et. al. (2015) in other Vigna species. The higher contribution of number of seeds per pod, pod length and single plant yield towards total genetic divergence in the present study further emphasizes their importance as key selection criteria for yield improvement. Therefore, hybridization among genetically divergent genotypes such as T-912, ADT-3, VBN-8 and VBN-5 could be effectively utilized to develop superior high-yielding black gram varieties.
4. Conclusion
The present investigation demonstrated considerable genetic variability and divergence among the sixteen black gram genotypes evaluated for yield and its associated traits, indicating the availability of exploitable genetic resources for crop improvement. The identification of genetically diverse and high-performing genotypes such as T-912, ADT-3, VBN-8 and VBN-5 provides valuable parental material for future hybridization programmes aimed at improving productivity in black gram. Among these, ADT-3 showed early flowering and higher branching ability, which could be advantageous for developing early-maturing cultivars suitable for short growing seasons or multiple cropping systems. In contrast, T-912 exhibited superior performance for important yield attributes such as number of pods per plant, pod length, seed test weight and single plant yield, highlighting its potential as a donor parent for enhancing yield potential. Similarly, genotypes VBN-8 and VBN-5 displayed desirable yield attributes and could be utilized in breeding programmes to combine favourable traits. 
The study also identified key yield-contributing characters, particularly number of seeds per pod, pod length and single plant yield, as major contributors to genetic divergence, emphasizing their importance as reliable selection criteria in breeding programmes. Selection based on these traits can improve the efficiency of breeding strategies aimed at developing high-yielding and well-adapted cultivars. Furthermore, the presence of genetically divergent clusters suggests that hybridization between genotypes belonging to distant clusters, especially clusters II and VI, may generate greater variability and transgressive segregants in subsequent generations. Therefore, the findings of the present study provide a useful foundation for designing effective breeding strategies to develop improved black gram cultivars with higher yield potential, early maturity and better adaptation to diverse agro-climatic conditions.
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