Unravelling Genetic Divergence and Trait Dynamics in Rice (Oryza Sativa L.) Genotypes Through Multivariate Analysis
ABSTRACT
Rice is a vital staple crop, especially in Asia and India, but its sustainable production is threatened by population growth, limited resources, and climate change. Genetic diversity and divergence analysis are essential in rice breeding, as they enable the development of high-yielding, stress-tolerant varieties through effective parent selection and advanced statistical methods. This study aimed to evaluate genetic diversity among 29 rice genotypes using Mahalanobis D² statistics. The experiment was conducted during the kharif 2022 season at RARS, Warangal, following a randomized block design with three replications. Significant differences among genotypes were observed for all studied traits, indicating substantial variability. Based on D² analysis, the genotypes were classified into six distinct clusters, with cluster I containing the highest number of entries, followed by clusters VI and IV. The greatest intra-cluster divergence was found in cluster III, whereas the maximum inter-cluster distance occurred between clusters II and IV, suggesting the potential of these genotypes for hybridization to obtain superior recombinants. Clusters II, V, and VI exhibited higher mean values for several important traits. Principal component analysis revealed that the first three components accounted for 90.39% of total variability, with plant height, days to 50% flowering, and 1000-grain weight contributing most to divergence. These findings conclude that the presence of significant genetic diversity among the studied genotypes provides ample scope for selection and hybridization in rice improvement programs. Crosses between genotypes belonging to highly divergent clusters, particularly clusters II and IV, are recommended to exploit heterosis and obtain superior recombinants. Furthermore, traits such as plant height, days to 50% flowering, and 1000-grain weight should be prioritized during selection to enhance yield potential and adaptability.
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1.INTRODUCTION
Rice (Oryza sativa L.) is a primary staple crop that sustains more than half of the global population and plays a crucial role in ensuring food security, particularly across Asian countries. In India, rice cultivation holds a central position in agriculture, significantly contributing to food production and rural income. However, challenges such as population growth, diminishing natural resources, and climate variability pose serious threats to sustainable rice production (FAO, 2023; IRRI, 2023).
Genetic diversity forms the foundation of crop improvement programs, as it provides the variability necessary for effective selection and hybridization. A broader genetic base facilitates the development of high-yielding, stress-tolerant, and adaptable varieties. Several studies have demonstrated considerable variability among rice genotypes, emphasizing the scope for improvement through breeding strategies (Singh et al., 2024; Tiwari et al., 2022). Additionally, the utilization of diverse germplasm, including traditional landraces and wild relatives, has proven beneficial in enhancing genetic potential and stress resilience (Zhu et al., 2024; Abdullah et al., 2025).
Assessment of genetic divergence is essential for identifying suitable parental combinations in breeding programs. Crossing genetically diverse parents increases the likelihood of obtaining heterotic hybrids and superior segregants. Multivariate techniques such as Mahalanobis D² statistics and principal component analysis (PCA) are widely used to quantify genetic variability and classify genotypes based on multiple traits (Sarma et al., 2021). These approaches help in understanding trait contributions and overall diversity patterns.
[bookmark: _GoBack]The development of improved rice varieties largely depends on the extent of variability present in the breeding population (Mahalaxmi et al., 2025). Evaluating genetic divergence for yield-related traits aids in selecting elite parental lines for hybridization, thereby enhancing breeding efficiency (Talekar et al., 2022). Although molecular tools such as GWAS and marker-assisted selection have advanced diversity studies (Rezk et al., 2024), phenotypic evaluation combined with statistical analysis remains a practical and cost-effective method. Divergence analysis plays a crucial role in the effective selection of genetically dissimilar parental lines for hybridisation, with the aim of maximising heterosis or obtaining transgressive segregants for the improvement of grain yield (Bhanu Chand and Lavanya, 2025).Therefore, the present investigation was undertaken to assess genetic variability and identify promising genotypes for rice improvement.

2.MATERIALS AND METHODS
The present study included 29 rice genotypes obtained from ICAR-IIRR, Hyderabad, under the AICRIP program. The experiment was conducted at the Regional Agricultural Research Station (RARS), Warangal, Telangana, located at 18°01′N latitude and 79°60′E longitude, with an altitude of 270 m above mean sea level. The trial was laid out during the kharif season (July–November 2022) using a randomized block design with two replications. Twenty-five-day-old seedlings were transplanted with a spacing of 20 × 15 cm. Standard agronomic practices and plant protection measures were followed throughout the crop growth period. Observations were recorded on ten randomly selected plants per genotype in each replication for traits such as plant height, panicle length, number of productive tillers, and filled grains per panicle. Days to 50% flowering and grain yield were recorded on a plot basis, while 1000-grain weight was estimated from a random sample. Statistical analysis was carried out using INDOSTAT software (version 9.1).
Statistical analysis 
The data were analysed to perform tests of significance following the Randomised Block Design (RBD) for each trait, in accordance with the methodology described by Panse and Sukhatme (1995). The total variance and corresponding degrees of freedom were partitioned into three components, namely replication, treatment, and error. The dataset was subjected to analysis of variance (ANOVA) using standard statistical procedures. Estimation of genetic divergence is widely employed in plant breeding programmes for the purpose of parental selection. Mahalanobis’ D² statistic, together with multivariate (cluster) analysis, constitutes a robust statistical approach for assessing genetic diversity. The D² statistic was originally developed by Mahalanobis in 1936, and its application for evaluating genetic diversity in plant breeding was subsequently advocated by Rao (1952).
Custer analysis 
Genotypes were initially grouped on the basis of trait similarity as part of the primary cluster analysis. Individuals exhibiting similar phenotypic descriptions were automatically assigned to the same cluster. Euclidean, or straight-line, distance is the most commonly employed measure in diversity analysis based on biometric traits and was used in the present study. The Euclidean distance between two individuals, i and j, characterised by observations on traits denoted as x1k, x2k, x3k….xkk, was computed using the standard formula given below.

     dij=√∑𝑘 (𝑋𝑖𝑘 − 𝑋𝑗𝑘)2           1Where, k = number of genotypes
               1
Group constellation 
The genotypes were classified into different clusters using Tocher’s method. Initially, the two genotypes exhibiting the smallest inter-cluster distance were grouped together. Subsequently, a third genotype showing the lowest average D² value relative to the initial pair was included. Thereafter, the nearest fourth genotype was added, and this procedure was continued for the remaining genotypes. At a certain stage, if the inclusion of a particular genotype resulted in an increase in the average D² value, that genotype was excluded from the current cluster and a new cluster was initiated. This iterative process was continued until all genotypes were allocated to one cluster or another. The intra-cluster distance was estimated using the formula ∑ 𝐷2 i/n, where ∑𝑑2 i represents the sum of distances among all possible combinations of genotypes within a cluster, and [n=I (i-1)/2] denotes the total number of pairwise combinations among the (i) genotypes included in a given cluster.
Inter cluster distance 
The inter-cluster distance was calculated by summing all possible D² values between genotypes belonging to two different clusters and dividing the total by the product n1x n2, where n1 and n2 denote the number of genotypes in the respective clusters. Cluster means were computed by summing the mean values of all genotypes within a given cluster for each character and dividing the total by the number of genotypes in that cluster. The resulting value represents the cluster mean for the respective trait.
Character contribution towards divergence 
All the possible combination of genotypes [n (n-1)/2], each trait was ranked based on di values (yi1-yi2). The highest mean difference was rank first and lowest mean difference was rank “p”, where “p” is total number of traits were studied.

All possible combinations of genotypes, [n (n-1)/2], were considered, and each trait was ranked on the basis of its di values, defined as (yi1-yi2). The trait exhibiting the highest mean difference was assigned rank 1, whereas the trait showing the lowest mean difference was assigned rank “p”, where “p” denotes the total number of traits studied.
                                                         Number of times appearing first in ranking by Xi                                                     
     Percent contribution of traits   = ----------------------------------------------------------------
                                                                        100 [ n(n−1)/2]

Where, Xi = ith character and n = number of genotypes.
Table 1: List of 29 rice genotypes used in the study.

	S.No.
	Name of the Genotype
	S.No.
	Name of the Genotype

	1
	KNM 11544
	16
	HRI-214 (Hybrid)

	2
	NLR 3684
	17
	Pusa RH-60 (Hybrid)

	3
	RCPR 82-IR 14L362
	18
	UPLRH-162087 (Hybrid)

	4
	CRU-BCKV-22-35 (14-N22/35-13-4-5-2)
	19
	US 314 (Hybrid Check)

	5
	KPS 6251
	20
	IIRRH-130 (Hybrid)

	6
	MTU 1363
	21
	VNR-228 (Hybrid)

	7
	CR 4060-1318-5-2-2-2-1-5-3-4
	22
	JKRH-1004 (Hybrid)

	8
	CO-51(National Check)
	23
	UPLRH-180842 (Hybrid)

	9
	RNR 39029
	24
	PAN-2150 (Hybrid)

	10
	RTN 1403-7-1-1-2-4
	25
	WGL 962 (Local Check)

	11
	CRR 841-IR14L245
	26
	RP 6613- MSM-65-Bio-36-4-15

	12
	HKR 2018-39
	27
	RP 6613--MSM-66-Bio-88-4-15

	13
	 MTU 1153 (Zonal Check)
	28
	RP 6612-MSM-63-Bio-62-4-15

	14
	KNM 11505
	29
	Varalu (RP)

	15
	UPLRH-181325 (Hybrid)
	 
	 


Source: ICAR-IIRR, Rajendranagar, Hyderabad supplied seed material as a part of AICRIP 
            trial evaluation during kharif, 2022
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3.RESULTS AND DISCUSSION
Bottom of Form
Analysis of Variance

The analysis of variance (Table 2) indicated statistically significant differences among the rice genotypes for all the traits studied, confirming the existence of considerable variability. Such variability in yield and its contributing characters is essential for effective selection in breeding programs. The mean performance of genotypes (Table 3) revealed noticeable differences among entries for various traits. Genotypes such as JKRH-1004 (Hybrid), RP 6613-MSM-66-Bio-88-4-15, RP 6612-MSM-63-Bio-62-4-15, and UPLRH-162087 (Hybrid) exhibited early maturity, whereas KNM 11544 and NLR 3684 showed late flowering behaviour. In terms of panicle length, Varalu (RP), IIRRH-130 (Hybrid), CRR 841-IR14L245, and Pusa RH-60 (Hybrid) recorded higher values. The highest 1000-grain weight was observed in UPLRH-162087 (Hybrid), while the lowest values were recorded in WGL 962 (Local Check) and KPS 6251. Genotypes WGL 962 and KPS 6251 produced a higher number of grains per panicle, whereas KNM 11505 recorded the lowest. Maximum grain yield was achieved by UPLRH 181325, followed by IRRH-130, HRI 214, VNR 288, and UPLRH 162087, while RP 6613-MSM-65-Bio-36-4-15 recorded the lowest yield.

Table 2. Analysis of variance for 7 characters among 29 genotypes of rice
	Character
	Mean Sum of Squares

	
	Replications (df=2)
	Treatments (df=28)
	Error  
(df=56)

	Days to 50% flowering
	2.77
	100.82**
	1.83

	No. of Productive tillers m-2
	861.96
	502.12*
	296.81

	Plant height (cm)
	2.98
	228.36**
	0.93

	Panicle length (cm)
	0.095
	8.899**
	0.329

	No. of  Grains panicle-1
	925.75
	5962.81**
	326.699

	1000 grain weight (g)
	1.03
	45.130**
	1.07

	Grain yield (Kg ha-1)
	438895.7
	5640981.65**
	281166.6


*Significant at (p=0.05) level; **at (p=0.01) level





Table 3: Mean values of 7 characters for 29 rice genotypes

	S.no.
	Genotype
	Days to 50% flowering
	No. of Productive tillers m-2
	Plant height (cm)
	Panicle length (cm)
	No. of grains panicle-1
	1000
grain weight (g)
	Grain yield (Kg ha-1)

	1
	KNM 11544
	101
	325
	132.1
	28.5
	186
	27.2
	5602

	2
	NLR 3684
	101
	356
	117.9
	24.9
	216
	26.6
	6333

	3
	RCPR 82-IR 14L362
	99
	327
	120.4
	26.4
	196
	24.6
	5469

	4
	CRU-BCKV-22-35 (14-N22/35-13-4-5-2)
	96
	327
	107.9
	23.4
	254
	22.6
	6833

	5
	KPS 6251
	97
	333
	116.6
	27.0
	334
	16.6
	5657

	6
	MTU 1363
	95
	333
	117.9
	26.1
	174
	28.2
	5602

	7
	CR 4060-1318-5-2-2-2-1-5-3-4
	99
	360
	130.3
	27.3
	194
	30.2
	6525

	8
	CO-51(National Check)
	86
	327
	107.7
	24.5
	174
	18.6
	4630

	9
	RNR 39029
	92
	340
	96.4
	25.8
	210
	22.7
	4180

	10
	RTN 1403-7-1-1-2-4
	91
	331
	105.5
	26.4
	235
	21.9
	4534

	11
	CRR 841-IR14L245
	98
	322
	106.6
	29.2
	160
	26.0
	4991

	12
	HKR 2018-39
	92
	354
	117.5
	27.0
	170
	26.6
	5037

	13
	 MTU 1153 (Zonal Check)
	97
	321
	110.1
	26.4
	229
	24.0
	6031

	14
	KNM 11505
	99
	348
	122.1
	26.4
	157
	25.3
	5600

	15
	UPLRH-181325 (Hybrid)
	97
	318
	108.7
	25.2
	212
	24.9
	9479

	16
	HRI-214 (Hybrid)
	94
	327
	114.7
	26.1
	289
	24.8
	7465

	17
	Pusa RH-60 (Hybrid)
	100
	332
	117.5
	28.7
	257
	26.7
	4765

	18
	UPLRH-162087 (Hybrid)
	85
	342
	107.7
	27.3
	170
	31.8
	7277

	19
	US 314 (Hybrid Check)
	88
	309
	117.5
	27.5
	282
	22.1
	6191

	20
	IIRRH-130 (Hybrid)
	100
	328
	127.4
	29.2
	201
	23.0
	7634

	21
	VNR-228 (Hybrid)
	86
	327
	112.6
	24.5
	196
	27.4
	7299

	22
	JKRH-1004 (Hybrid)
	84
	325
	96.5
	23.9
	231
	25.8
	4599

	23
	UPLRH-180842 (Hybrid)
	96
	333
	115.9
	25.6
	219
	26.2
	7001

	24
	PAN-2150 (Hybrid)
	95
	339
	121.9
	26.9
	233
	26.7
	7110

	25
	WGL 962 (Local Check)
	96
	356
	105.5
	22.5
	309
	13.3
	6176

	26
	RP 6613- MSM-65-Bio-36-4-15
	86
	322
	107.4
	27.1
	197
	20.8
	3334

	27
	RP 6613--MSM-66-Bio-88-4-15
	84
	330
	104.6
	24.7
	182
	23.3
	3993

	28
	RP 6612-MSM-63-Bio-62-4-15
	84
	322
	111.0
	25.3
	193
	23.5
	3890

	29
	Varalu (RP)
	90
	312
	113.2
	29.2
	235
	20.2
	5036

	
	Mean
	93
	334
	113.41
	26.31
	217
	24.18
	5802

	
	CV
	1.45
	5.19
	0.85
	2.18
	8.32
	4.2
	9.13

	
	SEm±
	0.78
	9.94
	0.55
	0.33
	10.43
	0.60
	306.14

	
	CD (p=0.05%)
	2.21
	28.17
	1.57
	0.93
	29.56
	1.69
	867.29



Cluster distances and composition:

Using Mahalanobis D² analysis, the 29 genotypes were classified into six distinct clusters (Figure 1). The composition of the various clusters derived from the D² analysis is presented in Table 4 and illustrated diagrammatically in Figure 1. Cluster analysis, employed to assess intra- and inter-cluster distances among groups, is an effective approach for the classification of genotypes in plant breeding studies (Latif et al., 2011). Cluster I included the highest number of genotypes (8), followed by cluster VI (7) and cluster IV (6). Similar clustering patterns have been reported in earlier studies (Chakravorty and Ghosh, 2013; Akhter et al., 2022; Negi et al., 2024; Siddi, 2020; Singh et al., 2021; Prasad et al., 2021; Tiwari et al., 2026), confirming the presence of substantial genetic diversity in rice germplasm. The intra- and inter-cluster distances (Table 5, Figure 2) revealed important information regarding genetic relationships among genotypes. The intra-cluster distance ranged from 0 to 44.64, with the highest value observed in cluster III (44.64), followed by clusters I (28.01), IV (20.59), and II (19.94). Clusters V and VI showed zero intra-cluster distance, indicating genetic similarity among their genotypes. The relatively higher intra-cluster distance in cluster III suggests greater variability within that group, which may be useful for selection. The inter-cluster distance varied from 50.17 to 524.33. The maximum distance (524.33) was observed between clusters II and IV, followed by clusters II and VI(425.56), cluster II & III (263.58), cluster I & IV (211.59), and cluster IV & V (201.65) (Figure 2).This indicates that genotypes from these clusters are highly divergent and may serve as potential parents for hybridization to generate desirable segregants. In contrast, the lowest inter-cluster distance between clusters I and V (50.17) suggests close genetic similarity, and crossing between such clusters may not yield significant variability. These findings are consistent with earlier reports (Rabbani et al., 2008; Negi et al., 2024; Amegan et al., 2020; Kishore et al., 2018; Vennila et al., 2011).
It was also observed that cluster II exhibited high inter-cluster distances with most other clusters, indicating its importance in breeding programs. Genotypes such as RNR 39029, JKRH-1004 (Hybrid), and WGL 962 from this cluster may be effectively utilized in hybridization to obtain superior progenies with desirable traits. Similar observations have been reported by Thakur and Sarma (2023), Siddi (2020), and Singh et al. (2020b).However, lowest inter cluster distance was noticed between cluster I & IV (50.17) followed by cluster I & III (78.82), cluster III & IV (81.05) and cluster III & V (92.40) indicating that the genotypes of the cluster I, III, IV and V had genetic resemblance. Therefore, crosses between genotypes belonging to cluster pairs exhibiting very low inter-cluster distances are unlikely to be rewarding, owing to the limited genetic diversity among the respective genotypes. The intra-cluster group means for the seven characters (Table 5) indicated pronounced differences among clusters with respect to mean performance across different traits.
Table 4: Distribution of 29 rice genotypes into different clusters based on 7 traits
	Cluster
	  No. of
        genotypes	
	                        Genotypes grouped

	Cluster I
	8
	CRU-BCKV-22-35 (14-N22/35-13-4-5-2), CO-51(National Check), RTN 1403-7-1-1-2-4, CRR 841-IR14L245, UPLRH-181325 (Hybrid), RP 6613-MSM-65-Bio-36-4-15, RP 6613-MSM-66-Bio-88-4-15, RP 6612-MSM-63-Bio-62-4-15

	Cluster II
	3
	RNR 39029, JKRH-1004 (Hybrid), WGL 962 (Local Check)

	Cluster III
	2
	UPLRH-162087 (Hybrid), VNR-228 (Hybrid)

	Cluster IV
	6
	KPS 6251, MTU 1153 (Zonal Check), HRI-214 (Hybrid), US 314 (Hybrid Check), UPLRH-180842 (Hybrid), Varalu (RP)

	Cluster V
	3
	KNM 11544, CR 4060-1318-5-2-2-2-1-5-3-4, IIRRH-130 (Hybrid)

	Cluster VI
	7
	NLR 3684, RCPR 82-IR 14L362, MTU 1363,  HKR 2018-39,  KNM 11505, Pusa RH-60 (Hybrid), PAN-2150 (Hybrid)



Table 5: Average intra and inter-cluster distance
	Cluster
	I
	II
	III
	IV
	V
	VI

	I
	28.01
	96.24
	78.82
	211.59
	50.17
	174.55

	II
	
	19.94
	263.58
	524.33
	152.27
	425.56

	III
	
	
	44.64
	81.05
	92.40
	104.57

	IV
	
	
	
	20.59
	201.65
	94.29

	V
	
	
	
	
	0.00
	95.25

	VI
	
	
	
	
	
	0.00



Principal Component Analysis:
Principal component analysis (PCA) was carried out to determine the relative contribution of different traits to the total variability. The estimated eigenvector values, percentage of variance, and cumulative percentage of variance are presented in Table 6. The first two principal components had eigenvalues of 1035.96 and 159.19, together explaining 83.11% of the total variation. The first principal component contributed 72.04% of the variation, with plant height, 1000-grain weight, days to 50% flowering, and panicle length being the major contributing traits. The second principal component accounted for 11.07% of the variation, mainly influenced by days to 50% flowering, number of filled grains per panicle, and plant height. The third principal component contributed 7.27% of the total variation, with grain yield, days to 50% flowering, and 1000-grain weight showing higher influence. These results indicate that a few key traits are responsible for the majority of variability among genotypes. Similar findings were reported by Siddi (2020), Chandra et al. (2022), Naik et al. (2021), and Thakur and Sarma (2023), where a limited number of principal components explained a major proportion of total variation.
Table 6: Eigenvectors and eigen values of the first three principal components of 7 traits in rice

	Variable
		Eigenvectors	

	
	                 PC1	
	PC2	
	PC3 

	Eigene value
	1035.96
	159.191
	104.564

	Variation (%)
	72.047
	11.071
	7.272

	Cumulative Var. Exp.
	72.047
	83.118
	90.390

	Days to 50% Flowering
	0.2677
	0.4986
	0.5887

	Number of productive tillers m2
	-0.1821
	-0.0318
	0.0800

	Plant height (cm)
	0.8614
	0.1549
	-0.1591

	Panicle length (cm)
	0.1973
	-0.1048
	-0.3637

	Number of filled grains panicle-1
	-0.0444
	0.3880
	0.04655

	1000 grain weight (g)
	0.3326
	-0.7275
	0.2777

	Grain yield kg ha-1
	-0.0383
	-0.1881
	0.6403

	PC: Principal component


Cluster means for different characters:
The mean performance of clusters (Table 7) showed considerable variation for different traits. Cluster II recorded the highest values for grain yield, 1000-grain weight, panicle length, plant height, and days to 50% flowering. Cluster V showed the highest number of grains per panicle, while cluster VI recorded the maximum number of productive tillers. On the other hand, cluster IV exhibited comparatively lower values for grain yield, plant height, and days to 50% flowering . These variations indicate that clusters II, V, and VI possess desirable traits and may be useful in breeding programs aimed at yield improvement. Similar observations have been reported in earlier studies (Tiwari et al., 2026; Thakur and Sarma, 2023; Sharma et al., 2011; Chakravorty and Ghosh, 2013; Kumar, 2015; Amudha and Ariharasutharsan, 2021).
	Table 7: Cluster mean values for different characters in 29 rice genotypes

	Cluster
	Days to 50% flowering
	No. of productive tillers m2
	Plant height (cm)
	Panicle length (cm)
	No. of grains panicle-1
	1000
grain weight (g)
	Grain yield (kg ha-1)

	I
	95.42
	332.64
	117.19
	26.77
	221.39
	25.17
	5969.97

	II
	100.11
	337.44
	129.33
	28.31
	193.67
	26.81
	6587.11

	III
	89.27
	326.87
	107.95
	25.76
	197.33
	24.07
	5626.03

	IV
	87.67
	332.33
	96.43
	24.88
	220.50
	24.25
	4389.50

	V
	96.67
	333.33
	116.60
	27.00
	334.00
	16.60
	5657.33

	VI
	96.33
	356.33
	105.33
	22.47
	309.00
	13.30
	6176.33




Trait contribution towards the divergence:
The relative contribution of different traits to genetic divergence (Table 8) indicated that plant height contributed the highest (31.92%), followed by days to 50% flowering (24.78%) and 1000-grain weight (20.16%). Together, these traits accounted for a major portion of total divergence, highlighting their importance in selection. Other traits such as grain yield, panicle length, and number of filled grains per panicle contributed comparatively less to total divergence. These findings are in agreement with previous studies (Naik et al., 2021; Singh et al., 2020; Chandra et al., 2022; Banumathy et al., 2010; Srinivas et al., 2016). However, some reports (Prasad et al., 2021) indicated a higher contribution of number of grains per panicle, showing variation across studies. The results emphasize that traits with higher contribution to divergence should be given priority during selection to achieve effective genetic improvement in rice.
Table 8: Relative contribution of individual trait towards divergence among rice genotypes

	Trait
	Times Ranked first
	Contribution

	Days to 50% Flowering
	59
	24.78%

	Number of productive tillers m2
	0
	0.0%

	Plant height (cm)
	76
	31.92%

	Panicle length (cm)
	16
	6.72%

	Number of filled grains panicle--1
	15
	6.30%

	1000 grain weight (g)
	48
	20.16%

	Grain yield kg ha-1
	25
	10.50%





4.CONCLUSION
 
The study revealed considerable genetic variability among the evaluated rice genotypes. Based on Mahalanobis D² analysis, the genotypes were grouped into six distinct clusters, indicating diverse genetic backgrounds. The highest inter-cluster distance between clusters II and IV suggests that crosses involving these genotypes may result in superior hybrids with enhanced heterosis. Key traits such as plant height, days to 50%  flowering, and 1000-grain weight contributed significantly to genetic divergence. These findings provide valuable insights for selecting suitable parental lines and developing high-yielding rice varieties.
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Figure 1: Dendrogram representing the grouping of 29 rice genotypes by Tocher’s Method
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   Fig. 2. Cluster diagram depicting intra and inter-cluster distances between 29 rice genotypes
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