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ABSTRACT 

	Mahalanobis D2 statistic was used to study the genetic diversity between and within the forty genotypes of linseed (Linum usitatissimum L.). at experimental farm department of Genetics and Plant Breeding field at College of Agriculture, Latur (Maharashtra) during Rabi 2023-24 which were sown in RBD Design at 30 cm x 5 cm spacing. The observations were recorded on ten quantitative characters namely days to 50% flowering, days to maturity, plant height (cm), number of branches per plant, number of capsules per plant, number of seeds per capsule, 1000 seed weight (g), harvest index, oil content (%) and seed yield per plant. The data recorded on these characters was utilized for estimation of mean, variability, genetic advance, and genetic diversity by D2 method. Forty genotypes were grouped into four clusters by Tocher’s method. Cluster I was with the highest number of genotypes (27) followed by cluster II (10), clusters IV (02) and clusters III include 1 genotype cluster. The intra cluster distance (D2) range from 10.86 to 12.89, whereas inter cluster distance D2 ranges from 14.70 to 22.36. The maximum inter cluster distance (D2 = 22.36) was observed between cluster I and cluster IV. All the four clusters identified through divergence analysis comprised genotypes of diverse origins, suggesting a lack of parallelism between genetic diversity and geographical distribution. There is considerable potential for achieving improvement through hybridization and selection by making crosses between accessions belonging to different clusters.	Comment by الكاتب: using	Comment by الكاتب: Cluster I had the highest	Comment by الكاتب: cluster	Comment by الكاتب: included	Comment by الكاتب: ranges	Comment by الكاتب: All four clusters 
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1. INTRODUCTION

[bookmark: _GoBack]	Linseed (linum usitatissimum l.) with a chromosome number of 2n = 30, is one of the most significant rabi oilseed crops and belongs to the genus linum, a latin word meaning very beneficial (naik et al., 2020). It is an annual crop from the linaceae family under the order malpighiales, and is commonly referred to as “Alsi.” its probable origin is south west asia, especially India. Linum usitatissimum is the only cultivated species of its genus and has been under cultivation for approximately 6000–7000 years, making it one of the oldest domesticated crops (paul et al., 2020). all parts of the linseed plant are useful, and its oil content ranges between 33% and 45% (jaishri, 2021). It is considered the richest plant-based source of omega-3 (36-57%) and omega-6 (18-24%) fatty acids, which are essential for human nutrition (paul et al., 2020). regular intake of 25 grams of linseed per day has been shown to lower the risk of breast cancer (kaur et al., 2023). Linseed grows best in cool climatic conditions, with ideal temperatures ranging from 10°c to 38°c, making october to november the most suitable sowing period. In Maharashtra, farmers have been cultivating linseed traditionally for generations, often using the same seed stock year after year without adopting scientific methods in most regions. With the increasing adoption of improved linseed varieties, these traditionally grown genotypes are gradually disappearing, despite carrying genetically valuable and diverse traits. One of the main reasons for low productivity is that linseed is often grown under the utera (relay cropping) system, in conditions of limited soil moisture and minimal input usage, leading to poor yields.	Comment by الكاتب: Linaceae	Comment by الكاتب: All	Comment by الكاتب: October to November 
The assessment of genetic diversity is crucial as it provides a foundation for selecting suitable parents in hybridization programs aimed at crop improvement. Genotypes that are more genetically diverse, yet meet essential criteria of adaptability and performance, are more likely to exhibit greater hybrid vigor and produce a broad range of variability in the segregating generations. The Mahalanobis D² statistic, developed through multivariate analysis of quantitative traits, offers a powerful method for evaluating genetic divergence among genotype groups and identifying ideal parents for crossing in both self-pollinated and outbreeding crops. 
2. material and methods

	The experiment was conducted during rabi 2023-24 at experimental farm department of Genetics and Plant Breeding, College of Agriculture, Latur (VNMKV Parbhani) sown in Randomized Block Design with two replications at a spacing of 30 x 5 cm. The experiment material comprised of 40 lines of linseed collected from Oilseeds Research Station (ORS), Latur. The analysis of genetic divergence was carried out by using Mahalanobis D2 statistics. The grouping of the genotypes into clusters was made as per Tocher's method. Five randomly competitive plants were taken from each environment for recording the data for all the traits viz. days to 50% flowering, days to maturity, plant height, number of capsules per plant, number of seeds per capsule, 1000 seed weight (g), harvest index, oil content and seed yield per plant.	Comment by الكاتب: Please include the initial soil properties, the methods used to measure each property, and the statistical test used to compare the means.	Comment by الكاتب: a Randomized 

3. results and discussion

	The variation among genotypes were highly significant for day to 50 % flowering, days to maturity, plant height (cm), number of branches per plant, number of capsules per plant, number of seeds per capsule, 1000 seed weight (g), harvest index (%), oil content (%) and seed yield per plant (g). Analysis of variance for these ten quantitative characters as presented in Table 1. The results revealed that mean sum of squares of genotypes were significant for all the characters under study, which indicated the existence of adequate amount of variability among the genotypes as given in Table 1, similar results were reported by Tadasse et al. (2010), Mirza et al. (2011) and Ankit et al. (2019).
 	The estimates of heritability, genetic advance and genetic advance as percent mean is given in Table 3, in which maximum heritability was observed for days to 50 % flowering (98.3%), harvest index and 1000 seed weight. The estimates of genetic advance ranged from 0.54 per-cent to 18.97 per-cent at (5%) level of significance with the highest estimates in case of number of capsules per plant (18.97 %). The estimates of genetic advance as per cent of mean ranged from 5.82 per-cent to 36.42 per cent at 5 (%) level of significance with the highest estimates in case of harvest index (36.42 %). In this study, high heritability and genetic advance as per centage of the mean (>20) were recorded for number of branches per plant, harvest index (%) and Seed yield per plant (g). Similar findings were reported by Akbar et al. (2003), Choudhary et al. (2017), Meena et al. (2020), Terfa et al. (2020), Thakur et al. (2020), Triveni et al. (2024) and Korra et al. (2024).
	The average intra and inter cluster D2 values are presented Table 4. The intra cluster distance (D2) range from 10.86 to 12.89, whereas inter cluster distance D2 ranges from 14.70 to 22.36. Maximum inter cluster distance (D2 = 22.36) was observed between cluster I and cluster IV, followed by cluster II and III (D2 =22.31), cluster III and cluster IV (D2 = 22.30). The minimum inter cluster distance (D2 = 14.70) was between clusters I and II. Indicating that the genotypes falling in the clusters I and IV were highly divergent from each other implying a large amount of diversity within and between groups, which could be exploited in breeding programme. The minimum inter cluster distance (D2 = 14.70) was between clusters I and II indicating that this cluster is less divergent. The cluster means for the ten characters are presented in Table 4. Similar result was found in Sahu et al. (2016), Sharma et al. (2017), Kumar et al. (2018), Patial et al. (2019), Samantara et al. (2020), Tewari et al. (2020) and Thakur et al. (2021).	Comment by الكاتب: in Table 	Comment by الكاتب: ranges	Comment by الكاتب: inter-cluster 	Comment by الكاتب: a breeding 
	A considerable inter-cluster variation was observed among the cluster means for the characters presented in Table 3. studied viz., days to 50 per-cent flowering, days to maturity, plant height, branches per plant, number of capsules per plant, seeds per capsule, 1000 seed weight (g), harvest index (%), oil content (%) and seed yield per plant. The cluster mean for days to 50 per cent flowering varied from 37.50 (IV) to 53.40 (II), the cluster mean for days to maturity ranged between 95.50 (III) to 99.39 (I), the cluster mean for plant height was from 50.15 (IV) to 63.15 (II), the cluster mean for branches per plant ranged from 2.90 (III) to 4.03 (IV), the cluster mean for capsules per plant varied from 48.20 (III) to 66.80 (II), the cluster mean for seeds per capsule varied from 7.30 (III) to 8.45 (IV), the cluster mean for 1000 seed weight (g) ranged from 6.10 (III) to 9.32 (IV), the cluster mean for harvest index (%) ranged from 18.25 (III) to 30.26 (IV), the cluster mean for oil content ranged from 31.47 (III) to 35.98 (IV) and the cluster mean for yield per plant ranged from 3.60 (III) to 5.10 (IV). The results indicate that the harvest index contributed the most (26.28%) to genetic divergence among the forty linseed genotypes. traits like days to 50% flowering (14.87%), 1000 seed weight (14.49%), and number of capsules per plant (13.46%) also played major roles in divergence. However, traits such as seed yield per plant (0.26%) and number of seeds per capsule (0.13%) had low impact. These findings suggest that traits with higher contributions should be prioritized in selection and hybridization programs to maximize genetic improvement. This result is in accordance with the findings of Kasana et al. (2018) and Rizvi et al. (2018).	Comment by الكاتب: a low 

4. Conclusion

	The variability among genotypes was highly significant for all the characters. Heritability estimates were highest for days to 50 per cent flowering, followed by harvest index (%). In terms of genetic advance as percentage of mean, the highest value was recorded for harvest index (%), followed by the number of branches per plant. The cluster mean values revealed marked differences across clusters for each character. Notable inter-cluster variability was observed for traits such as days to 50 per cent flowering, days to maturity, plant height, number of branches per plant, number of capsules per plant, seeds per capsule, 1000 seed weight, harvest index, oil content, and seed yield per plant. Therefore, genotypes chosen for hybridization should ideally be selected from clusters that exhibit the greatest genetic distance.	Comment by الكاتب: a percentage 
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Table 1. Analysis of variance for ten quantitative characters in linseed.
*and ** indicates significance at 5% and 1% respectively.

	
Sr. No
	CHARACTERS
	Mean sum of squares

	
	
	Replications (df=1)
	Treatments (df=39)
	Error (39)

	1
	Days to 50% flowering
	2.11
	7.67**
	1.30

	2
	Days to maturity
	2.45
	22.69**
	3.7

	3
	Plant height (cm)
	11.40
	51.07**
	5.48

	4
	Number of branches per plant
	0.098
	0.79**
	0.04

	5
	Number of capsules per plant
	0.01
	185**
	7.8

	6
	Number of seeds per capsule
	0.42
	0.44**
	0.19

	7
	1000 seed weight (g)
	0.032
	1.81**
	0.14

	8
	Harvest index (%)
	0.05
	40.65**
	1.28

	9
	Oil content (%)
	0.63
	8.12**
	0.59

	10
	Seed yield per plant (g)
	0.032
	0.69**
	0.12


	Sr. No
	Characters
	Mean
	Range
	PCV (%)	Comment by الكاتب: Please add the full term for the abbreviations below the table.
	GCV (%)
	Heritability (h2) (%)
	Genetic Advance as
% of mean

	
	
	
	Min
	Max
	
	
	
	

	1
	Days to 50% flowering
	51.52
	37
	58
	8.90
	8.75
	96.8
	17.74

	2
	Days to maturity
	99.02
	91
	105
	3.40
	3.11
	83.7
	5.86

	3
	Plant height (cm)
	62.14
	37
	79.8
	12.48
	12.18
	95.3
	24.50

	4
	Number of branches per plant
	3.48
	2
	5
	18.03
	17.54
	94.6
	35.15

	5
	Number of capsules per plant
	54.85
	19.8
	76
	17.53
	17.15
	95.7
	34.58

	6
	Number of seeds per capsule
	7.84
	6.2
	8.8
	6.01
	4.50
	56.2
	6.96

	7
	1000 seed weight (g)
	7.73
	6
	10
	12.55
	12.32
	96.3
	24.90

	8
	Harvest index (%)
	24.68
	18
	32.12
	18.26
	17.96
	96.8
	36.42

	9
	Oil content (%)
	33.72
	30.24
	37.9
	5.97
	5.75
	92.7
	11.40

	10
	Seed yield per plant (g)
	4.39
	2.6
	5.8
	13.39
	12.08
	81.4
	22.45


	

GCV = Genotypic coefficient of variation, PCV = Phenotypic coefficient of variation



Table 2. Estimates of variability parameters for ten characters for yield and yield contributing 
              characters in linseed.
     
                  


Table 3. Cluster mean among four clusters for ten characters for forty genotypes
                 of Linseed.





	Traits
	Cluster I
	Cluster II
	Cluster III
	Cluster IV

	Days to 50% flowering
	52.33
	53.40
	39.00
	37.50

	Days to maturity
	99.39
	98.75
	95.50
	97.25

	Plant height (cm)
	62.80
	63.15
	58.30
	50.15

	No. of branches plants
	3.30
	3.95
	2.90
	4.03

	Number of capsules per plant
	50.79
	66.8
	48.20
	53.35

	Number of seeds per capsule
	7.66
	8.30
	7.30
	8.45

	1000 seed weight (gm)
	7.55
	8.09
	6.10
	9.32

	Harvest index (%)
	22.61
	29.84
	18.25
	30.26

	Oil content (%)
	33.07
	35.28
	31.47
	35.98

	Seed yield per plant (gm)
	4.2
	4.85
	3.60
	5.10



 Table 4. Intra and Inter cluster distances (D) among four clusters for forty Linseed 
               genotypes.
  
                    



	Cluster
	Cluster I
	Cluster II
	Cluster III
	Cluster IV

	Cluster I
	11.16
	14.70
	17.31
	22.36

	Cluster II
	
	10.86
	22.31
	19.02

	Cluster III
	
	
	0.00
	22.30

	Cluster IV
	
	
	
	12.89























Figure 1. Bar graph representing genotypic and phenotypic coefficient of variation in linseed.


[image: ]Figure 2. Bar graph representing heritability and genetics advance as % of mean for all characters of linseed.
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