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Abstract
Genetic diversity is essential for any crop improvement program because it aids in the development of superior recombinants. A large number of recombinant inbred lines (RILs) were developed from a cross between MTU 7029 and Nilachal. Out of those large numbers of RILs, 87 were selected to record the agronomic parameters. All the characters showed high significant variation among the RILs. Data of nine quantitative characters were used for D2 statistics to see the genetic diversity of the RILs with long sterile lemma. Genotypes were classified into 13 clusters. Cluster 4 accommodated highest number of genotypes (23) followed by cluster 1 (17 genotypes), cluster 2 (15 genotypes) and cluster 3 (14 genotypes). The cluster with the maximum intra-cluster distance was in cluster 9 (841.90) followed by cluster 1 (668.82), cluster 2 (654.19), cluster 6 (646.08), cluster 4 (571.57), cluster 3 (497.21), cluster 8 (414.22), cluster 5 (380.01), and cluster 7 (205.18). The maximum inter-cluster distance was observed between cluster 10 and 11 followed by cluster 9 and 11, cluster 8 and 10, cluster 8 and 9 and cluster 11 and 13. Cluster 4 had comparatively high values for most of the characters and it had maximum value for grain yield (Table 3). Thus, the genotypes accommodated in this cluster seem to be promising for many characters. Maximum contribution towards the divergence was reported for number of filled grains per panicle (79.18%) followed by plot yield (11.63%), length of sterile lemma (4.31%) and number of panicles per hill (2.06%). This novel finding of this study may be used for selection of genotypes for hybridization program for rice improvement.
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1. Introduction
The most consumed crop in the world is rice. This crop provides direct food for more people than any other. India's rice production in the 2025-26 crop marketing season is estimated to touch an all-time high of 152 million tonnes (The Economics Times, dated 12th December, 2025). Rice breeders can exploit rice accessions as a source of valuable genes for rice development initiatives (Rashmi et al., 2017). Genetic diversity is essential for any crop improvement program because it aids in the development of superior recombinants (Manonmani and Fazulullah Khan, 2003), the selection of parents with greater variability for different characters, and, ultimately, the rational use of genetic resources (Nayak et al., 2004). The presence of genotype diversity is crucial to the success of any plant breeding program (Allard, 1960). This aids in the selection of parents for hybridization in programs that increase yield. Therefore, estimating genetic diversity for yields and its components among genotypes is crucial for designing future breeding program. D2 statistics have been shown to be an effective method for evaluating genetic variance (Mahalanobis, 1936). It makes it possible to distinguish between several cultivars based on the variety found in the genotypes being studied. Using Mahalanobis D2 statistics and other clustering techniques based on yield and its component characteristics, the current study attempted to evaluate genetic divergence and determine the relative contributions of several components to overall divergence (Rao, 1952).
2. Material and Methods
The genotypes used were 87 Recombinant Inbred Linesobtained from a cross between Swarna and Nilachal during 2012 and these RILs were in their F10 (Kharif 2022) and F11(Kharif 2023) generation and along with their parents and a control were MTU 1121 used during study. Swarna (MTU 7029) is well adopted and it is a mega-variety in India. Its yield potentiality is 5.5-6.0 t/ha with high head rice recovery. Nilachal is traditional variety having high yield potential and resistant to common pest and diseases. Unique characteristics of this cultivar is that the leaf bled, leaf sheath and stem are dark purple coloured. Crosses between parents with high genetic divergence are often the most effective for genetic improvement (Arunachalam, 1981). All the genotypes used were evaluated in two replicated trials adopting statistical design RBD during the Kharif season of the following two consecutive Kharif seasons (2022 and 2023) in the University Research Farm, Uttar Banga Krishi Viswavidyalaya, Pundibari, West Bengal with an elevation of 43 meters above mean sea level. The seedlings were transplanted in the main field at a rate of one seedling each hill, with 20 cm between plants and 25 cm between rows with each plot having an area of 4 m2 with two replications. Need-based plant protection strategies and suggested agronomic techniques were implemented (Roy, 2023). Observations were recorded on nine quantitative characters, viz., days to 50% flowering, plant height (cm), number of panicles per hill, panicle length (cm), number of filled grains per panicle, length of sterile lemma (mm), breadth of sterile lemma (mm), test weight (g) and plot yield (kg). Randomly five plants were selected from each genotype and from each replication to record the data. However, the data were recorded from whole plot for days to 50% flowering and plot yield. The statistical analysis showed significant variations among the genotypes. Therefore, Analysis of genetic diversity was measured following Mahalanobis's (1936) D2 statistics using Tocher’s method with the help of Agri analyse online tool (Popat et al., 2024). For every pair of genotypes in every feasible combination, the genetic distance was calculated.
3. Results and Discussion
To unfasten the genetic divergence and to identify the character contributing towards the genetic divergence, a study was undertaken in 87 recombinant inbred lines, their parents- Swarna and Nilachal and one yield check- MTU 1121 in Terai Zone of northern part of West Bengal.
3.1 Cluster Pattern
Based on the relative magnitude values, 90 genotypes were grouped into thirteen clusters (Table 1). There was a considerable degree of variation, as demonstrated by the grouping pattern constellation. Cluster 4 accommodated the maximum number of inbred lines (23) followed by Cluster 1 with 17 inbred lines, cluster 2 with 15 inbred lines, cluster 3 with 14 inbred lines, cluster 5 with six inbred lines and cluster 6 with five and. Clusters 7, 8 and 9 accommodated two inbred lines each. Whereas, clusters 10, 11, 12 and 13 had one inbred line each. Distribution of recombinant inbred lines in different clusters indicating high degree of heterogeneity of those genotypes. This result corroborated the findings of Manasa et al. (2023). In this part of study, emphasis was given on the effect on long sterile lemma. However, another eight quantitative characters were considered in addition to the long sterile lemma, which influenced the clustering of the inbred lines into different clusters. There was no particular structured clustering in relation to the length of sterile lemma. The RILs with similar length of sterile lemma were distributed along different clusters thereby making the clusters diverse in nature (Table 1).
	The inbred lines were developed and evaluated in the same geographical and climatic condition. Still, they were grouped under different clusters and the number of inbred lines housed in different clusters varied. It has been reported by the earlier rice researchers that the geographical factor is not the only factor causing genetic diversity (Bansal et al., 1999; Roy et al., 2002; Roy, 2013; Bhadra and Roy, 2014; Negi et al., 2024; Ali et al., 2026; Fayaz et al., 2026). Sinha et al. (1991) has reported that geographical diversity might not always be useful index in assessing geographical diversity in rice.
Table 1. Distribution of genotypes in different clusters [values in parenthesis are the length of sterile lemma (lemma side, in cm)]
	Cluster No.
	No. of Genotypes
	Name of Genotypes

	1
	17
	N-1-2 (9.79), N-14-2 (4.60), N-17-5-1S (3.15), N-19-2S (8.48), N-20-1 (10.62), N-20-2 (10.51), N-20-4 (9.40), N-21-1-3S (2.33), N-25-1 (2.63), N-25-1-1S (9.67), N-26-3-2S (12.82), N-28-2 (10.22), N-29-1-1S (10.98), N-29-6-1S (6.75), N-31-1 (2.56), N-9-1-1S (8.41), N-9-3 (7.50)

	2
	15
	N-1-7 (8.90), N-10-1 (10.28), N-18-2 (8.28), N-18-2-1S (10.54), N-22-1 (10.51), N-23-1 (2.47), N-23-1S (4.62), N-25-4 (2.92), N-26-1 (8.57), N-29-1 (2.65), N-29-3-1S (2.55), N-29-5 (10.58), N-29-6-2S (2.39), N-29-6-3S (2.46), N-8-3 (2.13)

	3
	14
	N-1-9 (9.85), N-17-6-1S (2.39), N-2-3 (7.63), N-20-5 (10.52), N-21-1 (9.17), N-21-1-1S (10.52), N-22-2-2S (2.53), N-22-3-1S (4.58), N-24-1 (8.41), N-29-5-1S (2.42), N-30-2-1S (8.36), N-31-1-1S (2.31), N-35-2 (9.91), N-7-1 (7.09)

	4
	23
	N-1-1 (9.53), N-10-1-1S (3.40), N-12-1 (2.55), N-15-2-1S (8.88), N-17-4 (9.47), N-17-6 (10.49), N-18-1-1S (2.34), N-20-3 (8.97), N-20-3-1S (2.43), N-22-3-2S (4.58), N-24-2 (2.39), N-26-1-1S (6.75), N-27-2 (6.84), N-28-1 (8.40), N-28-2S (2.54), N-29-1-2S (10.98), N-30-1-1S (2.85), N-30-2 (2.35), N-32-2-1S (4.13), N-5-2 (2.47), N-9-1-2S (8.70), N-9-3-1S (8.17), Nilachal (2.54)

	5
	6
	MTU 1121 (2.36), N-1-3 (2.69), N-22-2 (2.43), N-23-2-2S (2.16), N-30-1 (10.37), Swarna (2.50)

	6
	5
	N-12-1-1S (8.49), N-21-1-2S (4.36), N-23-2 (2.61), N-29-4-1S (2.40), N-8-2 (2.50)

	7
	2
	N-1-6 (2.27), N-16-1(10.42)

	8
	2
	N-1-4-1S (8.41), N-13-3-1S (8.48)

	9
	2
	N-23-2-1S (2.36), N-29-4-2S (10.32)

	10
	1
	N-29-2 (11.19)

	11
	1
	N-24-2-1S (2.27)

	12
	1
	N-25-3 (7.49)

	13
	1
	N-25-5 (2.23)



3.2 Intra and Inter Cluster Distance
In order to determine the D2 value, the average cluster distance (intra and inter) was calculated for each cluster and each pair of clusters in every probable combination. The intra and inter cluster distance was presented in Table 2 and Fig. 1. The findings showed that the cluster with the maximum intra-cluster distance was in cluster 9 (841.90) which contains two RILs followed by cluster 1 (668.82), cluster 2 (654.19), cluster 6 (646.08), cluster 4 (571.57), cluster 3 (497.21), cluster 8 (414.22), cluster 5 (380.01), and cluster 7 (205.18).While the minimum intra cluster distance was recorded for cluster 10, 11, 12 and 13 showing mono-genotypic nature. Low values for intra-cluster distance indicated limited genetic diversity among the genotypes represented in those clustersand they were closely connected to one another. A higher intra-cluster distance indicated that there were more genetic variations among the genotypes assigned to those respective clusters. Higher degree of divergence among the genotypes within a cluster would produce more segregating breeding materials and selection within such cluster might be executed based on maximum mean value for the desirable characters.
The highest inter-cluster distance was observed between cluster 10 and 11(42352.09) followed by cluster 9 and11(41137.13), cluster 8 and 10 (40337.30), cluster 8 and 9 (38770.46), cluster 11 and 13 (36826.41), cluster 8 and 13 (33929.950, cluster 4 and 10 (25684.10), cluster 5 and 11 (25448.48), cluster 4 and 9 (24403.83), cluster 5 and 8 (23588.87), cluster 4 and 13 (20872.49), cluster 7 and 10 (20632.14), cluster 7 and 11 (19418.35), cluster 10 and 12 (19348.99), cluster 6 and 11 (19127.26). Minimum inter-cluster value was observed between cluster 7 and 13 (205.18) followed by cluster 9 and 10 (862.64), cluster 8 and 11 (880.29), cluster 4 and 7 (1011.09), cluster 1 and 7 (1078.7), cluster 1 and 12 (1096.72), cluster 9 and 13 (1117.25), cluster 7 and 8 (1237.48), cluster 4 and 8 (1271.76). High inter-cluster distance between two clusters indicates a wider genetic diversity among genotypes. Therefore, hybridization between the genotypes of the clusters having high values for inter-cluster distance would result in a high heterotic combination. Highly divergent genotypes deem to produce wide variability in the segregating generations that may help in further selection for genetic improvement. In a hybridization program, genotypes are chosen as parents based on the inter-cluster distance (Singh and Narayanan, 2000). Hybridization between genetically divergent parents togenerate high heterotic segregants reported by earlier rice researchers (Sharma et al., 1997; Bhadra and Roy, 2014; Soundharya et al., 2020; Royet al., 2022; Satheeshkumaret al., 2026).

Table 2. Intra and Inter cluster distances among different clusters.
	Clusters
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	13
	11858.34
	6926.56
	6360.61
	20872.49
	2998.19
	3402.91
	16705.59
	33929.95
	1117.25
	2259.52
	36826.41
	14351.48
	0.00

	12
	1096.72
	2218.49
	4468.14
	1271.76
	8923.71
	4974.81
	1237.48
	4440.30
	17978.34
	19348.99
	6154.76
	0.00
	 

	11
	7711.38
	13033.92
	16028.93
	2929.92
	25448.48
	19127.26
	4542.62
	880.29
	41137.13
	42352.09
	0.00
	 
	 

	10
	15208.11
	10025.56
	6927.01
	25684.10
	2704.21
	5765.51
	20632.14
	40337.30
	862.64
	0.00
	 
	 
	 

	9
	14259.83
	8978.28
	6879.73
	24403.83
	2826.52
	4888.43
	19418.35
	38770.46
	841.90
	 
	 
	 
	 

	8
	6817.06
	11335.01
	14916.98
	2237.94
	23588.87
	17556.98
	4469.62
	414.22
	 
	 
	 
	 
	 

	7
	1078.70
	3015.45
	4554.84
	1011.09
	9815.62
	5864.34
	205.18
	 
	 
	 
	 
	 
	 

	6
	3361.53
	1409.21
	1393.16
	8594.44
	1658.88
	646.08
	 
	 
	 
	 
	 
	 
	 

	5
	6084.29
	3173.39
	1549.46
	12904.30
	380.01
	 
	 
	 
	 
	 
	 
	 
	 

	4
	2015.59
	4575.41
	6817.87
	571.57
	 
	 
	 
	 
	 
	 
	 
	 
	 

	3
	2413.74
	1304.80
	497.21
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2
	1365.66
	654.19
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	668.82
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Fig. 1. Cluster diagram with edge weights.


3.3 Cluster Mean
The mean values of nine characters for thirteen clusters have been presented in Table 3. Cluster meanis another metric for evaluating the superiority of clusters, which may be taken into account while improving different features through hybridization programs. Cluster means exhibited considerable differences among the cluster within a particular trait. This finding is in agreement with the findings of Negi et al., (2024). Days to 50% flowering had the maximum value for cluster 8 (150.00), while the minimum value was observed for cluster 6 (129.20). The values for the cluster mean of plant height ranged from 204.65 (cluster 7) to 129.88 (cluster 3). Number of panicles per hill exhibited its highest value in cluster 4 (23.80) and the lowest value was observed in cluster 11 (12.27). For panicle length, the maximum value was observed for cluster 10 (28.33), while the minimum value was observed for cluster 8 (23.39). The values for the trait number of filled grains per panicle, ranged from 240.48 (cluster 10) to 41.75 (cluster 1). The length of sterile lemma exhibited its highest value in cluster 12 (11.31) and lowest value was observed in cluster 13 (2.22). Breadth of sterile lemma, the maximum value was observed for cluster 12 (1.17) and the minimum value was observed for cluster 13 (0.82). Test weight ranged from 30.18 (cluster 4) to 20.30 (cluster 13). The plot yield exhibited its highest value in cluster 4 (4.08) and its lowest value was observed in cluster 12 (0.48).
	Cluster 4 had comparatively high values for most of the characters and it had maximum value for grain yield (Table 3). Thus, the genotypes accommodated in this cluster seem to be promising for many characters. Our finding corroborated with the findings ofAmudha and Ariharasutharsan (2021), Sheebaet al. (2023), Negi et al. (2024). The cluster 1 exhibited maximum vales for panicle length, length and breadth of sterile lemma. It also had minimum values for days to 50% flowering. However, it had least value for grain yield. The genotypes with high cluster mean in any cluster for particular character may be directly utilized for adoption or used in hybridization program to improve that particular character (Bhadra and Roy, 2014; Satheeshkumar et al., 2026).

Table 3. Mean values of nine quantitative characters in 13 clusters of 90 rice genotypes.
	 Cluster
	 Days to 50% flowering
	Plant height (cm)
	No. of panicles /hill 
	Panicle length (cm)
	No. of filled grains/panicle
	Sterile lemma (cm)
	Test
Weight (g)
	Plot
Yield (kg)

	
	
	
	
	
	
	Length
	Breadth 
	
	

	Cluster 1
	129.50
	184.95
	12.50
	26.83
	41.75
	10.32
	1.12
	20.93
	0.68

	Cluster 2
	130.97
	154.67
	14.56
	25.09
	149.66
	3.97
	0.91
	23.85
	1.36

	Cluster 3
	132.89
	129.88
	13.66
	25.68
	158.29
	8.22
	1.07
	24.84
	2.90

	Cluster 4
	142.50
	158.20
	23.80
	25.80
	236.75
	9.85
	1.08
	30.18
	4.08

	Cluster 5
	129.91
	158.04
	14.14
	25.17
	124.39
	6.71
	1.00
	24.80
	1.34

	Cluster 6
	129.20
	158.62
	13.40
	23.64
	87.42
	5.34
	0.92
	24.09
	0.80

	Cluster 7
	130.00
	204.65
	19.10
	26.24
	232.80
	2.57
	0.83
	25.65
	1.20

	Cluster 8
	150.00
	189.70
	15.50
	23.39
	109.95
	2.39
	0.97
	24.45
	0.67

	Cluster 9
	132.25
	134.83
	13.89
	26.45
	189.96
	5.77
	0.83
	26.01
	3.43

	Cluster 10
	134.25
	135.65
	12.75
	28.33
	240.48
	6.58
	1.02
	26.71
	2.47

	Cluster 11
	135.60
	179.48
	12.27
	25.44
	178.40
	6.84
	0.89
	24.24
	1.48

	Cluster 12
	130.25
	130.00
	13.68
	23.96
	107.30
	11.31
	1.17
	28.44
	0.48

	Cluster 13
	138.00
	181.25
	13.75
	25.37
	44.58
	2.22
	0.82
	20.30
	0.55




3.4 Percent Contribution of Each Character
Percent contribution of nine characters for genetic divergence is being presented in Table 4. The contribution of a character to genetic divergence is the primary determinant of parent selection and choice (Babu et al., 2003). Maximum contribution towards the divergence was reported for number of filled grains per panicle (79.18%) followed by plot yield (11.63%), length of sterile lemma (4.31%) and number of panicles per hill (2.06%). Our result is in agreement with the findings of Devi et al. (2015); Rachappanavar (2017); Negi et al. (2024). Remaining characters had contribution less than 1%, they were panicle length (0.97%), days to 50% flowering (0.85%) and breadth of sterile lemma (0.39%), plant height (0.35%) and test weight (0.26%).
The character having high contribution towards the total genetic divergence may be used in selecting genetically diverse parents, particularly to exploit maximum heterosis or to execute efficient selection in highly segregating populations (Bhadra and Roy, 2014; Negi et al., 2024).

Table 4. Contribution of each character towards genetic divergence.
	Sl. No.
	Characters
	Contribution (%)

	1
	Number of filled grains per panicle
	79.18

	2
	Plot yield 
	11.63

	3
	Length of sterile lemma
	4.31

	4
	Number of panicles per hill
	2.06

	5
	Panicle length
	0.97

	6
	Days to 50 % flowering
	0.85

	7
	Breadth of sterile lemma
	0.39

	8
	Plant height
	0.35

	9
	Test weight
	0.26



4. CONCLUSION
From the current study, it can be inferred that there was no particular structured for clustering pattern in relation to the morphology of sterile lemma. Sterile lemma showed relatively low contribution towards genetic divergence. RILs from cluster 1 and 12 respectively used for breeding programs to conserve this trait as there are no DUS guidelines to differentiate varieties based on the length of sterile lemma and act as a medium to differentiate between varieties. RILs from cluster 4 can be used in hybridization programme for yield and yield attributing characters as the mean values for traits like plot yield, number of panicles per hill, number of filled grains per panicle and test weight are superior when compared to other clusters.
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