Organization of genetic variability for quantitative traits in groundnut (Arachis hypogaea L.) germplasm accessions


[bookmark: _GoBack]ABSTRACT
[bookmark: _Hlk147489186]Aims: To quantify genetic variability for yield and yield attributing traits and to assess genetic diversity among germplasm accessions of groundnut. 
Study design:  Augmented design. CoS, Chintamani, UASB during kharif 2022
Place and Duration of Study: Field unit, College of Sericulture, Chintamani, University of Agricultural Sciences, Bangalore, during kharif 2022. 
Methodology: A set of 170 groundnut germplasm accessions were evaluated along with three check varieties viz., KCG-6, TMV-2, and GKVK-27. Observations were recorded on yield and yield-attributing traits such as days to 50% flowering, pods plant-1, pod yield plant-1 (g), and kernel yield plant-1 (g). Statistical analysis of the data was carried out according to the augmented design and an analysis of variance was performed to partition the total variation among the germplasm accessions and check entries. Adjusted trait means of each germplasm accession, genotypic and phenotypic coefficients of variation and heritability were computed. To unravel the organization of variability among genotypes were classified following the model-based ‘k-means’ clustering approach. 
Results: Analysis of variation showed significant differences among the germplasm accessions. PCV, GCV and heritability estimates were high for pod yield plant-1 and kernel yield plant-1. k-means clustering analysis categorized the germplasm accessions into 17 clusters. Out of seventeen clusters, cluster XIII contained the maximum number of accessions of 21 followed by cluster I (20) and cluster II had the minimum number of three germplasm accessions. 
Conclusion: Significant variability and high genetic diversity were observed among 170 germplasm accessions. High-yielding and genetically diverse accessions identified in clusters XIV, IX, II, and V can serve as valuable parents for future hybridization and yield improvement programmes.
Key words: Germplasm accessions, Variability, Diversity, Yield, Clusters

1. INTRODUCTION
Groundnut (Arachis hypogeae L.) is an important food and oilseed crop commercially cultivated in India and widely grown in tropical and subtropical areas of the world. It is a self-pollinated annual herbaceous legume belonging to the family Fabaceae. Groundnut originated in the South American continent, primarily in the tropical areas of Peru. It is an important nutritious crop that is mainly grown for its protein and oil content.
Groundnut is cultivated in an area of 31 million hectares worldwide, with a production of 53.97 million tonnes and a productivity of 1685 kg per hectare (Anon, 2022a). The major groundnut-cultivating countries are India, China, Nigeria, Sudan, Senegal, and USA. India stands first in terms of groundnut acreage (5.7 million hectares), second in production (10.14 million tons) worldwide followed by China and has an average yield of 1777 kg per hectare (Anon, 2022). India accounts for 19% of the global groundnut production. 
Germplasm evaluation is a systematic method to determine genetic variation with respect to various morphological, physiological, and developmental characteristics, including stress tolerance, disease and pest resistance. Genetic variability is a prerequisite for any crop improvement program, as it provides a wider scope for selection. Knowledge of existing variability helps in the selection of superior parents. Thus, the effectiveness of selection depends on the nature, extent and magnitude of genetic variability present in the material and the extent to which it is heritable. For the assessment of genetic diversity, a non-hierarchical approach called k-means clustering is used, which partitions the variability into different groups or clusters based on k-means clustering (Mac Queen, 1967). k-means is a centroid-based or distance-based algorithm that computes distances to assign a point to a specific cluster, with each cluster having its own centroid. The k-means clustering method generates genetically diverse clusters based on the genetic distance between the genotypes, making it simple to identify genetically divergent genotypes.
2. material and methods 
[bookmark: _Hlk145503357]Material for the present study comprised 170 germplasm accessions of groundnut (Arachis hypogaea L.) obtained from the ICAR Directorate of Groundnut Research, Junagadh, along with three check varieties viz., KCG-6, TMV-2, and GKVK-27. Field evaluation of 170 germplasm accessions and checks was carried out in an augmented design during kharif 2022 at the Field Unit, College of Sericulture, Chintamani. Each entry was sown at a spacing of 30 cm between rows and 10 cm between plants. Observations were recorded on yield and yield-attributing traits such as days to 50% flowering, pods plant-1, pod yield plant-1 (g), and kernel yield plant-1 (g). Statistical analysis of the data was carried out according to the augmented design and an analysis of variance was performed to partition the total variation among the germplasm accessions and check entries. The adjusted trait means of each germplasm accession were then estimated (Federer, 1956). The genotypic and phenotypic coefficients of variation (Burton and Devane, 1953) and heritability in a broad sense (Hanson et al. 1956) were computed using the ‘augmented RCBD’ package in R software ver 4.3.0.  The genotypes were classified following the model-based ‘k-means’ clustering approach (Mac Queen, 1967) to unravel the organization of variability using the ‘Factoextra’ package in R software Ver 4.3.0.
3. results and discussion
3.1 ANOVA
[bookmark: _Hlk118047207]ANOVA is a diagnostic step for detecting different sources of variation relevant to the results of field experiments, such as those reported in the present study. The analysis of variance of the 170 germplasm accessions evaluated under augmented design with KCG-6, TMV-2, and GKVK-27 as checks is presented in Table 1. The mean sum of squares of 170 germplasm accessions was significant for days to 50% flowering, pod yield plant-1 (g), and kernel yield plant-1 (g), indicating the presence of variability among these germplasm accessions (Table 1). However, for the blocks, mean sum of squares was not significant for all traits. Furthermore, a significant difference was observed for the sum of squares due to checks vs. germplasm accessions in all 170 groundnut germplasm accessions for all traits. This indicated the presence of a large amount of genetic variability for the traits studied; hence, diversity analysis and selection from different clusters of experimental material can be carried out. Gopinath et al. (2008); Savitha (2012), Mallikarjun (2014) and Shilpa et al. (2023) also reported significant differences among the genotypes for yield and its attributing traits in groundnut.




Table 1: Analysis of Variance (ANOVA) for yield and yield attributing traits in   groundnut germplasm accessions

	Source of variation
	df
	Mean Sum of Squares

	
	
	DF
	PN
	PW
	KW

	Block (Ignoring accessions)
	5
	16.70**
	31.31**
	1095.36**
	431.50**

	Accessions (Eliminating Block)
	172
	5.42**
	11.76
	129.72**
	63.04**

	Accessions Adjusted Check
	2
	98.17**
	10.05
	431.27**
	181.90**

	Accessions Adjusted Test vs. Check
	170
	4.33**
	11.78
	126.18**
	61.65**

	Accessions (Ignoring Block)
	172
	5.90**
	12.44
	160.70**
	75.21**

	Block Adjusted Check
	2
	98.17*
	10.05
	431.27**
	181.90**

	Block Adjusted accessions
	169
	3.76**
	6.73
	115.23**
	44.52*

	Block Adjusted Test vs. Check
	1
	182.34**
	982.67**
	7305.24**
	5048.83**

	Block Eliminating accessions
	5
	0.23
	7.67
	29.61
	12.99

	Residuals
	10
	0.10
	5.15
	28.39
	15.51

	Standard error 

	Control accessions mean
	0.18
	1.31
	3.08
	2.27

	Two test accessions same Block
	0.45
	3.21
	7.53
	5.57

	Two test accessions different Block
	0.52
	3.71
	8.70
	6.43

	Test vs. Check
	0.39
	2.83
	6.65
	4.91

	Critical difference 

	Control accessions mean
	0.41
	2.92
	6.85
	5.07

	Two test accessions same Block
	1.00
	7.15
	16.79
	2.19

	Two test accessions different Block
	1.15
	8.26
	19.39
	14.33

	Test vs. Check
	1.93
	6.31
	14.81
	10.94

	Coefficient of Variance
	2.16
	5.43
	3.27
	3.74


**Significant at P= .01; * Significant at P= .05
DF= Days to 50 % Flowering, PN= Pods plant-1, PW= Pod yield plant-1 (g), KW=Kernel yield plant-1 (g)
3.2 Estimation of descriptive statistics and genetic variability parameters for yield and yield attributing traits
Genetic variability is a prerequisite for any plant breeding program; hence, the selection of the desired genotype depends on the amount of genetic variability available in the experimental material. Knowledge of genetic variability and heritability helps to utilize the variability in populations in breeding programs. Total variability in the study was characterized by phenotypic and genotypic variances for all traits. As each trait had different units of measurement, the degree of variability could not be compared. Hence, a standardized range was estimated, which provided information about the presence of accessions with variable trait expression. The estimate of co-efficient of variation is a measure that uses the percentage of mean to express the variance that is being used, and the results obtained are expressed as phenotypic coefficient of variability, genotypic coefficient of variability, and heritability. Thus, studying genetic variability with respect to genetic parameters, such as the genotypic coefficient of variance (GCV), phenotypic coefficient of variance (PCV) and broad-sense heritability (Hbs), will assist breeders in selecting superior genotypes. 
The descriptive statistics for yield and yield-attributing traits evaluated in the groundnut germplasm accessions are presented in (Table 2). Wide range of variation was observed for almost all the traits such as days to 50 % flowering had a mean value of 35.21 days with a range of 33 to 42 days. Yield attributing traits such as number of pods plant-1 recorded a range varying from 4.68 to 17.88 with an average of 8.51, pod yield plant-1 ranged from 9.55 to 54.23 g with a mean yield of 24.06 g whereas mean yield of kernel yield plant-1 was 13.01 g with range of 3.57 to 36.05 g. 
For all the traits studied, the magnitude of PCV was greater than that of GCV, indicating the influence of the environment on their expression. However, the difference between GCV and PCV was small for a few traits, indicating little influence of the environment on the phenotype of the traits studied. The accessions were highly variable for pod plant-1, pod yield plant-1, and kernel yield plant-1, as stipulated by estimates of PCV (>20%). Among all the traits evaluated, a wide difference between GCV and PCV was observed only for pod plant-1, which indirectly indicated a higher influence of the environment on the genes governing this character.
A narrow difference was found between genetic estimates of PCV and GCV for days to 50 % flowering (5.51 and 5.44%) indicating less influence of the environment and prevalence of additive gene action. The low PCV and GCV values for days to 50 % flowering were in accordance with those reported by Korat et al. (2009), Zaman et al. (2011), Rao et al. (2012) and Vishnuvardhan et al. (2012). High PCV and GCV for pod yield plant-1 and kernel yield plant-1 were in accordance with Venkataravana et al. (2000), Jambagi and Savithramma (2020) and Shilpa et al. (2023).
The genetic estimate of PCV was found to be higher than GCV for number of pods plant-1 (30.49 and 14.78%), pod yield plant-1(44.62 and 38.74%) and kernel yield plant-1 (51.30 and 38.74%) indicating the role of non-additive gene action and the presence of environmental effects. 
Almost all traits possessed higher broad-sense heritability (> 60%), except for pods plant-1. Heritability ranged from 23.50% for pods plant-1 to 97.34% for days to 50% flowering. The estimates of GCV and broad-sense heritability were higher for pod yield plant-1 and kernel yield plant-1 which indirectly indicate less influence of the environment on the genes governing these traits.
High heritability was recorded for pod yield plant-1 (75.37%) and kernel yield plant-1 (65.17%) which indicated the predominance of additive gene action. John et al. (2005), Zaman et al. (2011), Hiremath et al. (2011) and Yadav et al. (2014) also reported high heritability for pod yield plant-1 whereas Dandu et al. (2012) and Mahalakshmi et al. (2005) reported for kernel yield plant-1.
Table 2: Descriptive statistics and genetic variability parameters among groundnut germplasm accessions
	Sl. No.
	Traits
	Mean ± SE
	Range
	Coefficient of Variation
	 (%)

	
	
	
	Lowest
	Highest
	PCV (%)
	GCV (%)
	

	1
	Days to 50% flowering
	35.21 ± 0.15
	32.83
	41.83
	5.51
	5.44
	97.34

	2
	Pods plant-1
	8.51 ± 0.23
	4.68
	17.88
	30.49
	14.78
	23.50

	3
	Pod yield plant -1 (g)
	24.06 ± 0.76
	9.55
	54.23
	44.62
	38.74
	75.37

	4
	Kernel yield plant -1 (g)
	13.01 ± 0.48
	3.57
	36.05
	51.30
	41.41
	65.17


SE- Standard Error, PCV- Phenotypic coefficient of variation, GCV- Genotypic coefficient of variation, - Heritability (Broad sense)
3.3 Clustering of germplasm accessions using k-means clustering 
[bookmark: _Hlk151676764]Germplasm accessions were divided into 17 clusters based on non-hierarchical clustering. The non-significance of Levene's test results in the homogeneity of variances within the clusters. Of the 17 clusters, cluster XIII contained the maximum number of accessions (21), followed by cluster I (20), and cluster II had the minimum number of three germplasm accessions. The distribution of germplasm accessions in the 17 clusters is shown in Table 3 and Fig. 1. Similar results for clusters based on yield and yield-attributing traits were reported by Zaman et al. (2010)

Table 3: Distribution of germplasm accessions in seventeen clusters obtained using k-means clustering
	Clusters
	No. of germplasm accessions
	Germplasm accessions

	I
	20
	NRCG 16392, NRCG 15028, NRCG 8254, NRCG 5506, NRCG 6103, NRCG 16038, NRCG 13122, NRCG 10534, NRCG 123, NRCG 11425, NRCG 7453, NRCG 10130, NRCG 13876, NRCG 11716, NRCG 10255, NRCG 1377, NRCG 14335, NRCG 15022, NRCG 14580, NRCG 11330

	II
	3
	NRCG 10295, TMV-2, KCG-6

	III
	14
	NRCG 10305, NRCG 14101, NRCG 14153, NRCG 6266, NRCG 14092, NRCG 16263, NRCG 12718, NRCG 13849, NRCG 9531, NRCG 7660, NRCG 17025, NRCG 15035, NRCG 1177, NRCG 9235

	IV
	8
	NRCG 8360, NRCG 8549, NRCG 4434, NRCG 11162, NRCG 13856, NRCG 6977, NRCG 10313, NRCG 10585

	V
	6
	NRCG 13294, NRCG 11624, NRCG 5521, NRCG 10312, NRCG 1417, NRCG 94

	VI
	12
	NRCG 16477, NRCG 13287, NRCG 16891, NRCG 9292, NRCG 10360, NRCG 4264, NRCG 11462, NRCG 6394, NRCG 15737, NRCG 15058, NRCG 14730, NRCG 16726

	VII
	11
	NRCG 3198, NRCG 6284, NRCG 208, NRCG 11227, NRCG 9247, NRCG 15046, NRCG 10652, NRCG 10661, NRCG 6270, NRCG 8251, NRCG 15049

	VIII
	8
	NRCG 12559, NRCG 15466, NRCG 12541, NRCG 15754, NRCG 13431, NRCG 10660, NRCG 11515, NRCG 13292

	Ⅸ
	10
	NRCG 13947, NRCG 16588, NRCG 10844, NRCG 14721, NRCG 11559, NRCG 11142, NRCG 13857, NRCG 14010, NRCG 13914, NRCG 117

	Ⅹ
	16
	NRCG 11516, NRCG 12812, NRCG 16955, NRCG 13269, NRCG 16462, NRCG 10498, NRCG 16902, NRCG 15028, NRCG 9301, NRCG 11174, NRCG 10626, NRCG 11187, NRCG 14680, NRCG 14901, NRCG 13298, NRCG 12772

	Ⅺ
	10
	NRCG 14100, NRCG 11178, NRCG 17079, NRCG 2460, NRCG 2458, NRCG 15091, NRCG 9179, NRCG 16593, NRCG 11346, NRCG 2445

	Ⅻ
	9
	NRCG 1334, NRCG 16861, NRCG 10668, NRCG 11254, NRCG 12233, NRCG 1610, NRCG 15762, NRCG 14351, NRCG 12964

	ⅩⅢ
	21
	NRCG 2380, NRCG 12209, NRCG 10407, NRCG 11427, NRCG 8249, NRCG 16189, NRCG 16866, NRCG 3885, NRCG 11586, NRCG 10307, NRCG 17077, NRCG 11173, NRCG 15811, NRCG 11175, NRCG 14528, NRCG 10476, NRCG 3533, NRCG 16956, NRCG 16746, NRCG 11548, NRCG 14722

	ⅩⅣ
	6
	NRCG 10314, NRCG 14106, NRCG 9427, NRCG 4468, NRCG 10382, GKVK-27

	ⅩⅤ
	4
	NRCG 2, NRCG 14741, NRCG 11115, NRCG 10477

	ⅩⅥ
	6
	NRCG 2437, NRCG 11460, NRCG 14091, NRCG 14001, NRCG 12539, NRCG 2423

	ⅩVII
	9
	NRCG 70671, NRCG 10226, NRCG 13859, NRCG 12518, NRCG 15088, NRCG 12593, NRCG 11551, NRCG 12770, NRCG 12660












Fig.  1: k-means clustering of groundnut germplasm accessions based on yield and yield attributing traits
[image: ]
[bookmark: _Hlk151676809]To investigate the significant differences between the clusters, one-way analysis of variance was performed, as shown in Table 4. The mean sum of squares between clusters was highly significant, indicating that germplasm accessions performed differently in the clusters that were formed. 
Table 4: Analysis of variance for yield and yield attributing traits between the clusters
	Sl. No.
	Source of variation
	Days to 50 % Flowering
	Pods plant-1
	Pod yield plant-1
	Kernel yield plant-1

	1
	Between clusters
	30.83***
	87.54 ***
	878.14***
	373.25***

	2
	Within clusters
	1.37
	1.42
	20.82
	6.38



The cluster means and variances provide valuable insights into the genetic diversity and grouping pattern of genotypes identified through k-means clustering. The estimated means of the 17 clusters and a comparison of the means for yield and yield attributing traits are presented in Fig. 2. Cluster means represent the average performance of germplasm accessions within each cluster and help in identifying groups with desirable combinations of traits. Comparison of these means highlights the traits contributing most to cluster differentiation, while significant differences among cluster means confirm that the germplasm accessions are effectively partitioned into distinct and meaningful groups. Cluster variances indicate the degree of homogeneity within each cluster, where low variance suggests close genetic similarity among accessions, and high variance reflects greater variability. The estimates of variances for yield and yield attributing traits of groundnut germplasm accessions are depicted in Fig. 3.
The variance for days to 50% flowering varied among clusters, with higher variability observed in clusters C17, C12, and C16, while clusters C4, C10, and C2 were more uniform. The F-statistic (1.55) with a probability of 0.09 indicated that the differences among cluster means were not statistically significant, suggesting that days to 50% flowering contributed only marginally to the overall cluster differentiation. Together, the cluster means and variances aid in understanding the diversity structure, validating the clustering pattern, and selecting superior or genetically diverse clusters for use in breeding programs and hybridization strategies. The maximum inter-cluster distance was observed between clusters II and XV (8.11), followed by clusters II and XI, indicating that the germplasm accessions between these clusters were highly divergent. The minimum inter-cluster distance was observed between clusters I and X (2.14), and the germplasm accessions within them were related to each other. High yielding accessions such as NRCG 9427, NRCG 14106 and NRCG 10382 identified in clusters XIV. Furthermore, germplasm accessions in clusters IX, II, and V also had high yields, whereas germplasm accessions in cluster XI had low yields. Hence, the germplasm accessions within cluster XIV, cluster IX, cluster II, and cluster V can be used as parents in the hybridization programme to improve yield parameters.







Fig.  2: Box whisker plots depicting estimates of yield and yield attributing traits of groundnut germplasm accessions
[image: ] [image: ]
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Fig.  3: Bar graphs depicting estimates of variances for yield and yield attributing traits of groundnut germplasm accessions 
[image: ]        [image: ]
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4. CONCLUSION
The evaluation of 170 groundnut germplasm accessions revealed substantial genetic variability for yield and its attributing traits. High PCV, GCV, and heritability estimates for pod yield plant⁻¹ and kernel yield plant⁻¹ indicate that these traits are largely governed by additive gene action and can be effectively improved through selection. k-means clustering demonstrated considerable genetic diversity among the accessions, with 17 distinct clusters formed. High-yielding accessions such as NRCG 9427, NRCG 14106 and NRCG 10382 identified in clusters XIV are particularly promising as potential parents in breeding programmes aimed at yield enhancement. Overall, the study provides valuable insights for future groundnut improvement and the strategic utilization of diverse germplasm in hybridization and selection programmes.
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