


Dissection of Genetic diversity in local collections of  Cucumis melo   and Cucumis sativus germplasm for growth and yield traits


Abstract
One hundred and fifty cucumis species genotypes were collected from different states of India of which 116 were Cucumis melo and 36 were Cucumis sativus types and were evaluated for yield and qualitytraits at College of Horticulture, Bagalkot during Kharif season of 2019.The genetic diversity of 150 cucumber genotypes was evaluated in a Augmented Block design to assess the extent of diversity within and between the cucumis species. Mahalanobis D2 statistic revealed wide diversity among the melo and sativus species. Eight clusters were formed and this clustering based on eighteen quantitative traits and  interactions in genetic distances. Among the 8 clusters, the Cluster I was the largest and composed of 66 collections, followed by cluster II with 34 collections and least number of genotypes in clusters VIII with 3 genotypes indicating that large amount of diversity. The highest intra cluster distance was observed in cluster VII (D2=10537.96) and lowest was observed in cluster I (D2=3807.4) and in cluster VII (D2=0.000) indicating the presence of solitary clusters. The highest inter-cluster distance was observed between for cluster VII and cluster V (D2=89964.23) and lowest was reported in cluster IV and Cluster I with a D2value of 8248.25. Maximum contribution towards genetic divergence was from number of fruits per plant (12.2%) Lowest contribution reported by number of nodes per vine (1.0%).Genotypes from different geographic regions were grouped in random fashion, suggesting that there was no correlation between geographic distribution and genetic diversity. D2 statistics revealed the presence of substantial genetic diversity within the melo compared to sativus types.
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1.INTRODUCTION

Cucurbits belong to the family cucurbitacea and the genus Cucumis. with two commercially cultivated speciesCucumis melo L. (C.melo)(2n=24) and Cucumis sativus (C. sativus) ( 2n=14) both are widely distributed in India, and, most of these have originated from India. Melo is having botanical groups viz; agrestis, acidulous cantalupensis, chandalak, ameri, indorus, flexosus, chito, etc. all these botanical groups  are highly diverse with respect to fruit morphology such as fruit size, shape, colour and quality traits such as moisture content, beta carotene and other minerals).C. sativus is having two sub sps C. sativus var. sativus and C. sativus var. hardwickii. C. sativusvar. hardwickii(2n = 14) is a wild, sympatric botanical variety of C. sativusvar. sativus, which grows in the foothills of Himalayas mountains.(Ahirwar& Singh 2018). It is the third most important vegetable crop among the cucurbits and ranks fourth in the global vegetable production, (FAOSTAT, 2017).  
India being the primary centre of origin of both sativus and melo types, lot of variability is available which is observed in terms of yield and quality parameters in the local collections. Most of the Indian collections are melo types. Compared to melo types very less amount of diversity is present in sativus types. Both the species have gained its importance due to its utility and nutritional parameters. Most of the commercially grown local cultivars are melons and are open pollinated varieties resulted in high amount of diversity in the base population. This is due to the cross pollination nature of the cucumbers. In Karnataka most of the local cultivars of Cucumis melo are confused with Cucumis sativus types as lot of diversity is available in melons. Both the types are high yielding and have various desirable fruit quality traits. Fruit morphology is the key trait in the improvement of quality traits.  High amount of diversity is available in melo types with respect to fruit economic traits such as fruit length, colour, texture, shape, stripes, moisture content, taste etc. Apart from this these local cultivars are tolerant to both biotic and abiotic factors.  Most of studies are reported in commercial cultivars, very few studies are reported in diverse botanical groups of melons. In Karnataka botanical groups of melons have not been exploited in crop improvement programme despite having several desirable traits. High amount of variability is also available with respect to morphological traits such as fruit size, length, width, presence of stripes & spines on the fruit surface and even the skin texture. These local cultivars of melons were not exploited in the previous studies henceforth to study the extent of diversity in these local germplasm of melo along with sativus types were considered for   diversity study. Extent of variability is the basic material for any crop improvement programme. Therefore, understanding the nature and extent of the genetic variability is essential for effective selection of desirable traits. The assessment of genetic diversity and structure of base collections is a prerequisite for conservation and their utilization for future crop improvement programmes.

2. METHODOLOGY
2.1 Experiment layout
The investigation was conducted in College of Horticulture, Haveli farm with black soil,average rainfall of 200mm , average temperature was 27.4 0C in the month of June, during Kharif 2019. Sum of 150  collections including C.melo & C.sativus types were evaluated for growth yield & quality traits. Characterization of collections was done based on morphological features and evaluated for economic traits.The experimental site was divided into 7 blocks with 3 check varieties (1 local cultivars +2 IARI released varieties). Checks were replicated and randomized in each block. 147 collections were divided into 7 blocks. For phenotyping five random competitive plants per treatment are selected, tagged and observations are recorded from these plants for different characters. Fertilizers & plant protection measures were taken as per the recommended package of practice. Eighteen quantitative traits Vine length at 30 days,days to fifty percent flowering ,  days to first female flowering , days to first fruit set, node number at which first female flower appears , number of flowers male, number of flowers female , number of nodes per vine, internode length , number of branches per vine, vine length at harvest stage,number of fruits per plant, individual fruit weight , fruit length , fruit diameter, seed cavity , and fruit yield per plant were recorded  based on 5 randomly selected plants per genotype..  
2.2 Statistical analysis
Mahalanobis D2 (1936) statistics were used in Windostat 9.30 to calculate genetic divergence (D2) and a dendrogram, The genetic divergence between genotypes was estimated using Mahalanobis’s D2 statistic (1936).All the genotypes used were clustered into different groups based on the genetic distance following Tocher’s method (Rao, 1952). The average intra-cluster and inter cluster distances, average inter-cluster distance and the character contribution towards genetic divergence were calculated by the formula given by Singh and Chaudhary (1977).

3.RESULTS AND DISCUSSION 
3.1 Analysis of variance
	The phenotypic data was recorded on growth, yield and quality traits for two years under during Kharif 2019. Further the recorded data were subjected to analysis of variance (ANOVA) which provides phenotypic variance of the population, by using augmented RCBD package in R software studio (version 3.5.2) to understand the phenotypic response of 150 entries including (147 collections and three checks).The analysis of variance was conducted to test the significant differences among the genotypes and the checks. Values of replication mean sum of squares, treatment sum of squares, error sum of squares and critical difference values at both 5 per cent and 1 per cent were presented in Table 1. 
The mean sums of squares for all the 18 quantitative traits were presented in Table 1. The ANOVA revealed that, mean sum of square (MSS) due to genotypes were significant (p<0.01 and p<0.05) for almost all the traits under investigation during Kharif 2019 viz.,Vine length at 30 days (382.42*,), days to fifty percent flowering (24.7**, ),  days to first female flowering (16.25**), days to first fruit set  (17.43**), node number at which first female flower appears (3.0**), number of flowers male  (125.35**), number of flowers female  (3.96*,), number of nodes per vine  (49.1*), internode length (2.23*), number of branches per vine (1.02**) vine length at harvest stage (3197.46**),number of fruits per plant ( 3.68**), individual fruit weight (3910.31**), fruit length ( 15.62**), fruit diameter ( 0.6**), seed cavity (0.23**) and fruit yield per plant ( 0.14**) t indicates the presence of significant differences for the above traits in the collections . The results from analysis of variance revealed significant differences among 150 collections except sex ratio in Kharif 2019. Significant differences were also observed among the three check varieties except node number of first female flower, number of flowers male, number of female flowers, number of nodes per vine and sex ratio. Significant differences were also reported in comparison of treatment &checks except sex ratio.Critical differences between the treatments reported for all the traits confirmsthe variation in the existing collections. This specifies the magnitude of variability existed among the collections for the characters studied and also indicates that extensive scope for improvement among the local types. However, only the analysis of variance is not enough and certain to explain all the inherent genotypic variances in the genotype. One of the ways to assess the variability in these characters is through a simple approach of examining range of variation through diversity analysis..

3.2 Genetic divergence
The cucumber genotypes under study were evaluated for 18 quantitative traits and the data obtained was subjected to D2 statistics to assess the genetic divergence. For all the traits assessed, the variance analysis revealed highly significant differences among the ecotypes, suggesting the presence of broad genetic divergence between them. Genetic diversity data has also been used to classify potential different genotypes that can be further used in breeding programmes. (Kumawat et al., 2020). Diversity studies helps to the extent of diversity available and to identify the genetically diverse genotype for their use in breeding programme. Several methods are available to assess the diversity , out of which Mahalonobis D2 statistics (1936) described by (Rao 1952) is considered as unique tool for discriminating population considering various phenotypic traits parameters.
   Cluster composition
	The 150 genotypes under investigation were grouped into 8 clusters represented in the form of Dendrogram (Fig1). Germplasm were grouped into 8 clusters based on D2 value. Among the 8 clusters, the Cluster I was the largest and composed of 66 collections, followed by cluster II with 34 collections and least number of genotypes in clusters VIII with 3 genotypes indicating that large amount of diversity available, which can be exploited for breeding programme (Table 2). 
Genotypes from various geographical collection regions had been categorized into the same clusters, indicating that there is no association between geographical distribution and genetic divergence. The grouping was of genotypes did not cluster according to geographical distributions. Similar to the previous reports of Hasan et al., (2015). Melo types have been grouped into 4 different clusters, while sativus types further divided into two clusters and in some clusters melo and sativus types are grouped in same cluster. It confirms the presence of broad genetic base in these melo collections. Similar findings were reported by Kumar et al. (2013). Most of the melo and sativus types are having similar fruit traits which resulted in combining of sativus and melo types into same cluster). Clustering pattern indicated that there was no association between geographical distribution of accessions and genetic divergence (Mathew et al., (2001). Similar findings were reported by Kumar et al. (2013) Venugopal Reddy et al. 2021 and  Prajapati et al. 2023
Intra – Inter cluster D2 value
The intra-inter cluster D2 values among the 150 cucumber collections of both the seasons were reported in table no 3. The results showed that intercluster distances are more than the intra cluster distances indicating the presence of narrow genetic base within clusters and broad genetic base between the clusters. The highest intra cluster distance was observed in cluster VII (D2=10537.96) and lowest was observed in cluster I (D2=3807.4) and lowest was observed in cluster VII (D2=0.000) indicating the presence of solitary clusters. Similar results were found by Suma et al. (2021); Kumar et al. (2013) and Hasan et al. (2015) in cucumber and Indraja et al. (2022). Highest intra cluster diversity depicts genotypes in the group are highly divergent compared to other clusters. Similar results were found by Kumar et al. (2013). Similar results were found by Kumar et al. (2013) in cucumber.
The highest inter-cluster distance was observed between for cluster VII and cluster V (D2=89964.23) and lowest was reported in cluster IV and Cluster I with a D2 value of 8248.25. Highest inter cluster distance depicts genotypes in the group are highly divergent compared to other clusters. Similar results were found by Kumar et al. (2013) in cucumber. According to Rao et al., (2003) minimum inter cluster distance showed less degree of divergence between ecotypes.
Analysis of cluster means
 The cluster means for all the 18 quantitative traits are presented in table 4. Considerable differences were observed for all the traits among the clusters. It was evident that highest cluster mean was recorded for vine length in cluster VI (84.60 cm), and lowest cluster mean in VII (47.55 cm) , highest mean for days to fifty percent flowering in  cluster VIII (44.67), and lowest mean in cluster III (33.54)  highest mean for days to first female flower appearance observed in cluster 1(42.78)) and lowest mean in cluster III (40.23) , highest mean for days to first fruit set in cluster VIII (50.33) and lowest reported in cluster V (46.33) node number of first female flower reported highest mean in cluster VIII (8.67) and lowest in cluster VI (4.34),number of flowers male reported highest mean in cluster VI (56.92) and lowest mean reported in cluster VII (43.50 number of female flowers reported highest mean of 7.93 in cluster VIII and lowest in cluster VI (5.52), Sex ratio highest recorded in cluster VI (9.88) and lowest reported in cluster VII (5.92), number of nodes per vine with highest mean in cluster VIII (46.67) and lowest in cluster IV (24.92), internode length with highest mean in cluster VIII (9.33) and lowest cluster mean in IV (5.36 ) number of branches per vine with highest cluster mean in VIII (5.33) and lowest mean in cluster III (2.66)  vine length at harvest highest mean in cluster VI (398.7) and lowest in cluster IV (108.8), number of fruits per plant with highest mean in cluster VI (8.4)) and lowest in cluster III (5.23)), individual fruit weight highest mean in cluster VII (397.50) and lowest in cluster IV (114.50), fruit length recorded highest mean in cluster VI (22.23) and lowest in cluster IV (16.29), fruit diameter with highest mean  in cluster VII (5.03) and lowest in cluster IV (16.29), Seed cavity highest mean reported in cluster VII (3.05) and lowest mean in cluster VI (2.04) 0) and fruit yield per plant with highest mean reported in cluster  VII (2.47 kg) and lowest mean reported in cluster IV ( 0.89 kg) 
         In the view of these cluster means indicate that it is advisable to pick the genotypes for the breeding programme according to the objective of keeping these clusters registered in the array. For exploitation of heterosis diverse parents of different clusters have to be selected In addition, it is clear those genetically diverse, parents with high cluster distance produces desirable segregants from Hanchinamani et al. (2011), Kumar et al. (2019). Previous studies by Aiharwar et al, 2017, Shweta et al. 2018 and Usharani et al. 2025 have highlighted the importance of genetic diversity studies in cucumbers.
                       The genotypes from different sources were grouped into same cluster indicating that geographical diversity does not correlate with the genetic diversity (Prajapati et al. 2023). Distribution of genotypes into clusters is independent of its origin and species. Among the melo and sativus types, there is no separate distribution pattern. Some clusters are mixtures of both sativus and a melo type which indicates that most the quantitative traits are similar in both the species and most of the alleles are common in both the species due to gene flow during evolution of species. Germplasm also consisted of released varieties and commercial cultivars as check varieties. All checks are distributed to three different clusters indicating wide diversity among these checks also. Solitary cluster formation indicated the genotype (UHS CS 3) is highly diverse in nature and could be utilized in future breeding program. For the hybridization program diverse clusters for number of fruits per plant and fruit yield per plant with high D2 values can be used to the diverse parents selection for the development of hybrids. Ahirwar et al. (2017), Shewta et al. (2018) and Kumar et al. (2019),Prajapati et al. (2023) have highlighted the significance of cucumbers genetic diversity
Relative contribution of different characters towards divergence
The genetic divergence among the genotypes which divided them into different clusters was mainly because of the relative contribution of different characters towards the diversity. Among the 18 quantitative traits studied, all traits contributed to genetic divergence. Maximum contribution towards genetic divergence was from vine length at harvest stage (15 %) followed by number of fruits per plant (12.2%) and fruit yield per plant (7%) (Table 5).  Similar results reported by Amrita Kumari and Singh 2019, while Prajapati et al. 2023 reported maximum contribution by fruit yield per plant. This was followed by number of fruits per plant (12.2%).  Lowest contribution reported by number of nodes per vine (1.0% )(Fig 2). The relative contribution of the other traits is as follows individual fruit weight (9.0%) fruit length (5.5%), fruit diameter (8.0 % number of branches per vine ( 7.0 %) sex ratio SR of (6.5 %). Similar results reported by Doddamani et al., (2018). Among all the productivity traits referred, pulp thickness, fruit diameter, fruit length and average fruit weight contributed greatly towards divergence.
These traits, which contribute for maximum genetic divergence, can be used to further optimise phenotypic selection (Punith et al., 2012). Considerable contribution towards divergence was observed for the relative contribution of the other traits is as follows average vine length at harvest stage, number of branches per vine, individual fruit weight, followed by fruit diameter, number of female flowers, fruit yield per vine.  Similar results reported by Hasan et al. (2015) and these results had been in partial agreement with  Hanchinamani et al., (2011), Kumawat et al. (2020) reported maximum contribution by fruit length, fruit diameter, individual fruit weight, fruit yield per plant. 

4. CONCLUSION
Mahalanobis D2 analysis revealed the presence of wide diversity in melons compared to sativus types for yield and fruit traits. 150 genotypes of cucumber were grouped into 8 distinct clusters based on on 18 quantitative traits. Maximum contribution towards genetic divergence was from number of fruits per plant.  Distribution of genotypes into clusters is independent of   its origin and species. Among the melo and sativus types, there is no separate distribution pattern. Some clusters were mixtures of both sativus and a melo type representing similarity for most of the phenotypic traits between melo and sativus species. Genetic diversity data has also been used to classify potential diverse genotypes that can be further used in breeding programmes to exploit heterosis in future hybrid developmental programmes.
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Table 1.  Analysis of variance for 18 quantitative traits among 150 Cucumber collections  

	Source
	Df
	VL
	DFF
	DFFF
	DFFS
	NNFFF
	NFM
	NFF
	SR
	NNPV

	Block (Ignoring Treatments)
	6
	1808.9 ** 
	91.35 ** 
	32.58 ** 
	49.4 ** 
	3.86 ** 
	92.21 *  
	2.02 ns 
	3.02 ns 
	207.18 ** 

	Treatment (eliminating Blocks)
	149
	382.42 *  
	24.7 ** 
	16.25 ** 
	17.43 ** 
	3 ** 
	125.35 ** 
	3.96 *  
	4.52 ns 
	49.1 *  

	Treatment: Check
	2
	3525.86 ** 
	27.48 ** 
	35.76 ** 
	83.76 ** 
	0.01 ns 
	4.33 ns 
	1.29 ns 
	3.97 ns 
	6.33 ns 

	Treatment: Test and Test vs. Check
	147
	339.65 *  
	24.66 ** 
	15.98 ** 
	16.53 ** 
	3.05 ** 
	127 ** 
	4 *  
	4.52 ns 
	49.68 *  

	Residuals
	12
	112.08
	3.92
	3.1
	3.71
	0.6
	26.93
	1.17
	3.38
	16.33

	Treatment (ignoring Blocks)
	149
	443.22 ** 
	27.31 ** 
	16.88 ** 
	18.87 ** 
	3.15 ** 
	127.54 ** 
	4.03 ** 
	4.56 ns 
	56.67 ** 

	Treatment: Check
	2
	3525.86 ** 
	27.48 ** 
	35.76 ** 
	83.76 ** 
	0.01 ns 
	4.33 ns 
	1.29 ns 
	3.97 ns 
	6.33 ns 

	Treatment: Test vs. Check
	1
	19159.15 ** 
	31.02 *  
	25.74 *  
	11.25 ns 
	1.5e-05 ns 
	488.96 ** 
	10.51 *  
	0.07 ns 
	283.1 ** 

	Treatment: Test
	146
	272.8 *  
	27.28 ** 
	16.56 ** 
	18.03 ** 
	3.22 ** 
	126.76 ** 
	4.03 *  
	4.59 ns 
	55.8 *  

	Block (eliminating Treatments)
	6
	298.94 ns 
	26.63 ** 
	16.86 ** 
	13.78 *  
	0.19 ns 
	37.76 ns 
	0.32 ns 
	2.03 ns 
	19.33 ns 

	Residuals
	12
	112.08
	3.92
	3.1
	3.71
	0.6
	26.93
	1.17
	3.38
	16.33



	ns P > 0.05; * P <= 0.05; ** P <= 0.01
	
	



Table 1. continued…

	Source
	Df
	IL
	NBPV
	VLHS
	NFPP
	IFW
	FL
	FD
	SC
	FYPP

	Block (Ignoring Treatments)
	6
	2.71 *  
	9.41 ** 
	10725.29 ** 
	27.78 ** 
	35900.93 ** 
	39.27 ** 
	2.44 ** 
	0.33 ** 
	0.42 ** 

	Treatment (eliminating Blocks)
	149
	2.23 *  
	1.02 ** 
	3197.46 ** 
	3.68 ** 
	3910.31 ** 
	15.62 ** 
	0.6 ** 
	0.23 ** 
	0.14 ** 

	Treatment: Check
	2
	1.39 ns 
	4.34 ** 
	1496.71 ns 
	3 *  
	45949.48 ** 
	9.9 ** 
	3.04 ** 
	0.16 ns 
	0.94 ** 

	Treatment: Test and Test vs. Check
	147
	2.24 *  
	0.98 ** 
	3220.6 ** 
	3.69 ** 
	3338.35 ** 
	15.7 ** 
	0.57 ** 
	0.23 ** 
	0.13 ** 

	Residuals
	12
	0.78
	0.25
	386.71
	0.44
	416.7
	0.63
	0.12
	0.05
	0.03

	Treatment (ignoring Blocks)
	149
	2.27 *  
	1.39 ** 
	3621.68 ** 
	4.72 ** 
	5323.26 ** 
	17.18 ** 
	0.7 ** 
	0.24 ** 
	0.16 ** 

	Treatment: Check
	2
	1.39 ns 
	4.34 ** 
	1496.71 ns 
	3 *  
	45949.48 ** 
	9.9 ** 
	3.04 ** 
	0.16 ns 
	0.94 ** 

	Treatment: Test vs. Check
	1
	0.02 ns 
	24.84 ** 
	53.15 ns 
	1.57 ns 
	19255.34 ** 
	31.94 ** 
	2.86 ** 
	0.15 ns 
	0.21 *  

	Treatment: Test
	146
	2.3 *  
	1.19 ** 
	3675.23 ** 
	4.76 ** 
	4671.31 ** 
	17.18 ** 
	0.65 ** 
	0.24 ** 
	0.15 ** 

	Block (eliminating Treatments)
	6
	1.66 ns 
	0.19 ns 
	190.52 ns 
	1.87 *  
	812.65 ns 
	0.65 ns 
	0.1 ns 
	0.16 *  
	0.06 ns 

	Residuals
	12
	0.78
	0.25
	386.71
	0.44
	416.7
	0.63
	0.12
	0.05
	0.03



	ns P > 0.05; * P <= 0.05; ** P <= 0.01
	
	



       Table 2. Clustering pattern of 150  Cucumber genotypes by Mahalanobis on D2   analysis during Kharif-2019 based on 18 quantitative traits  
	S. No.
	Cluster No.
	No of genotypes
	Details of Genotypes

	1
	I
	66
	UHS CS 41-3, UHSCS 39-5, , UHS CS 15-3, UHS CS 19-2, UHS CS83-3, UHS CS 87-2, UHS CS 3, UHS CS 50-1, , UHS CS 14-1, , UHS CS 18-3, UHS CS 81-5, UHS CS 21-3, UHS CS 111, UHS CS 15-5, UHS CS 106, CHECK 1, , UHS CS 16-5, UHS CS 46-2, UHS CS 35-1, , UHS CS 28-3, UHS CS 13-1, UHS CS 35-3, UHS CS 35-2, , UHS CS 44-2, UHS CS 78-4, UHS CS 85-2, UHS CS 16-2, , UHS CS 12-1, UHS CS 12-2, UHS CS 83, , UHS CS 18-1, UHS CS 41-4, UHS CS 40-1, UHS CS 27, UHS CS 21-2, UHS CS 104, UHS CS 9-2, , UHS CS 57-4, UHS CS 77, UHS CS 46-3, UHS CS131, -, UHS CS 43-2, UHS CS 11-3, UHS CS 90, UHS CS 19-1, UHS CS 28-2, UHS CS 79-2, UHS CS 48-4, UHS CS 2, UHS CS 68-3 , UHS CS 85-3 UHSC  47-1 UHS CS 9-1 UHS CS 6-5 UHS CS 19-4 UHS CS 82-1 UHS CS 18-2 UHS CS 24, UHSCS 64-1, UHS CS 51-4, UHS CS 84-1 , UHS CS 34-1 UHS CS 11-4, UHSCS 65-2, UHS CS 43-3

	2
	II
	34
	UHSCS 81-2, UHS CS 36-1, UHS CS 48-5, UHS CS 86-3, UHS CS 8-5, UHS CS 66-2, UHS CS 61-1, UHS CS 77-3, UHS CS 83-4, UHS CS 79, UHS CS 86-3, UHS CS 6-4, UHS CS 43-2, UHS CS 81-1, UHS CS 52-3, UHS CS 107, UHS CS 53-5, UHS CS 89-5, UHS CS 121, UHS CS 8-1, UHS CS 77, UHS CS 69-1, UHS CS 33, UHS CS 18-6, UHS CS 49-1, UHS CS 85-1, UHS CS 125, UHS CS 70-2, UHS CS 119, UHS CS 40-3, UHS CS 39-2, SWARNA SHEETAL, UHS CS 39-2, UHS CS 113

	3
	III
	13
	UHS CS 114, UHS CS 121, UHS CS 129,UHS CS 127, UHS CS 126, UHS CS 51-1, , UHS CS 139, UHS CS 40-4 , UHS CS 118, UHS CS 68-3, UHS CS 120, PUSA BARKHA, UHS CS 117,

	4
	IV
	12
	UHS CS 8-3, UHS CS 57-3, UHS CS 46-5, UHS CS 56-4, UHS CS 105,UHS CS 15-3, UHS CS 27, UHS CS 36-3, UHS CS 47-5, UHS CS 15-1, UHS CS 43-5, UHS CS 57-1

	5
	V
	12
	UHS CS 79-1,UHS CS 92, UHS CS 84-1, UHS CS 138, UHS CS 36-4, UHS CS 115, UHS CS 76, UHS CS 43-1, UHS CS 84, UHS CS 84-S, UHS CS 103, UHS CS 135

	6
	VI
	5
	UHS CS 111, C4/C3, UHS CS 78, UHS CS 72, UHS CS 13-3

	7
	VII
	4
	UHS CS 75, UHS CS 5, UHS CS 139-1, UHS CS 137

	8
	VIII
	3
	UHS CS 89-3, UHS CS 12-4, UHS CS 99-4




Table 3.   Inter-intra cluster distances  among 150 Cucumis sps collections 

	Cluster Distances

	 
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Cluster 5
	Cluster 6
	Cluster 7
	Cluster 8

	Cluster 1
	3807.40
	12608.35
	32346.12
	8248.25
	17876.65
	11339.34
	74096.39
	45390.82

	Cluster 2
	12608.35
	5089.29
	16341.04
	28093.74
	23278.44
	10108.88
	64381.82
	17489.96

	Cluster 3
	32346.12
	16341.04
	4829.97
	52394.86
	19246.21
	32340.13
	28644.04
	25077.38

	Cluster 4
	8248.25
	28093.74
	52394.86
	5235.59
	23890.91
	21952.87
	89964.23
	75036.15

	Cluster 5
	17876.65
	23278.44
	19246.21
	23890.91
	6034.02
	32982.45
	29981.05
	58951.33

	Cluster 6
	11339.34
	10108.88
	32340.13
	21952.87
	32982.45
	9068.04
	91862.29
	28715.04

	Cluster 7
	74096.39
	64381.82
	28644.04
	89964.23
	29981.05
	91862.29
	10537.96
	88828.57

	Cluster 8
	45390.82
	17489.96
	25077.38
	75036.15
	58951.33
	28715.04
	88828.57
	4148.92









         Table  4. Cluster means for 18 quantitative traits among 150 Cucumber collections  
	SN.
	Cluster no
	VL
	DFF
	DFFF
	DFFS
	NNFFF
	NFM
	NFF
	SR
	NNPV
	IL
	NBPV
	VLHS
	NFPP
	IFW
	FL
	FD
	SC
	FYPP

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Cluster 1
	53.01
	37.04
	42.78
	49.38
	5.45
	48.82
	6.16
	8.27
	30.16
	6.36
	3.83
	166.2
	8.04
	136.5
	16.81
	3.98
	2.28
	1.08

	2
	Cluster 2
	57.93
	36.82
	41.94
	48.82
	5.88
	54.32
	7.07
	8.44
	36.52
	7.3
	3.66
	248.9
	7.12
	173
	18.15
	4.15
	2.38
	1.17

	3
	Cluster 3
	73.85
	33.54
	40.23
	46.62
	5.95
	56.81
	6.99
	8.41
	39.23
	7.04
	2.66
	250.8
	5.23
	279.5
	18.5
	4.14
	2.41
	1.4

	4
	Cluster 4
	63.29
	37.17
	42
	48.25
	5.7
	55.97
	7.14
	8.06
	24.92
	5.36
	4.04
	108.8
	7.88
	114.5
	16.29
	3.72
	2.24
	0.89

	5
	Cluster 5
	57.91
	34.33
	39.58
	46.33
	5.04
	47.2
	6.68
	7.33
	28
	5.96
	3.19
	137.8
	7.08
	247.7
	18.46
	4.79
	2.49
	1.46

	6
	Cluster 6
	84.6
	36.6
	43
	49.6
	4.34
	56.92
	5.52
	9.88
	40.8
	6.3
	3.96
	232
	8.4
	118.4
	17
	3.88
	2.04
	1.05

	7
	Cluster 7
	47.55
	34.25
	40.25
	46.25
	5.29
	43.5
	7.25
	5.92
	32.5
	6.88
	2.8
	163.5
	6.25
	397.5
	21.25
	5.03
	3.05
	2.47

	8
	Cluster 8
	50.33
	44.67
	42.33
	50.33
	8.67
	54.82
	7.93
	7.14
	46.67
	9.33
	5.33
	363.3
	6
	190
	18.17
	3.97
	2.73
	1.19









Table 5. Mahalanobis D2 analysis showing percent contribution of quantitative traits towards diversity among 150 collections of Cucumis sps in Kharif 2019  	

	SN
	Source
	 
	Percent contribution
	Times Ranked Ist

	1
	Vine Length (cm)
	VL
	5.31
	590

	2
	Days to 50% flowering
	DFF
	2
	222

	3
	Days first female flowering
	DFFF
	3
	333

	4
	Days to first fruit set
	DFFS
	5
	556

	5
	Node number at first female flower
	NNFFF
	4
	444

	6
	Number of male flower
	NFM
	2
	222

	7
	Number of female flower
	NFF
	3
	333

	8
	Sex ratio
	SR
	6.5
	722

	9
	Number of nodes per vine
	NNPV
	1
	111

	10
	Internodal length (cm)
	IL
	2
	222

	11
	Number of branches per vine
	NBPV
	7
	778

	12
	Vine length at harvesting stage (cm)
	VLHS
	15.0
	1667

	13
	Number of fruits per plant
	NFPP
	12.2
	1356

	14
	Individual fruit weight (gm)
	IFW
	9
	1000

	15
	Fruit length (cm)
	FL
	5
	556

	16
	Fruit Diameter (cm)
	FD
	8
	889

	17
	Seed cavity
	SC
	3
	333

	18
	Fruit yield per plant (Kg)
	FYPP
	7
	778




			
Fig 1. Dendogram of 150 of Cucumber genotypes by Mahalanobis on D2 analysis evaluated during Kharif-2019 based on 18 quantitative traits
[image: ]



Fig 2. Percent contribution of the quantitative traits towards diversity




PERCENT CONTRIBUTION TOWARDS DIVERGENCE
Contribution %	[CATEGORY NAME]
[PERCENTAGE]

Vine Length (cm) at 45DAS	Days to 50% flowering 	Days first female flowering 	Days to first fruit set	Node number at first female flower	Number of male flower	Number of female flower	Sex ratio 	Number of nodes per vine	Internodal length (cm)	Number of branches per vine	Vine length at harvesting stage (cm)	Number of fruits per plant	Individual fruit weight (gm)	Fruit length (cm)	Fruit Diameter (mm)	Seed cavity 	Fruit yield per plant (Kg)	5.31	2	3	5	4	2	3	6.5	1	2	7	15	12.2	9	5	8	3	7	
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