Genetic divergence analysis for grain yield and associated traits of Rice (Oryza sativa L.) under irrigated condition


Abstract:
In this current study, a comprehensive examination encompassing 72 distinct rice genotypes from the Germplasm collection was conducted. Notable checks, Sarjoo-52, NDR-2065, and MTU-7029, exhibited a broad spectrum of variations in multiple traits during the kharif season of 2022. The assessment, conducted at CRS Masodha of Acharya Narendra Deva University of Agriculture and Technology, Narendra Nagar (Kumarganj), Ayodhya, involved a meticulously designed experiment with 8 blocks and 11 plots each. The parameters under scrutiny included days to 50% flowering, days to maturity, plant height, panicle length, number of productive tillers per plant, flag leaf area, fertile spikelet per panicle, spikelet fertility percentage per panicle, biological yield, harvest index, 1000-grain weight, and grain yield. Employing non-hierarchical Euclidean cluster analysis, the 72 genotypes were classified into 11 clusters. Cluster (IX) exhibited the highest number of entries (9), followed by clusters (V), (VIII), and (XI) with 8 entries each. Clusters (I), (VI), and (VII) comprised 7 entries each, while clusters (II), (III), and (IV) contained 6 entries each, and cluster (X) had only 3 entries. Noteworthy intra-cluster and inter-cluster distances were observed, with cluster (X) displaying the highest intra-cluster distance (27.97) and cluster (I) exhibiting the lowest (3.88). The maximum inter-cluster distance was noted between cluster (X) and cluster (IV) (36.24), while the minimum inter-cluster distance was observed between cluster (VII) and cluster (VI) (12.516). Lines from distinct clusters demonstrating high-performance traits in the desired direction may be considered as potential parental choices for future breeding programs.
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Introduction:
Rice belongs to the genus Oryza and the family of Poaceae family. There are two main types of cultivated rice. Oriza Sativa (Asian rice) and Oriza Graberima (African rice) are chromosome 2N = 24. This is the basic food harvest of almost 4 billion people worldwide, providing 27% calories in low and medium comb countries. Almost 95% of rice production occurs in Asian countries, and almost half of the world's population consumes them (Sneha et al. 2024). The expansion of rice cultivation areas becomes limited. Biotic and abiotic pressures, diminishing productivity in intensive production systems, escalating production costs, and suboptimal varieties contribute to the current low yield scenario. Therefore, breeding resilient rice varieties with increased grain yield per unit land area becomes imperative, particularly considering the reduction in available land for cultivation (Paterson et al., 2005). However, the persistent challenge of micronutrient malnutrition affects over two billion individuals globally, primarily women and preschool-aged children, due to diets rich in cereals and plants lacking essential micronutrients (Aiyswaraya et al. 2017). The incredible increase in productivity per hectare over the years has contributed to an increase in total production. The reason for this higher productivity is the green revolution, where short HYV and HYV (higher varieties), application of fertilizer and irrigation and irrigation practices were introduced. As we know, India is currently exposed to nutritional defects. Therefore, it is important to diversify the focus of agriculture on millet, impulse and oil seeds, in addition to rice production (Singh et al. 2024).
Materials and Methods
The present investigation aimed to scrutinize 72 rice germplasm, alongside three benchmark varieties-Sarjoo-52, MTU-7029, and NDR-2065—within an Augmented Block Design at Crop Research Station, Masodha, part of Narendra Deva University of Agriculture and Technology in Narendra Nagar, Kumarganj, Ayodhya (U.P.). This diverse set of genotypes exhibited a rich tapestry of variations in various agronomical and morphological traits. The experimental field was divided into 8 blocks, each housing 12 plots. Within each block, 9 genotypes and 3 checks found their place. The plots, organized into three rows of 3 m length, maintained a spacing of 10 cm between plants and 20 cm between rows. Adhering to recommended cultural practices, the aim was to cultivate a robust and normal crop. Data collection encompassed key parameters such as days to 50% flowering, days to maturity, plant height (cm), number of productive tillers per plant, panicle length (cm), flag leaf area (cm2), number of fertile spikelets per panicle, spikelet fertility (%), biological yield per plant (g), harvest index (%), 1000-grain weight (g), and grain yield per plant (g). The study delved further into the genetic divergence among the 72 genotypes using a Non-hierarchical Euclidean cluster analysis, as proposed by P. C. Mahalanobis in 1938.
Results and Discussion 
 	Genetic divergence analysis: The D2 analysis elucidated the clustering patterns of rice, providing insights into genetic diversity among the 72 germplasm lines. The non-hierarchical Euclidean cluster analysis was employed to study the genetic diversity existing among 72 rice germplasm collection and 3 checks on the basis of 12 quantitative characters. The pseudo f – test revealed that ten cluster arrangements were most appropriate for grouping the 72 genotypes. The highest numbers of genotypes were present in cluster (IX) which contained 9 entries, followed by cluster (V, VIII, XI) 8 entries and cluster (I, VI, VII) with 7 entries. The highest intra-cluster distance was observed in cluster (X) (27.971) followed by cluster (V) (15.951) and cluster (XI) (15.497). The lowest intra cluster distance was recorded for cluster (I) (3.883) followed by cluster (VI) (5.766). The maximum inter cluster distance was found between cluster (IV) and cluster (X) (36.240). The minimum inter cluster distance was observed between cluster (VII) and cluster (VI) (12.516). For days to 50% flowering the cluster mean ranged from 87 days (cluster XI) to 104 days (cluster X). Maximum mean for days to 50% flowering was recorded for cluster X (104 days). While minimum mean was recorded for cluster XI (87.00) followed by cluster VI (88.857). For days to maturity the cluster mean ranged from 111.750 days (cluster XI) to 127.333 days (cluster X). Maximum mean for days to maturity was recorded for cluster X (127.333 days). While minimum mean was recorded for cluster XI (111.750 days). and plant height, the cluster mean ranged from 102.947 cm (cluster IV) to 146.333 cm (cluster X). Maximum mean for days to maturity was recorded for cluster X (146.333cm). While minimum mean was recorded for cluster IV (102.947cm). and the panicle bearing tillers per plants, cluster mean ranged from 8.701 (cluster IX) to 22.255 (cluster IV). Maximum mean for panicle bearing tillers per plant was recorded for cluster IV (22.255). While minimum mean was recorded for cluster IX (8.701). and the panicle length, cluster mean ranged from 22.664 (cluster I) to 30.980 (cluster VI). Maximum mean for panicle length was recorded for cluster VI (30.980). While minimum mean was recorded for cluster I (22.664). and flag leaf area, the cluster mean ranged from 19.139cm2 (cluster IX) to 38.650 cm2 (cluster I). Maximum mean for flag leaf area was recorded for cluster I (38.650 cm2). While minimum mean was recorded for cluster IX (19.139 cm2). and the spikelets per panicle, cluster mean ranged from 61.667 (cluster II) to 130.775 (cluster V). Maximum mean for spikelets per panicle was recorded for cluster V (130.775). The maximum mean for spikelets fertility percentage was recorded for cluster V (87.873). the maximum mean for biological yield per plant was recorded for cluster VII (74.363) followed by cluster VI (72.626) and cluster V (67.160). and the Harvest index, cluster mean ranged from 39.916 (cluster VI) to 63.561 (cluster VIII). Maximum mean for Harvest index was recorded for cluster VIII (63.561). While minimum mean was recorded for cluster VI (39.916). and the 1000-grain weight, cluster mean ranged from 20.813 (cluster XI) to 29.183 (cluster II). Maximum mean for 1000-grain weight was recorded for cluster II (29.183) followed by cluster I (26.323) and cluster V (25.313). While minimum mean was recorded for cluster XI (20.813) followed by cluster VIII (21.313). and the Grain yield per plant, cluster mean ranged from 17.502 (cluster IX) to 40.111 (cluster V). Maximum mean for Grain yield per plant was recorded for cluster V (40.111). While minimum mean was recorded for cluster IX (17.502). In this genetic symphony, each cluster and the intricate distances between them paint a vivid portrait of diversity, offering valuable insights into the dynamic genetic Land of the 72 rice genotypes.
Genetic divergence was assessed among 20 rice hybrids with 15 characters from different eco-geographical regions of India using Mahalanobis’ D2 analysis. The pattern of distribution of genotypes from different eco-geographical regions into various clusters was at random indicating that geographical diversity and genetic diversity were not related. (Devi et al. (2019). A also reported the same findings. The present investigation divergence analysis in 77 rice genotypes for twelve characters during Rabi, 2021. Ten clusters were formed the largest with 28 genotypes. The days to 50 % flowering contributed to the maximum divergence. Superior mean performance for grain yield per plant was recorded in cluster IX. The grain yield per plant was found to be positively correlated with the days to 50 % flowering, the total number of tillers, the total number of productive tillers, panicle length, the total grains per panicle, filled grains per panicle and grain yield. The selection should be done for these traits for yield improvement (Jangala, et al. 2022). On the basis of D" values, the 57 genotypes were grouped into five clusters following Tocher's method. The grouping by Tocher's method showed three multi-genotypic and two mono-genotypic clusters along with close resemblance to the two-dimensional representation of entries by first two (Chandra et al. 2007). On the basis of D2statistics, all the genotypes were grouped into nineteen clusters in irrigated condition with cluster I consisting of maximum number of genotypes (24) followed by cluster III (7) and rest of the clusters were represented by single genotype in irrigated condition (Perween et al. 2020). 
Conclusion:  
The study successfully highlighted significant genetic variability among the rice genotypes for key yield-related traits, indicating a strong potential for genetic improvement through selection. The genetic divergence analysis revealed that traits such as panicle length, number of grains per panicle and 1000-grain weight had s positive and significant association with grain yield, suggesting their importance as selection criteria in breeding programs. Additionally, the genetic divergence analysis which can be effectively utilized in hybridization programs to develop high-yielding and genetically diverse rice varieties.




Table 1: Clustering pattern of 72 genotypes on the basis of number-hierarchial eucilidian cluster analysis of 12 characters
	Cluster 
	No. of genotype
	Genotype

	Cluster No. 1
	7
	Fikuna, Bhuzia, Dena, Bamfooll, Sarjoo – 52©, Siwani, Reshma

	Cluster No.2
	6
	Ratna, Sangam, Ladeswar, Lalmunia, Lalkawa, Sathri

	Cluster No.3
	6
	Pankaj, Padma, Muthia, Junna, Lalkuli (Basticul), Kaveri

	Cluster No.4
	6
	Vejai, Kerhani red, kerhen – 1, Alka, Geeta -1, Pahuni prasad

	Cluster No.5
	8
	Ramjuo, Ganga kaveri, Pancham, Shankri, Lalkibhada -1, Chandan red, Surya kushmahe, Kuniya

	Cluster No.6
	7
	Hazardeng, Kesar, Gajendra, Basticul red -1, Basehi, Rajaura, NDR - 2065©

	Cluster No.7
	7
	Usha, Pasaheri, Sahbhagi, Lajkulired – 2, Bersi, Basticul red, MTU - 7029©

	Cluster No.8
	8
	Kasha Prasad, Bharria, Piprauch, Tilura, Bhutka, Saicts, Mutura – 1, Manorma

	Cluster No.9
	9
	Dilaura, Lakrawa – 2, Barahideep, Sahjan, Jamunia, Damini, Chatani – 2, Sonkeharcha, Pachuri

	Cluster No.10
	3
	Sorhi – 1, Lolcelul – 81, Pahia

	Cluster No.11
	8
	Lalkibhada – 2, Sitwa, Radhikamoti, Chakora, Bhagahi, Sikri, Chandari, Dalkacheri
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Fig 1- Plot of Euclidean distance

Table 2: Estimate of average intra and inter-cluster distance for 11 cluster in rice germplasm
	
Clusters
	1Cluster
	2Cluster
	3Cluster
	4Cluster
	5Cluster
	6Cluster
	7Cluster
	8Cluster
	9Cluster
	10Cluster
	11Cluster

	1 Cluster
	3.883
	17.883
	18.986
	21.960
	27.400
	28.343
	16.105
	30.031
	29.907
	30.965
	31.271

	2Cluster
	
	13.366
	15.930
	28.733
	28.702
	27.937
	18.255
	26.664
	24.007
	29.079
	31.040

	3Cluster
	
	
	8.240
	16.824
	21.982
	23.844
	17.209
	14.507
	15.555
	30.813
	19.239

	4Cluster
	
	
	
	15.263
	26.705
	28.325
	22.239
	20.250
	26.528
	36.240
	25.885

	5Cluster
	
	
	
	
	15.951
	31.610
	21.254
	26.241
	33.673
	35.953
	31.395

	6Cluster
	
	
	
	
	
	5.766
	12.516
	31.699
	32.969
	31.887
	25.348

	7Cluster
	
	
	
	
	
	
	5.853
	28.295
	33.366
	32.295
	21.852

	8Cluster
	
	
	
	
	
	
	
	8.995
	13.823
	26.560
	17.643

	9Cluster
	
	
	
	
	
	
	
	
	11.645
	25.271
	27.122

	10Cluster
	
	
	
	
	
	
	
	
	
	27.971
	34.968

	11Cluster
	
	
	
	
	
	
	
	
	
	
	15.497





Table 3: Cluster means for different characters in rice germplasm
	
Characters 
	Days to 50% flowering
	Days to maturity
	Plant height(cm)
	No. of Productive Tillers/plant
	Panicle length (cm)
	Flag leaf area(cm2)
	No. of fertile spikelets / panicle
	Spikelets fertility (%)
	Biological yield /plant(g)
	Harvest Index (%)
	1000-grain weight(g)
	Grain yield/plant(g)

	Cluster 1
	98.143
	119.429
	119.143
	18.887
	22.664
	38.650
	85.633
	61.160
	63.201
	46.926
	26.323
	29.636

	Cluster 2
	99.833
	117.500
	132.233
	11.635
	23.873
	27.508
	61.667
	77.523
	58.578
	52.393
	29.183
	25.920

	Cluster 3
	96.333
	117.000
	105.500
	11.208
	23.175
	21.122
	73.333
	75.365
	50.057
	54.763
	24.640
	28.075

	Cluster 4
	97.000
	119.000
	102.947
	22.255
	23.708
	24.033
	88.167
	78.978
	45.837
	56.983
	21.700
	32.787

	Cluster 5
	99.625
	120.875
	106.250
	10.589
	24.010
	29.359
	130.775
	87.873
	67.160
	58.851
	25.313
	40.111

	Cluster 6
	88.857
	121.143
	128.597
	14.641
	30.980
	22.676
	92.350
	83.914
	72.626
	39.916
	21.843
	28.983

	Cluster 7
	90.714
	112.714
	129.607
	15.013
	26.963
	29.259
	94.706
	79.426
	74.363
	49.341
	24.766
	36.491

	Cluster 8
	97.625
	120.500
	111.221
	11.270
	23.610
	22.467
	104.900
	81.147
	29.125
	63.561
	21.313
	18.341

	Cluster 9
	102.111
	126.333
	117.949
	8.701
	23.397
	19.139
	77.778
	73.017
	32.228
	55.766
	22.392
	17.502

	Cluster 10
	104.000
	127.333
	146.333
	11.783
	23.880
	30.397
	105.000
	86.247
	42.217
	47.090
	22.000
	19.667

	Cluster 11
	87.000
	111.750
	113.375
	10.860
	25.047
	26.872
	106.125
	83.005
	36.588
	53.835
	20.813
	20.873
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