“Genetic Variability studies in Bambara groundnut accessions imported from IITA, Ibadan, Nigeria"

ABSTRACT
Bambara groundnut (Vigna subterranea (L.) Verdc.), an indigenous African legume of the Fabaceae family, is renowned for its resilience under adverse environmental conditions, making it a vital "famine crop." This study aimed to assess the genetic variability and heritability of 24 quantitative traits among 84 Bambara groundnut accessions cultivated during the kharif season of 2024 at Zonal Agricultural Research Station, Mandya. An augmented design was used, and traits were analyzed using statistical tools, including phenotypic and genotypic coefficients of variation (PCV and GCV), heritability, genetic advance, skewness, and kurtosis. Substantial phenotypic variability was observed in traits such as pod number, seed yield, and plant spread. High PCV and GCV values, coupled with high heritability and genetic advance, were noted for traits like seed yield, number of pods per plant, number of leaves, and test weight, suggesting additive gene action and strong potential for selection-based improvement. Skewness and kurtosis analyses indicated the presence of gene interactions and the genetic architecture underlying trait distributions. The findings provide a basis for effective selection in Bambara groundnut breeding programs aimed at enhancing yield and adaptability.
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Introduction
[bookmark: _Hlk189995657]Bambara groundnut scientifically called as Vigna subterranea (L.) Verdc., is a member of Fabaceae family and is indigenous to Africa. It is an autogamous annual legume crop with chromosome number 2n=2x=22. In Africa, it ranks third in importance next only to peanut and cowpea (Sellschope, 1962). Bambara groundnut is found to be more closely related to cowpea (Vigna unguiculata) than any other pulses. The word “Bambara’ is derived from the name of a tribe near Timbuktu in central Mali, West Africa and the name “groundnut’ is because it sets pods beneath the ground, hence it’s called as “Bambara groundnut” (Goli et al., 1997). It is also termed as a “famine culture” crop because it has got many natural agronomic benefits including abiotic stress tolerance, high nutritional value, and the ability to yield well in environments that may be too hostile for more favoured legumes and not prone to the risk of total crop failure, especially in regions of low and uncertain rainfall (Massawe et al., 2002). Heritable variation can be evaluated through parameters such as the phenotypic coefficient of variation (PCV) and the genotypic coefficient of variation (GCV). Since absolute values of phenotypic and genotypic variance differ due to variations in measurement units and mean values, coefficients of variation, expressed as percentages are preferred for comparing variability across traits. Analysing the genotypic, phenotypic, and environmental components of variance helps determine the relative contribution of heritable and non-heritable factors, aiding in the selection of traits for breeding programs. Key parameters like mean, PCV, GCV, heritability and genetic advance as a percentage of the mean provide critical insights. Heritability estimates indicate the degree to which genetic factors influence a trait and the potential effectiveness of selection, with broad-sense heritability quantifying the proportion of total observed variability attributable to genetic factors. 
Material and Methods
The study was carried out during the kharif season of 2024 at the Zonal Agricultural Research Station, V.C. Farm, Mandya, under the University of Agricultural Sciences, Bangalore. Eighty-four Bambara groundnut accessions (Table 1) and two checks (CGK-SB-42 and Uniswa red) were used for the study and the accessions were cultivated in an augmented design with a spacing of 45 cm × 15 cm. Standard agronomic practices were followed as per the crop production guidelines. Data recorded from five randomly chosen plants for all parameters were averaged, and genotype means were used to conduct descriptive statistical analyses, including calculations of range, mean, variance, and standard deviation. All quantitative traits were assessed using the descriptors provided by IPGRI (2000). A total of 24 quantitative traits were examined during the study (Table 2) viz, Days to Germination (DG), Days to First Flowering (DFF), Days to Fifty Percent Flowering (DFT), Number of Flowers per Peduncle (NFPP), Banner Length (BL), Peduncle Length (PL), Number of Stems (NOS), Number of Leaves (NL), Terminal Leaflet Length (TLL), Terminal Leaflet Width (TLW), Petiole Length (PETL), Plant Spread (PLSP), Plant Height (PH), Days to Maturity (DM), Number of Pods per Plant (NOPP), Pod Length (POD), Pod Width (POW), Pod Thickness (PODT), Shelling Percentage (SP), Number of Seeds per Pod (NOSP), Seed Length (SEL), Seed Width (SW), Seed Yield (Y) and Test Weight (TW). The R statistical software (version 3.3.2) was used for the analysis. Heritability in broad sense was classified as suggested by Robinson et al. (1949) into: 0-30% as low, 30-60% as moderate, 60% and above as High. Genetic advance as per cent of mean was categorized into low (0-10%), moderate (10-20%) and high (>20%) as given below following the method of Johnson et al. (1955).
Results and Discussions
The analysis of variance (ANOVA) revealed highly significant differences among the genotypes for twelve out of the twenty-four quantitative traits studied. These traits included days to first flowering, days to 50% flowering, banner length (referring to the uppermost petal), plant height, number of stems, number of leaves, terminal leaf length, days to maturity, number of pods per plant, shelling percentage, yield, and test weight. This indicates considerable genetic variability among the genotypes (Table 2a, b).
Twenty-one traits viz., days to germination, days to first flowering, days to fifty per cent flowering, banner length, peduncle length, number of stems, number of leaves, terminal leaflet length, terminal leaflet width, petiole length, plant spread, plant height, days to maturity, number of pods/plant, pod length, pod width, shelling per cent, seed length, seed width, seed yield and test weight exhibited a broad range of values, suggesting significant variability. In contrast, traits like number of flowers per peduncle, pod thickness showed a narrow range, indicating limited variation. Chandana (2019) reported similar findings in Bambara groundnut where traits such as plant height, branches per plant, pods per plant, pod yield, seed yield and test weight exhibited a wide range of values, indicating substantial variability. In contrast, days to fifty percent flowering and germination percentage showed narrow range of values, suggesting less variation. 
The present observations are similar to the one carried out by Smita (2012) in M3 generation of mutant plant families, where the study revealed significant variability in quantitative traits compared to a control group. Although most mutant families in her study exhibited reduced plant height, branching, plant spread, pod number, and pod yield, several specific families (F-24, F-34, F-36, F-43, F-44, F-49, and F-61) showed promising increases in pod number and yield. Additionally, some families displayed enhanced seed yield, shelling percentage, and 100-seed weight compared to the control. 
A significant positive skewness and leptokurtic nature of distribution was noticed for traits viz., days to first flowering, peduncle length, number of leaves, petiole length, plant height, number of pods/plant, pod width, number of pods/plant and seed yield while number of flowers per peduncle showed negative skewness and leptokurtic nature of distribution. Positive skewness suggests complementary gene interactions, while negative skewness indicates duplicate gene interactions (additive × additive). Genes contributing to a skewed distribution are more likely to exhibit dominance, regardless of whether their effect on the trait is increasing or decreasing. Traits following a leptokurtic distribution are influenced by fewer genes, whereas those with a platykurtic distribution are governed by a larger number of genes. Kurtosis tends to be negative or near zero when gene interactions are absent but becomes positive when gene interactions are present. A leptokurtic and positively skewed distribution suggests the influence of a limited number of segregating genes, where most contribute to a decreasing effect and exhibit a dominance-based complementary interaction.
PCV was high for traits like number of pods/plant (61.1%),seed yield per plant (56.9%), number of leaves (44.7%), terminal leaflet length (37.3%), number of seeds/pods (34.60%), number of stems (33.7%), test weight (32.60%), terminal leaflet width (31.3%), peduncle length (27.70%), banner length (23.8%), pod thickness (23.70%), plant spread (23.4%) and seed width (21.2%). The PCV values were medium for pod length (18.8%), petiole length (18.6%), pod width (14.9%), number of flowers per pod (14.6%), seed length (14.2%), days to germination (13.6%) and plant height (12.4%) while PCV was low for shelling percentage (9.54%), days to first flowering (8.08%), days to fifty per cent flowering (8.99%) and days to maturity (4.65%). Similar reports on low PCV were observed in Bambara groundnut by Veeraghanti et al. (2015) for both days to flowering and plant height while high variability in quantitative traits like number of branches per plant, plant spread, pod yield, seed yield, shelling percentage, number of pods per plant, 100-seed weight and plant dry weight when compared to the control genotype (SB-42). 
The GCV was highest for traits like number of pods per plant (51.60%), seed yield per plant (50.20%), number of leaves (42.27%), test weight (31.90%), number of stems (27.00%), terminal leaflet width (26.80%), peduncle length (24.20%), number of seeds/pods (23.30%), pod thickness (21.50%), plant spread (20.10%) and seed width (20.10%). GCV was found to be medium for terminal leaflet length (19.00%), banner length (17.60%), petiole length (12.70%), seed length (11.90%), pod width (10.50%) and pod length (10.40%). Lowest GCV was recorded for days to fifty per cent flowering (8.72%), shelling% (8.27%), number of flowers/peduncle (8.16%), days to first flowering (7.60%), plant height (7.60%), days to germination (7.09%) and days to maturity (4.30%). Similar research by Goli et al. (1997) on Bambara groundnut collections at IITA highlighted substantial agro-morphological diversity, which could be leveraged for crop improvement.
[bookmark: _Hlk191940060]High heritability coupled with high genetic advance over mean was observed for traits like yield, number of leaves, number of pods/plants, test weight, number of stems, peduncle length, pod thickness, plant spread and terminal leaf width indicating that these traits were regulated by additive gene action, providing ample opportunities for their improvement through single-plant selection. The findings align with those of Smita (2012), who reported high heritability along with a high genetic advance as a percentage of the mean (GAM) for traits such as plant spread, pods per plant, pod yield per plant, and seed yield per plant. Tyagi et al. (2000) carried out a genetic variability study in 24 cowpea germplasms revealing a significant variability in flowering time, plant height, seed yield, and maturity. These traits exhibited high heritability and genetic advance, suggesting effective selection potential. Limited variability combined with high heritability for the trait, seed length suggests the involvement of non-additive gene action, offering limited scope for improvement. Cornelius (1994) stated that selecting traits with low to moderate heritability and low genetic advance may need to be postponed in trait improvement until their genetic effects become more pronounced than environmental influences. 
Conclusion
Genetic variability in Bambara groundnut provides vital information for breeders working to create improved varieties with enhanced traits such as a greater number of pods per plant, pod size, number of seeds per pod etc. Breeding programs typically target individuals with favourable traits from genetically diverse backgrounds. By crossing genetically distinct plants, breeders improve the likelihood of producing offspring with unique and desirable trait combinations. Traits such as seed yield, number of pods per plant, number of leaves and test weight were found to be governed predominantly by additive gene action, making them ideal candidates for improvement through direct selection. The skewness and kurtosis analysis further supported the presence of complementary gene interactions and indicated the influence of a limited number of genes in controlling key traits. These findings provide a strong foundation for targeted breeding programs aimed at enhancing yield and adaptability in the crop. Future research should focus on molecular characterization and marker-assisted selection to dissect the genetic architecture of promising traits, validate candidate genes and accelerate the development of high-yielding, stress-resilient genotypes
Table 1: List of Bambara groundnut accessions used for characterization
	Sl. No.
	Genotypes
	Sl. No.
	Genotypes
	Sl. No.
	Genotypes

	1
	TVSu-5
	29
	TVSu-536
	57
	TVSu-1108

	2
	TVSu-6
	30
	TVSu-545
	58
	TVSu-1123

	3
	TVSu-11
	31
	TVSu-574
	59
	TVSu-1252

	4
	TVSu-97
	32
	TVSu-592
	60
	TVSu-1260

	5
	TVSu-106
	33
	TVSu-597
	61
	TVSu-1272

	6
	TVSu-138
	34
	TVSu-598
	62
	TVSu-1321

	7
	TVSu-158
	35
	TVSu-611
	63
	TVSu-1379

	8
	TVSu-217
	36
	TVSu-612
	64
	TVSu-1388

	9
	TVSu-235
	37
	TVSu-627
	65
	TVSu-1394

	10
	TVSu-262
	38
	TVSu-633
	66
	TVSu-1403

	11
	TVSu-270
	39
	TVSu-640
	67
	TVSu-1408

	12
	TVSu-275
	40
	TVSu-691
	68
	TVSu-1431

	13
	TVSu-283
	41
	TVSu-698
	69
	TVSu-1451

	14
	TVSu-287
	42
	TVSu-702
	70
	TVSu-1459

	15
	TVSu-302
	43
	TVSu-723
	71
	TVSu-1603

	16
	TVSu-303
	44
	TVSu-740
	72
	TVSu-1614

	17
	TVSu-328
	45
	TVSu-878
	73
	TVSu-1620

	18
	TVSu-329
	46
	TVSu-884
	74
	TVSu-1641

	19
	TVSu-330
	47
	TVSu-885
	75
	TVSu-1658

	20
	TVSu-334
	48
	TVSu-926
	76
	TVSu-1662

	21
	TVSu-367
	49
	TVSu-975
	77
	TVSu-1684

	22
	TVSu-442
	50
	TVSu-989
	78
	TVSu-1693

	23
	TVSu-445
	51
	TVSu-1034
	79
	TVSu-1721

	24
	TVSu-455
	52
	TVSu-1038
	80
	TVSu-1829

	25
	TVSu-458
	53
	TVSu-1049
	81
	TVSu-1833

	26
	TVSu-505
	54
	TVSu-1051
	82
	TVSu-1887

	27
	TVSu-513
	55
	TVSu-1068
	83
	TVSu-1940

	28
	TVSu-527
	56
	TVSu-1069
	84
	TVSu-1972














[bookmark: _Hlk190177893]TABLE 2 a. Analysis of variance (ANOVA) for twenty-four traits in 84 Bambara groundnut (Vigna subterranea L. Verdc.) accessions and two checks
	
	
	
	Mean square

	Source
	df
	DG
	DFF
	DFT
	NFPP
	BL
	PL
	NOS
	NL
	TLL
	TLW
	PETL
	PLSP

	Treatment (ignoring Blocks)
	85


	1.18ns
	18.25**
	38.89**
	0.08ns
	2.12ns
	27.72*
	31.71*
	2467.92**
	164.48ns
	30.04ns
	7.98ns
	40.22ns

	Treatment: Check
	1
	0.50ns
	46.72**
	29.39**
	0.06ns
	12.50**
	2.35ns
	156.06**
	1624.50*
	7.22ns
	41.10ns
	15.31ns
	9.83ns

	Treatment: Test
	83
	1.20ns
	13.94**
	25.83**
	0.08ns
	1.93ns
	27.79*
	28.09*
	2449.95**
	159.25ns
	30.20ns
	7.98ns
	41.04ns

	Treatment: Test vs. Check
	1
	0.24ns
	347.43**
	1132.87**
	0.00ns
	7.07*
	47.33*
	207.57**
	4802.82**
	755.71*
	5.59ns
	0.82ns
	2.31ns

	Block (eliminating Treatments)
	8
	0.93ns
	2.60ns
	2.43ns
	0.06ns
	1.37ns
	2.94ns
	14.47ns
	345.00ns
	32.49ns
	21.23ns
	2.93ns
	25.67ns

	Residuals
	8
	0.87
	1.60
	1.51
	0.06
	0.88
	6.47
	8.56
	219.00
	118.07
	51.21
	4.27
	48.42




[bookmark: _Hlk190177910]TABLE 2 b. Analysis of variance (ANOVA) for twenty-four traits in 84 Bambara groundnut (Vigna subterranea L. Verdc.) accessions and two checks
	
	
	Mean square

	Source
	df
	PH
	DM
	NOPP
	POD
	POW
	PODT
	SP
	NOSP
	SEL
	SW
	Y
	TW

	Treatment (ignoring Blocks)
	85
	5.80ns
	75.05**
	157.26ns
	11.73ns
	3.50ns
	0.06**
	65.51**
	0.18ns
	2.30*
	1.33ns
	851.17**
	241.10**

	Treatment: Check
	1
	12.33ns
	329.39**
	2.00ns
	9.53ns
	38.14**
	0.02ns
	213.56**
	0.22ns
	0.25ns
	0.22ns
	2652.35**
	833.68**

	Treatment: Test
	83
	5.79ns
	39.69**
	137.51ns
	11.85ns
	3.12ns
	0.06**
	36.62*
	0.18ns
	2.32*
	1.36ns
	811.49**
	197.93**

	Treatment: Test vs. Check
	1
	0.39ns
	2755.86**
	1952.30**
	4.58ns
	0.11ns
	0.03ns
	2315.74**
	0.20ns
	2.65ns
	0.37ns
	2343.52**
	3231.82**

	Block (eliminating Treatments)
	8
	3.11ns
	20.56*
	26.75ns
	13.57ns
	4.28ns
	0.04*
	27.75ns
	0.10ns
	1.96ns
	0.69ns
	24.73ns
	175.16**

	Residuals
	8
	3.62
	5.89
	68.75
	8.21
	1.57
	0.01
	9.06
	0.10
	0.69
	0.98
	53.68
	8.48


*significant at p=5% ,**significant at p=1%
DG = Days to germination, DFF = Days to first flowering, DFT = Days to fifty percent flowering, NFPP = Number of flowers/peduncle, BL = Banner length,  PL = Peduncle length, NOS = No of stems, NL = Number of leaves, TLL = Terminal leaflet length, TLW = Terminal leaflet width, PETL= Petiole Length, PLSP = Plant spread, PH = Plant height, DM = Days to maturity, NOPP = Number of pods/plant, POD = Pod length, POW = Pod width, PODT = Pod thickness, SP = Shelling %, NOSP = Number of seeds/pods, SEL = Seed length, SW = Seed width, Y = Seed Yield, TW = Test weight

Table 3: Descriptive statistics of various quantitative traits during kharif 2024 in Mandya
	Trait
	Mean ± S.E.m
	Range
	GCV
	PCV
	hBS
	GAM
	CV
	Skewness
	Kurtosis

	
	
	Min
	Max
	
	
	
	
	
	
	

	DG
	8.04 ± 0.14
	4.44
	11.44
	7.09
	13.60
	27.10
	7.61
	11.60
	0.10
	3.60

	DFF
	46.23 ± 0.42
	37.61
	59.61
	7.60
	8.08
	88.50
	14.75
	2.77
	0.92**
	5.20**

	DFT
	56.52 ± 0.57
	46.78
	73.56
	8.72
	8.99
	94.10
	17.46
	2.23
	0.63*
	3.50

	NFPP
	1.94 ± 0.03
	0.94
	2.94
	8.16
	14.60
	31.20
	9.41
	12.10
	-1.10**
	7.90**

	BL
	5.83 ± 0.17
	3.17
	9.67
	17.6
	23.80
	54.70
	26.90
	16.30
	0.33
	2.20*

	PL
	19.06 ± 0.58
	7.37
	39.92
	24.2
	27.70
	76.70
	43.75
	13.50
	0.74**
	5.20**

	NOS
	14.46 ± 0.61
	3.11
	28.61
	27.00
	33.70
	64.00
	44.51
	19.60
	0.24
	2.70

	NL
	110.8 ± 5.58
	3.17
	244.7
	42.70
	44.70
	91.10
	83.96
	13.10
	0.50
	3.00

	TLL
	33.8 ± 1.39
	15.21
	71.60
	19.00
	37.30
	25.90
	19.92
	33.70
	0.54*
	2.60

	TLW
	17.57 ± 0.65
	6.52
	31.52
	26.80
	31.30
	71.00
	28.01
	41.70
	0.19
	2.20*

	PETL
	15.21 ± 0.34
	8.98
	25.08
	12.70
	18.60
	46.50
	17.82
	13.60
	0.76**
	3.90

	PLSP
	27.34 ± 0.8
	13.04
	46.84
	20.10
	23.40
	72.20
	23.90
	25.70
	0.19
	2.50

	PH
	19.34 ± 0.29
	14.29
	26.84
	7.60
	12.40
	37.40
	9.59
	9.88
	0.38
	3.10

	DM
	135.3 ± 0.79
	117.8
	151.1
	4.30
	4.65
	85.20
	8.18
	1.82
	0.01
	2.40

	NOPP
	23.85 ± 1.81
	11.50
	97.32
	51.60
	61.10
	71.30
	89.78
	30.90
	2.05**
	9.00**

	PODL
	18.33 ± 0.48
	8.29
	32.04
	10.40
	18.80
	30.70
	11.89
	15.60
	0.45
	3.70

	PODW
	11.89 ± 0.24
	5.42
	17.57
	10.50
	14.90
	49.90
	15.29
	10.40
	-0.40
	3.40

	PODT
	1.04 ± 0.03
	0.43
	1.72
	21.50
	23.70
	82.30
	40.16
	10.00
	0.03
	2.50

	SP
	63.45 ± 0.75
	46.27
	79.17
	8.27
	9.54
	75.30
	14.81
	4.60
	0.17
	2.70

	NOSP
	1.22 ± 0.05
	0.61
	2.11
	23.30
	34.60
	45.10
	32.22
	25.90
	0.84**
	2.90

	SEL
	10.76 ± 0.18
	6.24
	14.04
	11.90
	14.20
	70.30
	20.55
	7.85
	-0.50
	2.90

	SW
	8.45 ± 0.19
	5.32
	15.92
	20.10
	21.20
	90.30
	39.46
	6.62
	1.61**
	7.40**

	Y
	23.47 ± 1.66
	12.68
	88.14
	50.20
	56.90
	77.70
	91.24
	25.80
	2.08**
	8.30**

	TW
	43.18 ± 1.66
	6.50
	84.35
	31.90
	32.60
	95.70
	64.33
	7.03
	-0.10
	3.10
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