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Abstract 

Genetic divergence was studied among eighteen germplasm lines Soybean (Glycine max) by using Mahalanobis D2 analysis. 

Analysis of variances for dispersion showed significant differences among the genotypes and these genotypes were grouped 

into four clusters. The cluster I consisted of ten genotypes, cluster II has four genotyps, cluster III having three genotypes 

whereas cluster I has single genotype. Highest inter cluster distance observed among all clusters, while cluster III shown 

maximum intra cluster distance. Characters days to 50 % flowering (24.68 %) contributed maximum towards genetic 

divergence followed by number of pods per plant (21.84 %), plant height (g) (17.74 %), number of primary branches (15.68 

%), number of seeds per pod (5.84 %) and 100 seed weight (5.79 %). All four clusters shown high cluster means for yield and 

yield components, therefore genotypes viz. JS-2098, MAUS-162, JS 95-60, MAUS-612, AKH081, SL-525 and JS- 20-29 of 

these diverse clusters may be used for further breeding programs. 
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Introduction 

Soybean (Glycine max L. Merrill) is an economically 

important oil-yielding crop, which is frequently referred to 

as the ‘Golden Bean, ‘and stands among the most 

nutritionally beneficial leguminous crops grown universally 

(Mishra et al., 2020) [9]. It is a critical component of the 

global food, feed and industrial sectors owing to its amusing 

seed composition, encompassing around 40% high-quality 

protein and 20% oil (Mishra., 2021a; Sharma et al., 2021). 

Beyond its macronutrient significance, it is also an excellent 

source of bioactive compounds, for instance, isoflavones, 

essential amino acids, and vitamins, which enhance its value 

in functional foods and nutraceutical applications (Mishra et 

al., 2021b and Mishra et al., 2024). The crop is broadly 

adapted to an array of agroclimatic zones and plays a crucial 

role in sustainable agriculture through its symbiotic nitrogen 

fixation with rhizobium spp., thereby enhancing soil fertility 

and reducing reliance on synthetic nitrogen fertilisers 

(Upadhyay et al., 2020a; Nakei et al., 2022; Hu et al., 2023) 
[2, 6, 26].  
In India, it is generally grown in the kharif season, 
particularly in central and western states, including 
Maharashtra, Madhya Pradesh, and Rajasthan (Mishra et al., 
2022). Maharashtra is the second-largest producer of 
soybeans in India. The crop subsidizes meaningfully to 
income generation, cropping system diversification, and 
livelihood security for millions of smallholder farmers 
(Mishra et al., 2021c; Sharma et al., 2023; Mishra et al., 
2024) [10, 11, 12, 13, 14, 15, 23] Despite significant improvements in 
breeding and agricultural methods, achieving consistently 
high soybean yields remains challenging due to the 
polygenic nature of yield and its sensitivity to 
environmental conditions. (Mishra et al., 2021; Vogel et al., 
2021; Mishra et al., 2024; Vargas-Almendra et al., 2024) [10, 

11, 12, 13, 14, 15, 27, 28]. Soybean yield is a multifaceted trait 
influenced by various interacting elements and the 
interactions between genotype and environment, which 
makes it less effective to select directly for yield, especially 
in the earlier generations (Mishra et al., 2021; Tripathi et 

al., 2022) [10, 11, 12, 13, 14, 15, 25]. Therefore, it is crucial to 
understand the extent of genetic diversity and the 
relationships among traits that contribute to yield to develop 
effective breeding strategies. (Saroj et al., 2021) [21].  
Genetic enhancement is heavily dependent on the presence 
of significant genetic diversity and the success of selection 
processes. Characteristics that display a strong heritable 
nature combined with a significant genetic gain are usually 
governed by additive gene action, making them excellent 
candidates for direct selection. Moreover, correlation and 
path coefficient analyses are essential methods for 
pinpointing traits that have meaningful direct and indirect 
impacts on yield, which facilitates the creation of efficient 
selection indices (Khan & Dar, 2010; Mefsin et al., 2018; 
Shrivastav et al., 2023; Yadav et al., 2023; Jain et al., 2024) 
[3, 5, 8, 24, 29]. In light of these circumstances, the present study 
was conducted to evaluate genetic diversity, heritability, and 
genetic progress for important agronomic characteristics, as 
well as to examine the relationships between yield and its 
component traits in a varied collection of soybean 
genotypes. The main goal is to identify promising traits and 
genotypes that can be effectively utilized in breeding 
programs focused on improving productivity, stability, and 
adaptability in fluctuating agro-ecological conditions. 

 
Materials and Methods 

Eighteen genotypes of Soybean (Glycine max) were 
collected from various agricultural Research Institutes and 
grown in randomized block design with three replication 
and spacing of 30 x 10 cm at Research field in kharif 2024. 
Data were collected from five randomly chosen plants of 
each genotype for eight quantitative traits, including days to 
50 percent flowering, plant height (cm), number of pods per 
plant, number of branches per plant, number of seeds per 
pod, 100 seed weight, and yield per plant. Genetic 
divergence was assessed using the Mahalanobis D2 statistics 
method (1936) [7], and the genotypes were classified into 
clusters based on the Tocher’s method outlined by Rao 
(1952) [20]. 
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Results and Discussion 

Analysis of variances exhibited significant differences 

among the eighteen genotypes for all studied characters. 

According to Wilk’s criteria aggregate effects of all the 

traits tested. It showed significant differences among the 

genotypes. Twenty genotypes were grouped into four 

clusters (Table 1), 10 genotypes were grouped in to cluster 

I, 4 genotypes were grouped in cluster II, 3 genotypes were 

grouped in cluster III and cluster IV was solitary cluster 

with single genotype. Raina & Khan (2023) [18] and Xu et al. 

(2024) also reported similar type of distribution of 

genotypes. Distribution of the genotypes into different 

clusters was based on D2 values, which ranged from 9.25 to 

21.05 (Table 2). Highest inter cluster distance between 

cluster III and IV was 21.05. Highest intra cluster distance 

was shown by cluster III (10.40), followed by cluster II 

(10.12), followed by cluster I (9.25), while rest of the cluster 

having zero intra cluster distance. Genotypes for the 

hybridization should be selected from the more distant 

clusters as chances are more to obtain heterotic 

combinations. Cluster means indicates the variation for the 

quantitative traits among the cluster (Table 3).  

All four clusters shown considerable cluster means for 

considering major yield contributing characters along with 

earliness to flowering and maturity, genotypes from these 

diverse clusters should be used for further hybridization and 

isolating transgressive segregants in later generations. The 

analysis of contribution of the characters for genetic 

diversity (Table 3) reveled that characters Days to 50% 

flowering (24.68 %) contributed maximum towards genetic 

divergence followed by number of pods per plant (21.84 %), 

plant height (g) (17.74 %), number of primary branches 

(15.68 %), number of seeds per pod (5.84 %) and 100 seed 

weight (5.79 %). Kanavi et al., 2019 [4]; Sharma & Lal, 

2020; proposed that traits contributing maximum towards 

the D2 values need to be given more emphasis for deciding 

the clusters to be taken for further selection and choice of 

parents for hybridization. Zafar et al., 2023 [30]; Patil et al., 

2024 [17] observed similar level of contribution phenotypic 

yield and yield contributing traits. On the basis of inter 

cluster distance, clusters I, II, III and IV were identified as 

divergent clusters, and genotypes viz. JS-2098, MAUS-162, 

JS 95-60, MAUS-612, AKH081, SL-525 and JS- 20-29 

should be used for further improvement in yield targeted 

traits with creation of wider variability. 

 
Table 1: Grouping of Eighteen genotypes into different clusters 

 

Cluster Number of Genotypes Genotypes 

I 10 
JS-2098, DSB-23, Pusa-12, Raj Soya-24, MAUS-162, SL-688, RKS-18, TAMS-38, PS-

1347, JS 95-60, DSb-1 

II 4 MAUS-612, SL-958, SL-525, 

III 3 DS-9712, NRC-86, KDS-344 

IV 1 JS- 20-29 

 
Table 2: Average intra (diagonal) and inter cluster distance (D2) in Soybean 

 

Cluster I II III IV 

I 9.25 14.20 16.04 11.34 

II  10.12 17.12 14.33 

III   10.40 21.05 

IV    00.00 

 
Table 3: Cluster means and per cent contribution of different characters 

 

Cluster 
Days to 50% 

flowering 

Plant height 

(cm) 

Numbers of primary 

branches per plant 

Numbers of pods 

per plant 

Numbers of seeds 

per pod 

100-seed 

weight (g) 

Yield per 

plant (g) 

I 42.20 48.5 8.09 22.04 2.80 10.03 15.12 

II 41.08 40.02 7.50 23.01 3.00 10.60 13.12 

III 45.00 46.12 8.01 21.01 3.10 10.50 14.23 

IV 42.06 42.00 9.13 25.10 2.90 10.30 16.01 

Contribution of 

individual characters 

towards total genetic 

divergence (%) 

24.68 17.74 15.68 21.84 5.84 5.79 8.42 
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