Assessment of Genetic Variability and Divergence in Pointed Gourd Genotypes for Yield and Quality Parameters


ABSTRACT
The present investigation was carried out during 2022–23 at the Vegetable Research Farm, Dr. Rajendra Prasad Central Agricultural University, Pusa, Samastipur, Bihar, with the objective of assessing genetic variability, heritability, genetic advance, and genetic divergence among twenty pointed gourd (Trichosanthes dioica Roxb.) genotypes, including the check variety ‘Swarna Suruchi’. The experiment was conducted in a Randomized Block Design (RBD) with three replications, maintaining a spacing of 2 × 1 m. A total of fourteen yield and quality traits were recorded and subjected to statistical analysis. Analysis of variance revealed highly significant differences (p < 0.01) among genotypes for all traits, indicating considerable genetic variability. High genotypic (GCV) and phenotypic (PCV) coefficients of variation were observed for number of fruits plant⁻¹ (36.55%, 37.11%), number of vines plant⁻¹ (30.89%, 32.67%), fruiting duration (29.69%, 30.96%), seed:pulp ratio (22.38%, 23.95%) and fruit yield (22.12%, 25.56%), demonstrating substantial scope for improvement through selection. Seven traits number of vines plant⁻¹, vine length, internodal length, average fruit weight, number of seeds fruit⁻¹, fruit volume, and fruit yield exhibited high heritability (80.74–91.92%) coupled with high genetic advance (23.40–46.46%), suggesting the predominance of additive gene action and the effectiveness of selection in early generations. Among the evaluated genotypes, RPGS-3 and Kashi Alankar recorded significantly higher fruit yield and superior performance for most yield-contributing traits compared to the check. Mahalanobis D² analysis grouped the genotypes into six distinct clusters, with the maximum inter-cluster distance (D² = 876.82) observed between Cluster II and Cluster V, indicating the presence of wide genetic divergence. Traits contributing maximum towards genetic divergence included fruiting duration (34.60%), fruit length (30.72%), and seed:pulp ratio (16.20%). The overall results highlight promising genotypes and genetically diverse groups valuable for hybridization and future varietal improvement programs aimed at enhancing fruit yield and quality in pointed gourd.
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INTRODUCTION
Pointed gourd (Trichosanthes dioica Roxb.) is one of the most important cucurbitaceous vegetables grown in tropical and subtropical regions of the world, particularly in India and Bangladesh. It is believed to have originated in Assam, India (Pandit and Hazara, 2008). The common names of pointed gourd include Parwal, Patal, Palwal, Parmal, Parola, and Patola in different parts of the country (Pandit and Hazara, 2008). It is cultivated predominantly in the eastern and northern states of India, especially West Bengal and Bihar, followed by Uttar Pradesh and to a lesser extent in regions around Hyderabad and Bengaluru (Bhardwaj, 2011; Yadav et al., 2022). Owing to its high genetic diversity and superior nutritional profile, pointed gourd is popularly referred to as the “King of Gourds” (Saha et al., 2004). In the Indo-Gangetic plains, it is largely grown annually on sandy riverbed soils.
In India, the area under pointed gourd cultivation is about 62,910 ha, producing 761,100 metric tons, with a productivity of 12.09 metric tons per hectare (Indiastat, First Advance Estimate 2022–2023). It is considered a highly remunerative vegetable crop for farmers and is widely cultivated by small and marginal farmers, especially in Agro-climatic Zone III of Bihar, due to its comparatively low cost of production, high market return, and suitability for riverbed cultivation (Bhattacharjee and Dhua, 2018).
Pointed gourd is morphologically distinct from other cucurbit crops because of its perennial, dioecious nature and propagation through asexual vine cuttings. The fruits are rich in proteins and vitamin A (Saha et al., 2004; Yadav et al., 2022). It possesses various medicinal properties including hypocholesterolemic, hypoglycemic, and antidiabetic activities. The fruits are easily digestible, laxative, and diuretic, and exhibit anti-ulcer effects, along with several other health benefits (Sharma et al., 2015). Pointed gourd enhances the body’s immune system and helps prevent common infections such as colds, flu, and sore throat. According to Ayurveda, it is considered a natural body purifier that helps eliminate toxins and impurities.
Genetic variability is a critical component of any crop improvement programme. Assessing the extent and nature of genetic diversity is valuable for identifying superior genotypes from available germplasm. Wide genetic heterogeneity within germplasm provides ample opportunities for crop improvement (Singh and Prasad, 1989; Patil et al., 2022).
Heritability, a concept introduced by Lush (1940), explains the degree to which genetic factors contribute to the observable variation in traits. It represents the proportion of phenotypic variation attributable to genetic differences (Panchbhai et al., 2006). Thus, it measures the extent to which traits are transmitted from parents to offspring (Sureja et al., 2010; Singh et al., 2021). This analysis is essential in distinguishing genetic variation from environmental influence. Narrow-sense heritability, in particular, focuses on additive genetic variance, which is the only component that can be reliably fixed through selection (Ara et al., 2012).
Genetic advance is another important parameter in plant breeding, as it estimates the expected improvement in a trait achieved through selection. It helps evaluate the effectiveness and potential gain of selection strategies (Devmore et al., 2010). For yield improvement, emphasis should be placed on traits having a strong association with yield (Wray and Visscher, 2008; Jatav et al., 2016).
Genetic divergence in pointed gourd is commonly assessed using the Mahalanobis D² statistic, proposed by Mahalanobis (1936). Genetic divergence measures the degree of dissimilarity among individuals or groups based on multiple traits and plays a key role in identifying genetically diverse genotypes for future hybridization and crop improvement programmes (Panigrahi et al., 2015; Kabir et al., 2009).

MATERIAL AND METHODS
The experimental research on pointed gourd was conducted at the Vegetable Research Farm of Dr. Rajendra Prasad Central Agricultural University, located in Pusa, Bihar. The experiment was carried out in Randomized Block Design, with three replications and spacing is 2m x 1m (row-to-row and plant to plant). The experimental material for the study comprises twenty genotypes (table-1) including check (Swarna Suruchi).
Observation recorded
Fourteen following traits were observed: number of vines plant-1, vine length (cm), internodal length (cm), number of fruits plant-1, fruit length (cm), breadth of fruit (cm), average fruit weight (g), number of seeds fruit-1, volume of fruit (ml), T.S.S. (° Brix), seed: pulp, fruiting duration (days), shelf life of fruit (days), and fruit yield (qha-1). 
Statistical analysis
The ANOVA was estimated by using strategy of Panse and Sukhatme (1967). The GCV and PCV were calculated by using the method described by Burton and De Vane (1953). While GAM and heritability (broad sense) had been calculated according to with Johnson et al. (1955) and Lush (1940) methods, respectively. The D2 statistics calculated by Mahalanobis (1936) method. Statistical analysis was done with the help of R-Studio software.
RESULT AND DISCUSSION
In the present study, twenty genotypes of Pointed gourd were examined for yield and yield attributing parameters. The ANOVA (Table-2) depicted presence of highly significant variation among the genotypes for all the studied parameters. This suggested that existence of a significant level of variability within the genotypes. These may be used in breeding programs. All the characters had shown highly significant differences. Similar findings were also reported by Saleem et al. (2014) in bitter gourd; Rani, 2012 in ridge gourd; in the fluted pumpkin (Telfairia occidentalis Hook F.); Panigrahi et al. (2015) in ivy gourd; Rathore et al. (2017) in ridge gourd; Adhikari et al. (2020) in Pointed gourd; in Ivy gourd; Abhishek et al. (2020) in bottle gourd and Singh et al. (2021) in Pointed gourd. 
The genotypes with the most promising results were determined by comparing their performance to the check variety Swarna Suruchi. There was a wide range of variability in traits (table-3) such as number of vines plant-1, fruiting duration, seed to pulp ratio and fruit yield. This suggests that selecting based on these traits would be effective. Based on the average performance, two genotypes viz; RPGS-3 and Kashi Alankar were found to be significantly better than the check variety Swarna Suruchi in traits like number of vines plant-1, vine length, internodal length, number of fruits plant-1, fruit length, breadth of fruit, average fruit weight, number of seeds fruit-1, volume of fruit, fruiting duration, and fruit yield. This indicates that these genotypes could potentially have higher yields in Pointed gourd cultivation. This variability suggests that selecting based on these attributes would be effective.
Evaluation of the heritable and non-heritable components of the observed total variability is essential in order to choose an effective breeding strategy. It is possible to measure the heritable proportion of the overall variability utilizing GCV, PCV, heritability and genetic advance as a percent of mean (Table-4, Fig-1). The PCV (phenotypic coefficient of variation) is slightly greater than the GCV (genetic coefficient of variation) across all traits. The GCV and PCV values for number of fruit plant-1(36.55%, 37.11%), number of vines plant-1 (30.89%, 32.67%), fruiting duration (29.69%, 30.96%), seed: pulp (22.38%, 23.95%) and fruit yield (22.12%, 25.56%) were high, suggesting the potential for selecting appropriate preliminary breeding material for future improvement. This indicates that the primary factor influencing the expression of these traits is the genetic makeup (genotypes) rather than the environmental conditions. These results agreed with those of Khan et al. (2009); Devi et al. (2017); Verma et al. (2017); Singh et al. (2016); Sundhariya et al. (2016); Ara et al. (2012); Jena et al. (2017); Munawar, (2015); Varalakshmi et al. (2018); Triveni et al. (2021); Panda et al. (2022); and Dinesh et al. (2023), they found a significant amount of variability. Most of the characters exhibited high heritability such as number of vines plant-1, vine length (cm), internodal length (cm), average fruit weight (g), number of seeds fruit-1, volume of fruit (ml), T.S.S. (° Brix), shelf life of fruit and fruit yield (qha-1), except, number of fruits plant-1, fruit length, breadth of fruit, seed: pulp and fruiting duration. The traits of number of vines plant-1, vine length (cm), internodal length (cm), average fruit weight (g), number of seeds fruit-1, volume of fruit (ml), and fruit yield (qha-1) showed high heritability and a high genetic advance as a percent of the mean, indicating that they are primarily controlled by additive gene action. Therefore, selecting plants with these traits in early generations could be beneficial. On the other hand, T.S.S. (° Brix) and fruiting duration had high heritability and moderate genetic advance as a percent of the mean, suggesting the presence of both additive and non-additive gene action. For improving these traits, recurrent selection may be effective. Similar findings were also reported by several prior researchers: Rahman et al. (2002); Bharathi et al. (2006); Rajkumar and Karuppaiah, (2007), Sureja et al. (2010); Robinson et al. (1949); Kumar et al. (2007); Panchbhai et al. (2006); Singh et al. (2022); Bhaiya et al. (2020); Harshitha et al. (2019); Abdein et al. (2017); Devmore et al. (2010); Ananthan and Krishnamurthy, (2017) and Dinesh et al. (2023). 
The twenty genotypes used for genetic divergence analysis were categorized into six distinct clusters using the Malalananobis D2 method (Table-5 and Fig-2). Cluster I is largest by having twelve namely; RPGS-1, RPGS-10, RPGS-12, RPGS-8, RPGS- 4, RPGS-13, RPGS-7, RPGS-2, Kashi Suphal, Swarana Rekha, Swarna Alaukik and Swarna Suruchi. The cluster II had three genotypes viz; Dendari, Rajendra Parwal-1 and RPGS-14. The cluster IV had two genotypes RPGS- 9 and RPGS-11. Cluster III, V and VI were monogenotypic in nature and had only one genotype, RPGS- 5, Kashi Alankar and RPGS- 3 respectively. Similar findings were reported by Kabir et al. (2009); Khan et al. (2009); Prasad et al. (1997); Tyagi et al. (2017); Debata et al. (2017); Shilpashree et al. (2022); Bhargava et al. (2022); Ahmed et al. (2016); Verma et al. (2017) and Pandit et al. (2011). Cluster I showed the highest maximum intra-cluster distance, followed by cluster II and cluster IV. This suggests that the genotypes in these clusters have a wider range of variability. Cluster II and cluster V had the highest maximum inter-cluster distance, followed by cluster II and cluster VI, and cluster I and cluster VI. This indicates that crossing genotypes from cluster II and cluster V, as well as cluster II and cluster VI, and cluster I and cluster VI, could lead to superior heterotic recombinants (Table-6). This finding is consistent with previous studies by Prasad et al. 1997; Debata et al. (2017); Singh et al. (2016); Verma et al. (2017); Tyagi et al. (2017); Shilpashree et al. (2022) and Jatav et al. (2022). The greatest genetic divergence in terms of traits was observed in fruiting duration, followed by fruit length, seed to pulp ratio, shelf life of fruit, internodal length, number of vine plants unit-1, number of seeds fruit-1 and total soluble solids (° brix), as well as the number of fruits plant-1 (Table-8). Similar findings were reported in previous studies conducted by Khan et al. (2009); Dalsaniya et al. (2009); Debata et al. (2017); Singh et al. (2016); Tyagi et al. (2017); Jatav et al. (2022) and Shilpashree et al. (2022).

CONCLUSION
The GCV and PCV values for number of fruit plant-1, number of vines plant-1, fruiting duration, seed: pulp and fruit yield were high, suggesting the potential for selecting appropriate preliminary breeding material for future improvement. The gap between PCV and GCV value is very meagre, meaning that the characters under research were slightly affected by the environment, which shows that these traits may be improved by using phenotypic selection. High heritability coupled with high genetic advance as percent of mean, for the traits; number of vines plant-1, vine length, internodal length, average fruit weight (g), number of seeds fruit-1, volume of fruit (ml), as well as fruit yield indicating that preponderance of additive gene action suggesting that early generation selection. Which might be attributed to additive gene action regulating their expression and phenotypic selection for their improvement would be effective. Highest number of genotypes were entered in Cluster I, because they may be genetically identical with each other The inter-cluster D2 values of the six clusters depicted that maximum inter-cluster generalized distance (876.82) was between Cluster II and Cluster V, suggesting that to have the superior heterotic recombinants.


Table: 1 - Pointed gourd genotypes and their collection source
	S. N.
	Genotypes
	Source of collection

	1.
	RPGS – 1
	Local Collection

	2.
	RPGS – 2
	Local Collection

	3.
	RPGS – 3
	Local Collection

	4.
	RPGS – 4
	Local Collection

	5.
	RPGS – 5
	Local Collection

	6.
	RPGS – 7
	Local Collection

	7.
	RPGS – 8
	Local Collection

	8.
	RPGS – 9
	Local Collection

	9.
	RPGS – 10
	Local Collection

	10.
	RPGS – 11
	Local Collection

	11.
	RPGS – 12
	Local Collection

	12.
	RPGS – 13
	Local Collection

	13.
	RPGS – 14
	Local Collection

	14.
	Kashi Alankar
	IIVR, Varanasi, (U.P.)

	15.
	Kashi Suphal
	IIVR, Varanasi, (U.P.)

	16.
	Swarna Alaukik
	ICAR, RCER, Ranchi, Jharkhand

	17.
	Swarna Suruchi
	ICAR, RCER, Ranchi, Jharkhand

	18.
	Swarna Rekha
	ICAR, RCER, Ranchi, Jharkhand

	19.
	Dendari
	Local Collection

	20.
	Rajendra Parwal - 1
	BAU, Sabour, Bihar



Table: 2 Analysis of variance for fourteen characters of Pointed gourd (Trichosanthes dioica Roxb.)
	S. N.
	
             Characters
	Mean sum of square

	
	
	Replication
(df = 2)
	Treatment
(df = 19)
	Error
(df = 38)

	1
	Number of vines plant-1
	0.22
	10.08**
	0.29

	2
	Vine length (cm)
	143.71
	514.13**
	37.35

	3
	Internodal length (cm)
	0.35
	5.08**
	0.19

	4
	Number of fruits plant-1
	60.05
	487.89**
	140.14

	5
	Fruit length (cm)
	0.13
	1.72**
	0.39

	6
	Breadth of fruit (cm)
	0.01
	0.169**
	0.07

	7
	Average fruit weight (g)
	41.17
	62.73**
	9.98

	8
	Number of seeds fruit-1
	0.82
	54.83**
	2.43

	9
	Volume of fruit (ml)
	1.14
	61.64**
	4.54

	10
	T. S. S. (° Brix)
	0.05
	0.28**
	0.03

	11
	Seed: pulp
	0.00
	0.007**
	0.00

	12
	Fruiting duration (days)
	35.8167
	409.76**
	203.71

	13
	Shelf life of fruit (days)
	0.42
	2.61**
	0.38

	14
	Fruit yield (qha-1)
	355.03
	6492.66**
	565.27




Table: 3 Mean performance of twenty genotypes for fourteen characters in Pointed gourd (Trichosanthes dioica Roxb.)
	S. N.
	Characters →
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	
	
Genotypes ↓
	Number of vines plant-1
	Vine length (cm)
	Internodal length (cm)
	Number of fruits plant-1
	Fruit length (cm)
	Breadth of fruit (cm)
	Average fruit weight (g)
	Number of seeds fruit-1
	Volume of fruit (ml)
	T. S. S.  
(° Brix)
	Seed: pulp
	Fruiting duration
(days) 
	Shelf life of fruit
(days)
	Fruit yield (qha-1)

	1
	RPGS – 1
	8.33
	46.47
	6.55
	122.33
	7.04
	2.7
	26.61
	16.33
	22.1
	3.27
	0.084
	221.67
	8.67
	176.52

	2
	RPGS – 2
	7.67
	66.6
	6.94
	127.33
	7.14
	2.81
	28.41
	24
	26.01
	3.93
	0.208
	223.33
	9
	187.88

	3
	RPGS – 3
	12.33*
	99.5*
	8.32
	158*
	8.97*
	3.23*
	39.31*
	23
	36.23*
	3.53
	0.111
	239*
	9.67*
	312.92*

	4
	RPGS – 4
	6.33
	69.2
	7.25
	123.33
	7.12
	2.73
	28.71
	20.33
	30
	3.13*
	0.210
	221.67
	8.67
	153.6 

	5
	RPGS – 5
	6.33
	84.07
	5.09*
	125.67
	6.66
	2.61
	26.29
	17
	23.6
	3.2
	0.127
	218.33
	10.67*
	182.24

	6
	RPGS – 7
	5.33
	69.2
	8.44
	127
	6.64
	2.51
	24.12
	22.33
	22.27
	3.37
	0.148
	211.67
	8.33
	154.87

	7
	RPGS – 8
	7
	68.4
	7.19
	136.67
	7.3
	2.82
	29.7
	23
	29.8
	3.27
	0.125
	198.33
	8.33
	188.75

	8
	RPGS – 9
	5.67
	46.47
	9.35
	108
	5.32
	2.29
	19.59
	21
	17.4
	3.23
	0.155
	213.33
	8.67
	118.45

	9
	RPGS – 10
	6
	66.2
	7.05
	123
	7.1
	2.72
	28.43
	19
	24.8
	3.37
	0.122
	191.67
	9.33
	177.64

	10
	RPGS – 11
	7.67
	78.2
	9.23
	111.33
	6.44
	2.5
	22.6
	19.33
	19.8
	3.63
	0.124
	220
	8.33
	134.89

	11
	RPGS – 12
	5.67
	78.2
	5.49
	142.33
	7.8
	3.08*
	32.91
	22
	30.4
	3.17
	0.256
	213.33
	8
	227.2

	12
	RPGS – 13
	9.33*
	68.4
	5.63
	142.33
	7.71
	3.06*
	32.72
	15
	23.77
	2.83*
	0.209
	220
	8.67
	238.95*

	13
	RPGS – 14
	8
	61.33
	8.25
	119
	6.44
	2.65
	26.27
	16
	26.8
	2.97*
	0.226
	225
	9.33
	166.39

	14
	Kashi Alankar
	11.67*
	87
	5.36
	154.67*
	8.95*
	3.17*
	36.46*
	28.67
	34.2*
	3.73
	0.199
	245*
	11.33*
	292.95*

	15
	Kashi Suphal
	7.33
	82.27
	6.64
	136
	7.28
	2.77
	29.98
	16
	27.2
	3.7
	0.149
	220
	8.67
	187.99

	16
	Swarna Alaukik
	8
	69.13
	5.86
	131
	7.46
	2.87
	31.63
	14
	28
	3.13*
	0.195
	213.33
	7.67
	202.28

	17
	Rajendra Parwal - 1
	7
	55.47
	5.92
	139
	7.56
	2.9
	32.16
	10*
	31.4*
	3.3
	0.182
	226.67
	7.33
	210.02

	18
	Swarna Rekha
	8.67
	84.70*
	6.09
	136
	8.95*
	3.04*
	30.65
	18
	26
	3.33
	0.128
	226.67
	9.33
	192.22

	19
	Dendari
	7
	69.27
	5.94
	140.67
	8.23
	2.87
	32.67
	19
	25.6
	2.83*
	0.151
	216.67
	9
	211.9

	20
	Swarna Suruchi (C)
	8.33
	74
	5.86
	131.33
	7.71
	2.52
	30.31
	14.67
	27.87
	3.30
	0.096
	220
	8.33
	198.39

	CD (at 5%)
	0.89
	10.14
	0.73
	19.64
	1.04
	0.45
	5.24
	2.59
	3.53
	0.26
	0.024
	13.68
	1.02
	39.45

	* Significantly superior as compare to check variety at p = 0.05
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Table: 4 Genetic parameters of fourteen characters of Pointed gourd (Trichosanthes dioica Roxb.)
	S. N.
	Characters
	σ2g
	σ2p
	GCV (%)
	PCV
(%)
	h2 (b.s.)
(%)
	GA
	GA as percent Mean

	1.
	Number of vines plant-1
	5.63
	6.29
	30.89
	32.67
	91.92
	3.57
	46.46

	2.
	Vine length (cm)
	144.49
	167.41
	16.89
	18.18
	80.97
	23.37
	32.83

	3.
	Internodal length (cm)
	1.64
	1.82
	18.75
	19.78
	89.46
	2.49
	36.50

	4.
	Number of fruits plant-1
	2321.33
	2393.01
	36.55
	37.11
	45.27
	14.92
	11.33

	5.
	Fruit length (cm)
	0.19
	0.64
	5.95
	10.96
	53.21
	1.00
	13.71

	6.
	Breadth of fruit (cm)
	0.08
	0.12
	9.76
	12.43
	29.93
	0.20
	7.12

	7.
	Average fruit weight (g)
	6.23
	9.53
	8.47
	10.47
	87.78
	6.90
	23.40

	8.
	Number of seeds fruit-1
	1.30
	5.09
	6.03
	11.92
	80.74
	8.07
	42.60

	9.
	Volume of fruit (ml)
	14.70
	24.43
	14.44
	18.61
	77.26
	8.08
	30.40

	10.
	Total soluble solids (° brix),
	0.30
	0.37
	16.51
	18.29
	91.53
	0.53
	15.87

	11.
	Seed: pulp
	0.001
	0.001
	22.38
	23.95
	25.21
	0.09
	57.57

	12.
	Fruiting duration (days)
	4238.56
	4608.92
	29.69
	30.96
	58.70
	8.57
	3.91

	13.
	Shelf life of fruits (days)
	0.70
	0.85
	9.47
	10.39
	66.07
	1.44
	16.28

	14.
	Fruit yield (qha-1)
	1862.45
	2486.77
	22.12
	25.56
	77.75
	80.74
	41.38
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Fig: 1 Genetic parameter of fourteen characters in Pointed gourd
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Fig: 2 Clustering pattern of twenty genotypes based on D2 statistics by Tocher's method 
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Table: 5 Clustering pattern of twenty genotypes of Pointed gourd on the basis of D2 	        statistics 
	Cluster No.
	No. of genotypes with in cluster
	Genotypes in cluster

	Cluster I 
	12 
	RPGS-1, RPGS-10, RPGS-12, RPGS-8, RPGS-4, RPGS-13, RPGS-7, RPGS-2, Kashi Suphal, Swarna Rekha, Swarna Alaukik and Swarna Suruchi 

	Cluster II 
	3 
	Dendari, Rajendra Parwal-1 and RPGS-14 

	Cluster III 
	1
	RPGS- 5

	Cluster IV 
	2
	RPGS-9 and RPGS-11

	Cluster V 
	1
	Kashi Alankar

	Cluster VI 
	1 
	RPGS- 3


   Table: 6 Mean intra and inter cluster distance (D2) among six clusters of Pointed 	         gourd (Trichosanthes dioica Roxb.)
 
	Cluster 
	Cluster I 
	Cluster II 
	Cluster III 
	Cluster IV 
	Cluster V 
	Cluster VI 

	Cluster I 
	146.19 
	389.23 
	298.11 
	203.64 
	370.83 
	519.31 

	Cluster II 
	 
	109.27 
	433.59 
	287.61 
	876.82 
	542.35 

	Cluster III 
	 
	 
	0.00 
	379.09 
	385.85 
	315.23 

	Cluster IV 
	 
	 
	 
	89.60 
	383.26 
	222.85

	Cluster V 
	 
	 
	 
	 
	0.00 
	386.23

	Cluster VI 
	 
	 
	 
	 
	 
	0.00 
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Table: 7 Cluster mean for fourteen characters of Pointed gourd (Trichosanthes dioica Roxb.)
	Character

 
Cluster 	
	Number of vines plant-1 
	Vine length 
(cm) 
	Internodal length (cm) 
	 Number of fruits plant-1
	 Fruit length 
(cm)
	Breadth of fruit 
(cm)
	Average fruit weight  
(g)  
	Number of seeds fruit-1  
	 Volume of fruit 
(ml)
	 T.S.S. 
(ºBrix)
	Seed: 
pulp
	 Fruiting duration
(days)
	Shelf life of fruit
(days)
	Fruit yield 
(qha-1) 

	Cluster I
	5.33
	69.2
	8.44
	127
	6.64
	2.51
	24.12
	22.33
	22.27
	3.37
	0.148
	211.67
	8.33
	154.87

	Cluster II
	7
	55.47
	5.92
	139
	7.56
	2.9
	32.16
	10
	31.4
	3.3
	0.182
	226.67
	7.33
	210.02

	Cluster III
	6.33
	84.07
	5.09
	125.67
	6.66
	2.61
	26.29
	17
	23.6
	3.2
	0.127
	213.33
	10.67
	182.24

	Cluster IV
	6.00
	66.20
	9.35
	123
	7.1
	2.72
	28.43
	21
	24.8
	3.37
	0.15
	218.33
	8.67
	238.95

	Cluster V
	11.67
	87
	5.36
	154.67
	8.95
	3.17
	36.46
	28.67
	34.2
	3.73
	0.199
	245
	11.33
	292.95

	Cluster VI
	12.33
	99.50
	8.32
	158.00
	8.97
	3.23
	39.31
	23
	36.23
	3.53
	0.11
	239
	9.67
	315.92



Table: 8 Contribution percentage of fourteen characters towards genetic divergence of Pointed gourd (Trichosanthes dioica Roxb.)
	S. N.
	Source
	Times rankled 1st
	Contribution (%)

	1.
	Number of vines plant-1
	5
	2.79

	2.
	Vine length (cm)
	1
	0.56

	3.
	Internodal length (cm)
	12
	6.70

	4.
	Number of fruits plant-1
	2
	1.11

	5.
	Fruit length (cm)
	55
	30.72

	6.
	Breadth of fruit (cm)
	0
	0

	7.
	Average fruit weight (g)
	1
	0.55

	8.
	Number of seeds fruit-1
	3
	1.67

	9.
	Volume of fruit (ml)
	1
	0.55

	10.
	T. S. S. (° Brix)
	3
	1.67

	11.
	Seed: pulp
	29
	16.20

	12.
	Fruiting duration (days)
	62
	34.6

	13.
	Shelf life of fruit (days)
	15
	8.37

	14.
	Fruit yield (qha-1)
	0
	0






[bookmark: _Hlk191544944]Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.
	
REFERENCES
Abdein, M. A. E., Hassan, H. M. F. & Dalia, H. M. (2017). General performance, combining abilities and heritability of yield and yield component traits in Pumpkin (Cucurbita moschata Poir.) at different conditions. Current Applied Science and Technology, 17(1): 121-129. 
Abhishek, V. R., Kumar, J. & Tomar, S. (2020). Study of genetic variability, heritability and genetic advance among the characters of Bottle gourd. Plant Archives, 20: 506-509. 
Ahmed, B., Masud, M. A. T., Zakaria, M., Hossain1, M. M., and Mian, M. A. K. (2016). Genetic divergence among inbred lines of pumpkin (Cucurbita moschata Duch Ex Poir). Bangladesh Journal of Plant Breeding and Genetics, 29(2): 25-31.
Ananthan M., & Krishnamoorthy V. (2017). Genetic variability, correlation and path analysis in Ridge gourd (Luffa acutangula Roxb. L.). International Journal of Current Microbiology and Applied Science, 6(6): 3022-3026. 
Anonymous, (2021). Indiastat Database. Ministry of Agriculture and Farmers Welfare. 
Ara N., Bashar M. K., & Islam M. R. (2012). Characterization and evaluation of hybrid Pointed gourd genotypes. Bulletin of the Institute of Tropical Agriculture, Kyushu University, 35(1): 053-060.
Bhaiya, R., Singh, V. B., Yadav, G. C., Singh, N., Verma, P., & Tiwari, D. (2020). Studies on genetic variability, heritability and genetic advance for growth, yield and its component traits in Cucumber (Cucumis sativus L.). Journal of Pharmacognosy and Phytochemistry, 9(5): 3237-3239.
Bharathi, L. K., Naik, G., & Dora, D. K. (2006). Studies on genetic variability in Spine gourd. Indian journal of horticulture, 63(1): 96-97. 
Bhardwaj, D.R. (2011). Pointed gourd. In, Quality seed production of vegetable crops, Technological Interventions. Crop Specific Aspects (Ed. Sharma J.P.). Kalyani Pub. New Delhi, 2: 108-121. 
Bhargava, A. K., Ram, R. B., & Kumar, P. (2022). Estimation of genetic divergence in Bottle gourd [Lagenaria siceraria (Mol.) Standl.] for yield and it’s attributing traits. The Pharma Innovation Journal, 11(4): 554-557. 
Bhattacharjee, D., & Dhua, R. S. (2018). Enhancing postharvest storage life of Pointed gourd (Trichosanthes dioica Roxb.) fruits with edible coatings. Journal of Pharmacognosy and Phytochemistry, 7(5): 607-611. 
Burton, G. W., & Devane, D. E. (1953). Estimating heritability in tall Fescue (Festuca arundinacea) from replicated clonal material 1. Agronomy journal, 45(10): 478-481. 
Dalsaniya, S. B., Poshiya, V. K., Savaliya, J. J., Pansuriya, A. G., & Davada, B. K. (2009). Genetic divergence in Cowpea [Vigna unguiculata (l.) Walp.]. Legume Research, 32(4): 250-254. 
Debata J., Maurya S. K., Yadav H., & Bhat L. (2017). Study on genetic diversity of Pointed gourd using morphological traits. International Journal of Current Microbiology Applied Sciences, 6 (12): 1511-1519. 
Devi, N. D., Mariappan, S., Arumugam, T. & Anandakumar, C. R. 2017. Genetic variability, heritability, correlation and path analysis in Snake gourd (Trichosanthes cucumerina L.). Electronic Journal of Plant Breeding. 8(2): 566-571. 
Devmore, J. P., Dhonukshe, B. L., Thaware, B. L., Bendale, V. W., Jadhav, B. B., & Thprat, T. N. (2010). Genetic variability and heritability studies in Bitter gourd (Momordica charantia L.). Journal of Maharashtra Agricultural Universities, 35(1): 163-165. 
Dinesh, P., Singh, S. P., Nana, L. P., Kumar, U., & Dhaker, S. N. (2023). Variability and Divergence study in Pointed gourd (Trichosanthes dioica Roxb.). The Pharma Inovation Journal, 12(6): 4219-4224.
Harshitha, S., Sood, M., & Indiresh, K. M. (2019). Variability and heritability studies for horticultural traits in Ridge gourd [Luffa acutangula (L.) Roxb.]. International Journal of Bio-resource and Stress Management, 10(4): 335-339. 
Jatav, V., & Singh, D. K. (2016). Genetic Variability, Heritability and Genetic advance for yield and related traits in Bitter gourd (Momordica Charantia l.). Journal of Environment Bio-Science, 30(2): 421-426. 
Jatav, V., Singh, D., Singh, N., & Panchbhaiya, A. (2022). Principal component analysis in Bitter gourd (Momordica charantia L.). Bangladesh Journal of Botany, 51(1): 1-7. 
Jena A. K., Suseela T., Patro T. S. K. K. K., & Sujatha R. V. (2017). Studies on genetic variability, heritability and genetic advance in Pointed gourd (Trichosanthes dioica Roxb.). International Journal of Current Microbiology and Applied Sciences, 6(8): 1857-1863.  
Johnson, H. W., Robinson, H. F., & Comstock, R. E. (1955). Estimates of genetic and environmental variability in Soybeans 1. Agronomy journal, 47(7): 314-318. 
Kabir, M. Y., Khan, A. S. M. M. R., & Hassain, M. S. (2009). Genetic divergence in Pointed gourd. Journal of Agriculture & Rural Development, 7(1&2): 87-92. 
Khan, R. A., Rabbani, Z., Islam, M., Rashid, H., & Alam, A. (2009). Genetic diversity in pointed gourd (Trichosanthes dioica Roxb) revealed by Random Amplified Polymorphic DNA (RAPD) markers. Thai Journal of Agricultural Science, 42(2): 61-69. 
Khan, A. S. M. M. R., Kabir, M. Y., & Alam, M. M. (2009). Variability, correlation path analysis of yield and yield components of Pointed gourd. Journal of Agriculture & Rural Development, 7(1&2): 93-98. 
Lush J. L. (1949). Heritability of quantitative characters in farm animals. 
Mahalanobis, P. C. (1936). On the generalized distance in statistics. National Institute of Science of India. 
Munawar, M., Hammad, G., Nadeem, K., Raza, M. M., & Saleem, M. (2015). Assessment of genetic diversity in Tinda gourd through multivariate analysis. International Journal of Vegetable Science, 21(2): 157-166.  
Panchbhai, D. M., Muthukumar, Deshmukh, D. T., & Kale, V. S. (2006). Variability studies in Spine gourd (Momordica dioica Roxb). Advances in Plant Sciences, 19(1): 267-270. 
Panda, M., Mohanty, A., Sarkar, S., Sahu, G. C., Tripathy, P., Das, S., & Patnaik, A. (2022). Variability studies in Ridge gourd [Luffa acutangula Roxb.]. Pharma Innovation, 11(4): 1716-1719 
Pandit, M. K., & Hazra, P. (2008). Pointed gourd. Scientific cultivation of vegetables. New Delhi, Kalyani Publication, 218-228. 
Panigrahi, T. K., Sharma, G. L., & Tirkey, T. (2015). Genetic variability, heritability and genetic advance for yield and yield attribute traits in Ivy gourd (Coccinia grandis L.). The Ecoscan, 7: 417-421. 
Panse, V. G., & Sukhatme, P. V. (1967). Statistical methods for agricultural workers ICAR New Delhi, 2: 381. 
Patil, S. J., Khandare, V. S., Gurve, V. R., & Baghele, R. D. (2022). Assessment of Genetic Variability and Character Association in Yield and Yield-attributing Traits in Spine Gourd (Momordica dioica Roxb.). In Biological Forum–An International Journal, 14(1): 115-120.
Prasad, V. S. R., & Singh, D. P. (1997). Genetic divergence in parwal (Trichosanthes dioica Roxb.). Indian Journal of Plant Genetic Resources, 10(1): 91-96. 
Rajkumar, M., & Karuppaiah, P. (2007). Variability studies in Snake gourd (Trichosanthes anguina L.). Plant Archives, 7(2): 699-701. 
Rani, K. R. (2012). Genetic variability and character association in Ridge gourd. Crop research, 43(1-3): 85-88. 
Rathore, J. S., Collis, J. P., Singh, G., Rajawat, K. S., & Jat, B. L. (2017). Studies on genetic variability in Ridge gourd [Luffa acutangula L. (Roxb.)] genotypes in Allahabad agro-climate condition. International Journal of Current Microbiology and Applied Sciences, 6(2): 317-338. 
Robinson H. F., Comstock R. E., & Harvey P. H. (1949). Estimates of heritability and the degree of dominance in Corn. Agronomy journal. 
Saha, G., Das, S. N., & Khatua, D. C. (2004). Fruit and vine rot of Pointed gourdetiology, epidemiology and management. Journal of Mycopathological Research, 42(1): 73-81. 
Saleem, M. S., Sajid, M., Ahmed, Z., Ahmed, S., Ahmed, N., & Islam, S. U. (2014). Effect of seed soaking on seed germination and growth of Bitter gourd cultivars. Journal of Agriculture and Veterinary Sciences, 6(6): 7-11. 
Sharma, G. L. (2015). In evaluation, characterization and diversity analysis of local genotypes of Pointed gourd (Trichosanthes dioica Roxb.). krishikosh, 1. 
Shilpashree, N., Anjanappa, M., Fakrudin, B., Pitchaimuthu, M., Ramachandra, R. K., Shankarappa, K. S., & J S, A. K. (2022). Genetic diversity studies in Ridge gourd [Luffa acutangula (L.) Roxb.] Genotypes. The Pharma Innovation Journal, 11(3): 101-105.  
Singh, D. P., & Prasad, V. S. R. (1989). Variability and correlation studies in Pointed gourd (Trichosanthes dioica Roxb.). Indian Journal of Horticulture, 46(2): 204-209. 
Singh, P., Panigrahi, T. K., Sharma, G. L., & Tirkey, T. (2016). Genetic divergence analysis of locally collected genotypes of Pointed gourd in Chhattisgarh region. Green Farming, 7(4): 839-841. 
Singh, R., Singh, B., Prakash, S., Kumar, M., & Kumar, V. (2021). Genetic variability, heritability and genetic advance in Bottle gourd (Lagenaria siceraria Mol. Standl.). Annals of Horticulture, 141: 72-78. 
Singh, U., Kumar, S., & Yadav, K. (2022). Genetic variability and correlation studies in various genotypes of Watermelon [Citrullus lanatus (Thunb.) Mansf.]. Journal of Agriculture and Ecology, 13: 65-78. 
Sureja, A. K., Sirohi, P. S., Patel, V. B., & Mahure, H. R. (2010). Estimation of genetic parameters in Ash gourd. Indian Journal of Horticulture, 67: 170-173. 
Triveni, D., Uma Jyothi, K., Dorajee Rao, A. V. D., Mamatha, K., Uma Krishna, K., & Saloomi Suneetha, D. R. (2021). Correlation and path analysis for yield and yield contributing traits in Bitter gourd (Momordica charantia L.). Vegetos, 34(4): 944-950.

Tyagi N., Singh V. B., & Tripathi V. (2017). Studies on genetic divergence in Bitter gourd (Momordica charantia L.). Indian Journal of Ecology, 44(5): 607-609. 
Verma, P., Maurya, S. K., Panchbhaiya, A., & Dhyani, S. (2017). Studies on variability, heritability and genetic advance for yield and yield contributing characters in Pointed gourd (Trichosanthes dioica Roxb.). Journal of Pharmacognosy and Phytochemistry, 6: 734-738.
Verma, P., Maurya, S. K., Yadav, H., & Panchbhaiya, A. (2017). Determination of genetic divergence in Pointed gourd by principal component and nonhierarchical Euclidean cluster analysis. Journal of Applied and Natural Science, 9(4): 2421-2426. 
Wray, N., & Visscher, P. (2008). Estimating trait heritability. Nature Education, 1(1): 29. 
Yadav, N., Singh, A. K., Emran, T. B., Chaudhary, R. G., Sharma, R., Sharma, S., & Barman, K. (2022). Salicylic acid treatment reduces lipid peroxidation and chlorophyll degradation and preserves quality attributes of Pointed gourd fruit. Journal of Food Quality, 20-22. 
Yadav, N., Singh, A. K., Pal, A. K., Sharma, S., & Barman, K. (2022). Postharvest application of 6-benzylaminopurine preserves quality and delays senescence of Pointed gourd (Trichosanthes dioica Roxb.) fruit. National Academy Science Letters, 45(2): 123-127. 


image1.png
100

) X
S ) N & 3
.q?Q & \@Qq @] 0,\@ ‘\&& \‘@\Q & © o &
& @ @ ™ S & P & & B° e” &
S @S & L @ L £ & & =cov

& & & I AICHC I s X

é\)@ & e\‘ré\ ?SQ} ((QQ 60\0 mPCV (%)
R A
« e wh? (b. 5.) (%)
= GAM





image2.png
]

m‘
e

Il

o

I

P npay i Sy




