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STUDIES ON GENETIC DIVERSITY FOR YIELD AND YIELD ATTRIBUTING TRAITS IN ADVANCED LINES OF RICE (Oryza sativa L.)


ABSTRACT
Investigation was conducted to study genetic diversity among the 48 rice genotypes for eight yield and yield related traits using Mahalanobis D2 analysis. The experimental materials were evaluated during kharif 2024 at Regional Agricultural Research Station, Maruteru. Univariate analysis of variance revealed significant differences for the eight characters under study. The 48 advanced lines of rice were grouped into 9 Clusters using Tocher’s method. Cluster I contained the most genotypes (28) and clusters VIII and IX were singleton clusters. The maximum inter-cluster distance was observed between Cluster V and ⅦI (20.1805). Selection of genotypes from these Clusters may serve as potential donors for future hybridization programme to develop recombinants with high yield and desirable traits. Highest mean for test weight and grain yield /plant was reported in Cluster IV and highest mean for no. of ear bearing tillers/m2 and number of filled grains/panicle was reported in cluster V. The traits, number of filled grains/panicle (36.31%) contributed maximum to the genetic divergence and minimum by the panicle length (0.41%).
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INTRODUCTION
Rice is a self-pollinated, short day, monocotyledonous angiosperm belonging to the genus Oryza of the family Poaceae. It is the staple food for 65% of the global population and forms the cheapest source of food energy and protein and plays a crucial role in global food security. In India it is occupying a significant portion of cultivated land and supporting millions of farmers (Gupta, 2024). Globally rice production reached 495.78 million tons in recent years, with the projections of 525 million tons by 2050 (Salihi et al., 2024). In India Rice was cultivated in 51million ha with 147 million tons production and 4.32 tons productivity during 2024-25. (USDA, 2024). In order to achieve the global projections, there is a dire need to develop the high yielding varieties coupled with resistance to major pest and diseases.
In the present scenario the productivity of rice has reached a plateau. Breeding for high yields and resilience to biotic and environmental stress is the main objective and crucial phase in the breeding program in order to avoid major barriers to the production of rice worldwide (Mohamed et al., 2019; Ashry et al., 2018 and Gaballah et al., 2022).To improve the agronomic features, it will be helpful to investigate the genetic background and diversity of each variety (Sabri et al., 2020 and Zhong et al., 2021). Genetic diversity studies are essential for breeding and improvement projects because they ensure the proper use of germplasm resources and a successful breeding system for the promotion of closely related crop species, (Al-Daej et al., 2022).  Multivariate statistical analyses like Mahalanobis's (1936) D2 statistic provides a useful tool for measuring the genetic diversity of different genotypes for their utilisation in crop breeding programmes aimed at the development of high yielding varieties. 
MATERIALS AND METHODS
The experiment was conducted at Regional Agricultural Research Station Maruteru, West Godavari (Dist.), Andhra Pradesh. The experimental material for this investigation included 48 advanced breeding lines of rice and their details are presented in Table 1. Twenty-five-days-old seedlings of the genotypes were transplanted in Alpha Lattice Design in two replications by adopting a spacing of           20 × 15 cm between and within the rows. All the recommended packages of practices    and need-based plant protection measures were followed to raise a healthy crop. Data was recorded at different growth stages on five randomly selected plants per genotype per replication for plant height, number of ear bearing tillers/m2, panicle length, number of filled grains/panicle, test weight and grain yield/plant. The data on the remaining two parameters viz., days to 50% flowering and days to maturity were recorded at plot level. The genetic diversity between the genotypes was worked out using Mahalanobis D2 (1936) statistic and grouping of genotypes into clusters was done using Tocher’s method (Rao, 1952).
Table 1. List of genotypes used in the present study
	S. No
	Genotype
	S. No
	Genotype

	1
	MTU 3002 – 15 – 2 – 1 - 2
	25
	MTU 3005 - 4

	2
	MTU 2994 – 26 – 2 – 2 - 1
	26
	MTU 3006 - 7

	3
	MTU 2993 – 26 – 1 – 1 - 1
	27
	MTU 3004 - 15

	4
	MTU 2992 – 11 – 1 – 1 - 1
	28
	MTU 3004 - 27

	5
	MTU 2992 – 6 – 1 – 2 - 1
	29
	MTU 3007 - 3

	6
	MTU 2993 – 9 – 1 – 1 - 1
	30
	MTU 3004 - 10

	7
	MTU 2995 – 3 – 2 – 1 - 2
	31
	MTU 3006 - 15

	8
	MTU 2994 – 19 – 1 – 1 - 1
	32
	MTU 3007 - 6

	9
	MTU 2993 – 25 – 2 – 1 - 1
	33
	MTU 3006 - 11

	10
	MTU 2995 – 30 – 1 – 1 - 1
	34
	MTU 3006 - 3

	11
	MTU 2943 – 16 – 1 – 1 - 2
	35
	MTU 3004 - 7

	12
	MTU 3000 – 21 – 1 – 1 - 1
	36
	MTU 3007 - 12

	13
	MTU 3000 – 7 – 1 – 2 - 1
	37
	MTU 2994 – 28 – 2 – 1 - 1

	14
	MTU 2940 – 40 – 1 – 2 - 1
	38
	MTU 3005 - 5

	15
	MTU 3004 - 17
	39
	MTU 3006 - 4

	16
	MTU 3004 - 26
	40
	MTU 3054 – 1 - 17

	17
	MTU 3006 - 1
	41
	MTU 3055 - 1

	18
	MTU 3004 - 1
	42
	MTU 3056 - 1

	19
	MTU 3003 - 2
	43
	MTU 1156

	20
	MTU 3004 - 8
	44
	MTU 1293

	21
	MTU 2995 – 3 – 2 – 1 - 1
	45
	MTU 1121

	22
	MTU 3003 - 5
	46
	TN - 1

	23
	MTU 3003 - 19
	47
	PTB - 33

	24
	MTU 3006-8
	48
	BM - 71



RESULTS AND DISCUSSION
Univariate analysis of variance revealed significant differences for the eight characters under study in the 48 genotypes. This significance of the difference among 48 genotypes for 8 characters justifies further calculation of D2 values. 
The 48 rice genotypes were grouped into 9 distinct clusters using Tocher’s method based on D2 values.  The distribution of genotypes among these clusters is presented in Table 2 and illustrated in Fig.1. Among the nine clusters, Cluster Ⅰ emerged as largest cluster consist of 28 genotypes (PTB33, BM71, MTU 1121, MTU 1156, MTU1293, MTU 2940-40-1-2-1, MTU 2992-11-1-1-1, MTU 2993-25-2-1-1, MTU 2993-9-1-1-1, MTU 2994-26-2-2-1, MTU 2995-3-2-1-2, MTU 3000-21-1-1-1,  MTU 3000-7-1-2-1,  MTU 3002-15-2-1-2,  MTU 3003-2, MTU 3003-5, MTU 3004-1,  MTU 3004-15,  MTU 3004-27,  MTU 3004-8,  MTU 3005-4, MTU 3006-11, MTU 3006-15, MTU 3006-7, MTU 3007-3, MTU 3055-1, MTU 3056-1, TN 1), followed by Cluster Ⅲ consist of 5 genotypes ( MTU 2943-16-1-1-2, MTU 2995-30-1-1-1, MTU 3004-26, MTU 3004-7, MTU 3006-8), and Cluster Ⅱ consist of 4 genotypes (MTU 2992-6-1-2-1, MTU 3004-10, MTU 3006-1, MTU 3007-6),  Cluster Ⅳ consist of 3 genotypes (MTU 3005-5, MTU 3006-3, MTU 3007-12), Cluster Ⅶ consist of 2 genotypes (MTU 2993-26-1-1-1, MTU 3003-19),  Cluster Ⅵ had 2 genotypes (MTU 2994-19-1-1-1, MTU 2994-28-2-1-1), Cluster Ⅴ had 2 genotypes (MTU 2995-3-2-1-1, MTU 3004-17), Cluster Ⅸ  consist of one genotype (MTU 3006-4) and Cluster Ⅷ consist of one genotype (MTU 3054-1-17). The mode of distribution of genotypes from different geographical regions into various clusters was thus observed to be at random indicating no relation of geographic. Both distinct clusters and the same cluster were found to have genotypes selected from the same eco-geographical location. These findings are in conformity with reports of Ashok et al., 2017 and Singh et al, 2020. The flow of breeding material across geographical boundaries and further intense natural and human selection for diverse and adaptable gene complexes may be the cause of this random grouping resulting genetic drift and subsequent increased genetic diversity (Arunachalam and Ram, 1967).












Table 2. Clustering pattern of genotypes for yield and yield component traits in rice
	Cluster
	Number of genotypes
	Genotypes

	Cluster I
	28
	PTB 33 , BM 71 , MTU 1121 , MTU 1156, MTU 1293, MTU 2940-40-1-2-1, MTU 2992-11-1-1-1, MTU 2993-25-2-1-1, MTU 2993-9-1-1-1, MTU 2994-26-2-2-1, MTU 2995-3-2-1-2, MTU 3000-21-1-1-1, MTU 3000-7-1-2-1, MTU 3002-15-2-1-2, MTU 3003-2, MTU 3003-5, MTU 3004-1, MTU 3004-15, MTU 3004-27, MTU 3004-8, MTU 3005-4, MTU 3006-11, MTU 3006-15, MTU 3006-7, MTU 3007-3, MTU 3055-1, MTU 3056-1and TN 1.

	Cluster Ⅲ
	5
	MTU 2943-16-1-1-2, MTU 2995-30-1-1-1, MTU 3004-26, MTU 3004-7 andMTU 3006-8

	Cluster Ⅱ
	4
	MTU 2992-6-1-2-1, MTU 3004-10, MTU 3006-1 and MTU 3007-6

	Cluster Ⅳ
	3
	[bookmark: _Hlk197382034]MTU 3005-5, MTU 3006-3 and MTU 3007-12

	Cluster Ⅶ
	2
	[bookmark: _Hlk197381769]MTU 2993-26-1-1-1 and MTU 3003-19

	Cluster Ⅵ
	2
	[bookmark: _Hlk197381852]MTU 2994-19-1-1-1 and MTU 2994-28-2-1-1

	Cluster Ⅴ
	2
	[bookmark: _Hlk197381933]MTU 2995-3-2-1-1 and  MTU 3004-17

	Cluster Ⅸ
	1
	[bookmark: _Hlk197382132]MTU 3006-4

	Cluster Ⅷ
	1
	[bookmark: _Hlk197382168]MTU 3054-1-17



Fig 1.Dendrogram showing a relationship among 48 rice genotypes in 9 Clusters based Mahalanobis D2 values
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The results on intra-cluster distances (Table 3), indicative of the diversity among the genotypes grouped in that cluster, revealed that intra-cluster D2 values ranged from 0.00 (Cluster Ⅷ, Ⅸ) to 5.0806 (Cluster ⅤⅠ⁠Ⅰ). The maximum intra-cluster D2 value was 5.0806 for Cluster ⅤⅠ⁠Ⅰ, followed by 4.1301 for Cluster Ⅰ, 2.9788 for Cluster Ⅳ, 2.9494 for cluster Ⅲ, 2.9271 for Cluster Ⅵ, 2.0370 for Cluster Ⅱ and 1.4738 for Cluster Ⅴ. Greater the distance between two Clusters, the wider the diversity expected between the genotypes of the two clusters. Hence, high intra-cluster distance in cluster VII indicated the presence of wide genetic diversity among the genotypes viz., MTU 2993-26-1-1-1 and MTU 3003-19. However, the intra-cluster distance was zero for the mono-genotypic clusters Ⅷ, Ⅸ.  
In the present study, the maximum inter-cluster distance (Table 3) was observed between Cluster V and ⅦI (20.1805). Therefore, hybridization between genotypes of Cluster V viz., MTU 2995-3-2-1-1 and MTU 3004-17 with the MTU 3054-1-17 of Cluster VIII is expected to result in greater variability and transgressive segregants. The minimum inter-cluster distance was observed between Cluster II and Cluster IV (5.9446), indicating their relatively closer relationship and similarity with regards to characters studied for most of the genotypes in the two clusters. Overall, inter-cluster distances were observed to be greater than the intra-cluster distances indicating the presence of wider genetic diversity present between clusters rather than within clusters.
Cluster mean values on eight characters are presented in Table 4. The cluster mean values revealed that, Cluster Ⅴ had recorded a maximum mean value for ear-bearing tillers/ m2 (362.25) and number of filled grains/panicle (258.25). Cluster Ⅳ had recorded a maximum mean value for test weight (26.35) and grain yield/plant (12.64). Cluster Ⅸ had recorded a maximum mean value for plant height (144.70) and panicle length (28.01). Cluster Ⅲ had recorded maximum mean value for days to 50% flowering (97.75) and days to maturity (127.25). There was no single cluster with all the desirable traits, which ruled out the possibility of direct selection of genotypes for immediate use which is in agreement with the reports of Singh et al., (2020). The results indicated wide range of mean values between the clusters. It is advised to use genotypes chosen from Clusters with high means for the relevant qualities in hybridization initiatives meant to enhance those features. Hence selection of genotypes from clusters IV and V is suggested for utilisation in hybridisation programme aimed at the development of high yielding varieties as they are having high mean values for yield contributing characters viz., ear-bearing tillers/ m2 , number of filled grains/panicle, test weight and grain yield/plant.
The relative contribution of a particular character towards total diversity was studied and their per cent contribution was presented in Table 5.  The results revealed that  maximum contribution towards genetic divergence was recorded by number of filled grains / panicle (36.31%), followed by days to maturity (17.75%), days to 50% flowering(14.78%), number of ear bearing tillers / m2 (14.54%), plant height (9.17%), test weight (4.53%), grain yield / plant (2.50%) and  minimum by panicle length (0.41%). The results obtained for the relative contribution of each character towards diversity were supported by the earlier findings of Sheeba et al., (2025) ; Balasubramanian and Venilla (2022) for number of grains/panicle and days to 50% flowering and Yashwanth et al., (2025) for days to 50% flowering. Hence, selection for divergent parents based on number filled grains/panicle, days to maturity, days to 50% flowering and number of ear bearing tiller/m2 would be useful for increasing the scope of isolating desirable recombinants in the breeding of high yielding genotypes.

Table 3. Average intra and inter cluster D2 values among the clusters
	Cluster Number
	Cluster
I
	Cluster
Ⅱ
	Cluster
Ⅲ
	Cluster
Ⅳ
	Cluster
Ⅴ
	Cluster
Ⅵ
	Cluster
Ⅶ
	Cluster
Ⅷ
	Cluster
Ⅸ

	Cluster I
	4.1301 
	6.7507 
	7.5482 
	7.0052 
	14.6518 
	9.7472 
	9.7783 
	10.8634 
	10.9108 

	Cluster  Ⅱ
	
	2.0370 
	12.6662 
	5.9446 
	12.5509 
	8.5185 
	7.8915 
	15.2439 
	12.0102 

	Cluster Ⅲ
	
	
	2.9494 
	6.5795 
	18.4615 
	13.0527 
	11.6514 
	7.1909 
	8.8317 

	Cluster Ⅳ
	
	
	
	2.9788 
	15.5207 
	11.4706 
	9.2751 
	7.5754 
	9.1014 

	Cluster Ⅴ
	
	
	
	
	1.4738 
	17.6423 
	17.6128 
	20.1805 
	7.8778 

	Cluster Ⅵ
	
	
	
	
	
	2.9271 
	14.6287 
	15.6922 
	10.0567 

	Cluster Ⅶ
	
	
	
	
	
	
	5.0806 
	18.9761 
	19.2797

	Cluster Ⅷ
	
	
	
	
	
	
	
	0.0000 
	7.3853 

	Cluster Ⅸ  
	
	
	
	
	
	
	
	
	0.0000 


*Diagonal bold values indicate intra-cluster distance

 



Table 4. Cluster means of 48 rice genotypes for yield and yield component traits
	Trait
	Cluster
I
	Cluster Ⅱ
	Cluster Ⅲ
	Cluster
Ⅳ
	Cluster
Ⅴ
	Cluster
Ⅵ
	Cluster Ⅶ
	Cluster
Ⅷ
	Cluster
Ⅸ

	Days to 50% flowering
	90.57
	88.30
	97.75
	88.50
	97.25
	95.50
	94.00
	97.00
	91.50

	Days to maturity
	120.38
	118.40
	127.25
	118.50
	126.75
	117.75
	124.00
	123.00
	121.50

	Plant height
	122.57
	133.32
	125.23
	121.85
	119.90
	124.55
	138.33
	136.80
	144.70

	No of ear bearing tillers/m2
	339.95
	344.90
	334.13
	343.25
	362.25
	330.00
	345.00
	330.00
	346.50

	Panicle length
	25.52
	27.69
	25.13
	26.82
	27.96
	24.58
	25.38
	27.39
	28.01

	Number of filled grains/panicle
	201.59
	230.10
	185.50
	185.00
	258.25
	138.75
	214.50
	215.00
	178.00

	Test weight
	17.87
	19.85
	19.71
	26.35
	18.24
	21.78
	18.53
	17.65
	17.84

	Grain yield/plant
	10.22
	7.72
	9.91
	12.64
	9.92
	9.85
	9.13
	8.53
	8.68



Table 5. Contribution of different characters towards genetic diversity
	S.No.
	Character
	Contribution (%)

	1
	Days to 50% flowering
	14.78

	2
	Days to maturity
	17.75

	3
	Plant Height (cm)
	9.17

	4
	No. of ear bearing tillers/m2
	14.54

	5
	Panicle length (cm)
	0.41

	6
	Number of filled grains/panicle
	36.31

	7
	Test weight (g)
	4.53

	8
	Grain yield/plant (g)
	2.50



CONCLUSION
Cluster analysis revealed wide variation for intra and inter cluster distances, indicating varying degrees of genetic diversity.  Maximum inter-cluster distance was observed between Cluster V and ⅦI (20.1805). Therefore, hybridization between genotypes of Cluster V with the MTU 3054-1-17 of Cluster VIII is expected to result in greater variability and transgressive segregants. Further, hybridization between the selected genotypes from divergent clusters is suggested for the judicious combination of all the targeted traits. In this direction, the selection of genotypes from clusters Ⅲ, Ⅳ, Ⅴ and Ⅸ suggested utilization in hybridization programmes aimed at the development of high yielding rice genotypes. Selection for divergent parents based on number filled grains / panicle, days to maturity, days to 50% flowering and number of ear bearing tiller / m2 would be useful for increasing the scope of isolating desirable recombinants in the breeding of high yielding genotypes.
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