UNRAVELLING GENETIC DIVERSITY OF TRADITIONAL RICE VARIETIES 
BASED ON SEED YIELD AND QUALITY PARAMETERS
ABSTRACT 
The present investigation was carried out using forty-two traditional rice landraces to assess the genetic divergence for eighteen seed yield and seed quality traits. The analysis of variance indicated significant variability for all the traits studied, confirming the presence of a high degree of genetic divergence among the evaluated landraces. Based on D² cluster analysis, the landraces were grouped into six distinct clusters. The maximum intra-cluster distance was observed in Cluster V, indicating greater genetic variability among the landraces within this cluster. The highest inter-cluster distance was recorded between Clusters V and VI, suggesting the widest genetic divergence between them. Landraces grouped under Cluster I exhibited superior seed yield combined with excellent cooking quality. Among the different traits, seed yield per plant, dry matter production, seedling shoot length, seedling root length, kernel elongation after cooking, and kernel length before cooking contributed the most to the total genetic divergence. Based on their divergence and desirable trait performance, three landraces G21 (Rathasalli), G23 (Sigappukavuni), and G42 (Karun Kuruvai) from Cluster II, V and VI were identified as potential parents for future crop improvement programmes.
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INTRODUCTION

“Rice is the stable cereal food grain and consumed more than half of the world population. Genetic diversity is a widespread property of all species in nature. Rice landraces, particularly those in the diversity center's core collections, are important gene repositories. Globally, rice is cultivated on an area of 154 million hectares of area with an annual production of 700 million tonnes. In India, the total area under rice cultivation was 46.38 million hectares with a production of about 130.29 million tonnes and productivity of 2809 kg / hectare. In Tamil Nadu, the area and production of rice were about 2.21 million hectares and 8.07 million tones and productivity of 3658 kg per hectare respectively” (Directorate of Economics and Statistics, 2022). Traditionally, morphological or physiological characters have been used to measure genetic diversity in plants. “Traditional rice varieties are often highly variable in appearance, but they are identifiable morphologically and have a certain genetic integrity. The traditional varieties are valuable as they possess high genetic variability and tolerant biotic, abiotic stresses” (Sathyaraj et al., 2023). Due to continuous cultivation of modern green revolution varieties there is loss of variability in local landraces. Therefore, traditional varieties should be conserved and utilized as parents in hybridization programme to prevent the loss of genetic variability. “Landraces offer a valuable gene pool for future breeding programme. Parental diversity of an optimal magnitude is essential to acquire superior landraces in a segregating population, hence genetic distance is plays a critical role. Genetic diversity is an important tool for a crop improvement programme, as it helps in the development of superior recombinants” (Manonmani and Fazlullah Khan, 2003).
In crop improvement programs, choosing genotypes with favorable donor parents is typically used to increase yield and quality. Selection of parents identified on the basis of D2 analysis would be more promising for a hybridization programme in order to exploit the heterosis and isolate desirable segregants. Keep in the view of above facts, the present study was undertaken to investigate the extent of genetic diversity in 42 traditional rice landraces.
MATERIALS AND METHODS



The experimental material comprised of 42 landraces collected from Nel jayaraman foundation, Thiruthuraipoondi, (Tamil Nadu). The present exploration was carried out during ‘kharif’ season, 2018 – 2019 at Plant Breeding Farm, Department of Genetics and Plant Breeding (11º24´ N latitude, 79º44´ E longitude and+5.79 m MSL), Faculty of Agriculture, Annamalai University. The details of the landraces utilized are presented in (Table 1). 

The experimental soil at 0 −15 cm depth was assessed and field’s soil is a sandy clay loam in nature. The soil texture is 48.23% sand, 23.53% silt and 27.24% clay. The pH of soil 7.1 and electrical conductivity of soil 0.42 ds m-1. The maximum temperature during the cropping period ranges from 350C to 390C with a mean temperature of 310C and the minimum temperature fluctuates between 220C to 24 0C with a mean temperature of 230C. The mean relative humidity ranged from 60 to 77%. During the crop period, 203.2 mm of rainfall was recorded.

The seeds of 42 landraces were sown in raised nursery bed. Twenty-five days old seedlings were transplanted in well puddle field. The spacing of 20 cm between rows and 15 cm between plants. A uniform plant population was maintained as 20 plants in a row. The experiment was setup in a randomized block design with three replications. Recommended package of practices was adopted to raise a healthy crop. Recommended cultural practices were practiced to raise a good crop. 
Five randomly selected plants of each landraces per replication were taken for seed yield and quality traits viz., 100 seed index, seed length, seed breadth, seed length and breadth ratio, length of kernel before cooking, breadth of kernel before cooking, 100 kernel weight before cooking, 100 kernel weight after cooking, length of kernel after cooking, breadth of kernel after cooking, kernel elongation after cooking, water up taking ratio, germination percentage, seedling shoot length, seedling root length, seedling dry matter production, seedling vigor index and seed yield per plant were observed. Five plants from each genotype averaged for each replication and mean data were used for statistical analysis. Genetic diversity was analyzed by Mahalanobis’s (1936) generalized distance (D2) and clustering of landraces was done according to Toucher’s method (Rao, 1952). Average intra and inter cluster distance was calculated as per the standard procedures.

RESULTS AND DISSCUSSION

The crossings between genetically varied parents are likely to cause highly heterotic effects and more variability in segregating generations. The genetic divergence between the genotypes is estimated using the Mahalanobis' D2 statistic. Keeping these things in mind, the outcomes were examined based on the level of genetic variation and divergence predicted in 42 landraces. Eighteen important traits relating to seed yield, seed quality, cooking quality, seed technological parameters and their components were studied.
Analysis of Variance (ANOVA)

The mean value of eighteen traits of the 42 landraces was transformed into standardized uncorrelated D2 values and values were computed. The analysis of variance for individual as well as pooled analysis revealed significant differences among the 42 landraces for all the eighteen traits indicating the existence of high genetic variability among the landraces. Therefore, more investigation is necessary. These findings are consistent with those of Sabesan (2005) and Anbarasu (2017). The variation could be used in distinguishing different landraces.
Cluster Constellation

Cluster analysis based on D2 values 42 traditional rice varieties grouped into six distinct clusters (Table 2). It shows that the landraces have a high degree of genetic diversity in this material evaluated. Clustering constellation revealed that 21 landraces were grouped together into largest cluster I, while another cluster III consisted of 11 landraces; cluster II had 5 landraces and cluster IV having 3 landraces. Cluster V and VI were represented by one entries each. The current study has shown the tendency of landraces from various characters to together in one cluster (I) and scattered distribution of landraces of the same characters in different clusters has been observed in the present study. The studies of several workers confirmed that diversity could be related to improved outcomes (Vijay Kumar (2015); Chamundeswari (2016); Chandramohan et al., (2016); Lakshmi and Surendar (2016); Mamta Kumari et al., (2016).
Cluster distances

Average intra and inter cluster distances were calculated and represented (Table 3).  The maximum intra cluster distance was observed in cluster IV (618.23), followed by cluster II (598.13) while cluster I showed a minimum intra-cluster distance (195.37). Clusters V and VI had zero intra-cluster distances, as they had only one land race each. Cluster IV high intra-cluster distance indicated a high magnitude of genetic variation among the landraces in the cluster. 

Inter cluster distance varied from 1226.31 to 353.32. Maximum inter-cluster distance showed between cluster V and VI (1466.41) followed by clusters II and V (1235.45). Minimum inter cluster distance between cluster I and III (353.32) indicated that the landraces of these clusters were genetically least diverse. To exploit genetic diversity through hybridization programme inter-cluster distance must be taken into consideration. “The genetic diversity of the parents to be included in a hybridization program increases with the distance between two clusters. In a short amount of time, parents who combine greater genetic variation with high yield potential are likely to produce superior segregants. Therefore, landraces of these divergence clusters when crossed to obtain may produce high heterotic hybrids” which were reported by Shanmugam et al., (2023) and Sudeepthi et al., (2020).
Cluster mean performance
Cluster II rank first and recorded highest yield per plant, water up taking ratio, 100 kernel weight, length of the kernel, seed length and breadth ratio and 100 seed index (Table 4).Cluster V recorded minimum seed length, seed breadth, breadth of kernel, kernel elongation after cooking while recorded highest vigor index. “Cluster VI had maximum shoot length of the seedlings, root length and germination percentage whereas 100 kernel weight after cooking and breadth of kernel was exhibited in cluster IV and I. Based on divergence and cluster mean it may be suggested that maximum heterosis and good recombinants could be obtained in crosses between landraces of cluster II, VI and IV in varietal improvement programme. The landraces G21 (Rathasalli), G23 (Sigappukavuni) and G42 (Karun kuruvai) were found superior based on perse values, which belonged to II, VI and IV” as described by earlier workers  Mishra et al. (2019) and  Ashok et al., (2017). 
Character’s contribution

Information on the relative contribution of each depend upon the inter clusters distance in all combination (Table 5). In the present study revealed that seed yield per plant (49.48), followed by seedling dry matter production (21.14), seedling shoot length (9.18), seedling root length (4.76), kernel elongation after cooking (4.77) and length of kernel before cooking (3.83) were the major forces of discrimination among the landraces tested. The selection and choice parents mainly depend upon contribution of characters in manifestation of genetic divergence was exhibited by G21 (Rathasalli), G23 (Sigappukavuni) and G42 (Karun kuruvai). Similar results were founded by Naik et al., (2006), sujata et al., (2021) and muthuramu et al., (2017). 
Conclusion

Present investigation suggests that parental lines selected from Cluster II, V and VI can be used in future hybridization programme. It was observed that the germplasm desirable for different traits belong to different clusters. Therefore, selection of diverse germplasm with desirable traits, and in turn utilizing them in multiple cropping programmes, is expected to be effective in accumulation of favorable genes for bringing together different desirable traits into the common background.
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Table  1. List of traditional rice landraces
	Landraces code
	Name of the landraces
	Landraces code
	Name of the landraces

	G1
	Savithri
	G22
	Karudan sama

	G2
	Kalluntai
	G23
	Sigappukavuni

	G3
	Arupathamkuruvai
	G24
	Siraga samba

	G4
	Mappilai samba
	G25
	Mysore malli

	G5
	Salem samba
	G26
	Raja mudi

	G6
	Bommi
	G27
	Ballkudavalai

	G7
	Guliadichan
	G28
	Boongar

	G8
	Thanga samba
	G29
	Wagai

	G9
	Kullakar
	G30
	Kothamalli samba

	G10
	Thengaipu samba
	G31
	Vadan samba

	G11
	Marathdhonti
	G32
	Manchalponni

	G12
	Karuvachi
	G33
	Kalannamak

	G13
	Kundukar
	G34
	Sornamasuri

	G14
	Kattuyanam
	G35
	Sembuli samba

	G15
	Chinnar
	G36
	Thuyamalli

	G16
	Kichili samba
	G37
	Kaiga samba

	G17
	Kudavalai
	G38
	Walan

	G18
	Karuppukavuni
	G39
	Thulasivasam

	G19
	Mutrinakannam
	G40
	Milagu samba

	G20
	Kandhakala
	G41
	Ottadam

	G21
	Radtha Sali
	G42
	Karun kuruvai


Table  2. Clusters and landraces
	Cluster

No.
	Number of  landraces
	Landraces

	I
	21

21


	G1(Thirupathisaram),G2 (Kalluntai), G3 (Arupathamkuruvai), G4 (Mappillai samba) ,G5 (Salem samba), G6 (Bommi), G7(Guliadichan), G8 (Thanga samba), G9 (Kullakar), G10 (Thengaipu samba), G11(Marathdhonti),G12 (Karuvachi),G13 (Kundukar), G14(Kattuyanam), G15 (Chinnar),G16 (Kichili samba), G17 (Kudavalai), G18 (Karuppukavuni), G20 (Kandhakala), G26 (Raja mudi)

	II
	5
	G21( Radtha sali),G22 (Karudan samba),G23 (Sigappukavuni),

G31 (Vadan samba), G35 (Sempuli samba)

	III
	11
	G24 (Siraga samba),G25 ( Mysore malli), G27 (Ballkudavalai),

G28 (Boongar), G29 (Wagai), G30 (Kothamalli samba), G32 (Manchalponni), G33 (Kalannamak), G34 (Soramasuri), G36 (Thuyamalli), G37 (Kaiga samba)

	IV
	3
	G38 (Walan), G40 ( Milagu samba), G41( Ottadam)

	V
	1
	G39 (Thulasivasam)

	VI
	1
	G42 ( Karun kuruvai)


Table  3. Intra and inter cluster distance between each clusters based on D2 values

	Clusters
	     I
	       II
	       III
	       IV
	       V
	      VI

	I
	195.37

(13.98)
	457.05

(21.38)
	353.32

(18.80)
	587.09

(24.23)
	575.79

(23.99)
	710.20

(26.65)

	II
	
	598.13

(24.46)
	609.65

(24.70)
	641.31

(25.32)
	1235.45

(35.15)
	863.47

(29.39)

	III
	
	
	451.95

(21.26)
	689.54

(26.26)
	658.61

(25.67)
	991.73

(31.50)

	IV
	
	
	
	618.23

(24.86)
	1226.31

(35.02)
	806.47

(28.40)

	V
	
	
	
	
	0.00
	1466.41

(38.29)

	VI
	
	
	
	
	
	0.00


Table 4. Cluster mean values for the studied traits
	Clusters
	SI
	SL
	SB
	LBR
	LK
	BK
	KW
	KWAC
	LKC
	BKC
	KE
	WR
	GMP
	SHL
	RL
	DMP
	VI
	YPP

	I
	2.53
	5.52
	1.41
	3.98
	4.80
	1.30
	2.09
	3.05
	6.46
	3.41
	1.65
	0.68
	73.21
	14.69
	13.37
	0.32
	0.44
	22.06

	II
	2.89
	6.14
	1.58
	4.10
	5.44
	1.37
	2.29
	3.30
	7.36
	3.33
	1.93
	0.70
	63.60
	13.37
	14.80
	0.26
	0.36
	28.02

	III
	2.34
	5.31
	1.48
	3.67
	4.83
	1.49
	1.76
	2.65
	6.84
	3.39
	2.01
	0.66
	80.12
	14.14
	13.78
	0.34
	0.42
	19.82

	IV
	2.94
	5.40
	2.41
	2.23
	4.10
	1.51
	2.25
	3.74
	5.76
	3.56
	1.66
	0.60
	71.78
	12.42
	11.64
	0.24
	0.33
	26.73

	V
	1.70
	3.71
	1.28
	2.89
	3.61
	1.33
	1.36
	2.22
	4.85
	3.30
	1.24
	0.61
	75.00
	9.47
	8.37
	0.37
	0.51
	12.67

	VI
	2.75
	5.54
	1.64
	3.57
	3.83
	1.32
	2.26
	3.59
	5.97
	3.40
	2.14
	0.63
	41.67
	21.37
	23.17
	0.40
	0.11
	20.87


SW -100 Seed index (g), SL - Seed length (mm), SB - Seed breadth (mm), LBR -Seed length and breadth ratio, LK- Length of the                         kernel (mm), BK- Breadth of the kernel (mm), KW- 100 Kernel weight (g), KWAC – 100 Kernel weight after cooking (g), LKC - Length of the kernel after cooking (mm), BKC -Breadth of the kernel after cooking (mm), KE -Kernel elongation after cooking (mm), WR- Water up taking ratio, GMP- Germination percentage, SHL- Shoot length of the seedlings (cm), RL- Root length of the seedling (cm), DMP- Dry matter production (g), VI- Vigour index, YPP- Yield per plant (g).

Table 5. Percentage contribution of each character towards genetics divergence of 42 traditional rice landraces
	Characters
	Contribution (%)
	No of First Rank

	100 Seed index (g)
	0.23
	2.00

	Seed length (mm)
	1.40
	12.00

	Seed breadth (mm)
	0.23
	2.00

	Seed length & breadth ratio
	0
	0

	Length of kernel before cooking (mm)
	3.83
	33.00

	Breadth of kernel before cooking (mm)
	3.02
	26.00

	100 kernel weight before cooking (g)
	0.23
	2.00

	100 kernel weight after cooking (g)
	0.70
	6.00

	Length of the kernel after cooking (mm)
	0.12
	1.00

	Breadth of kernel after cooking (mm)
	0
	0

	Kernel elongation after cooking (mm)
	4.77
	41.00

	Water up taking ratio
	0
	0

	Germination percentage
	0
	0

	Seedling shoot length (cm)
	9.18
	79.00

	Seedling root length (cm)
	4.76
	41.00

	Seedling dry matter production (g)
	21.14
	182.00

	Seedling vigour index
	0.93
	8.00

	Seed yield per plant (g)
	49.48
	426.00

	Total
	100
	861
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