[bookmark: _Hlk210604796]Genetic variability, heritability and genetic advance in native melon (Cucumis melo var. agrestis L.) genotypes using morphological traits

ABSTRACT
[bookmark: _GoBack]Melon (Cucumis melo L.) is an important vegetable crop grown worldwide having large genetic variability in morphological traits like fruit size, shape and forms. The genetic variability of 41 melon was investigated for eleven quantitative traits at Research Farm, Division of Vegetable Science, ICAR-IARI, New Delhi during spring-summer 2022 following randomized block design with three replications. A wide range of variation was observed amongst the studied traits. The highest PCV and GCV (>20%) was observed for traits like average fruit weight (38.91%, 38.81%), fruit length (37.65%, 37.55%), node to first male flower (36.80%, 36.41%), node to and fruit shape index (28.31%, 28.03%). Low PCV and GCV estimates indicate least environmental factor in the expression of the traits. High heritability coupled with high GAM was observed for almost all the traits studied. The findings of this study can be further validated by evaluating the same genotypes in subsequent seasons or different locations to confirm trait stability. Overall, the best performing genotypes can be utilized in yield, quality traits and in future resistant melon breeding programme.
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1. INTRODUCTION
[bookmark: _Hlk210607000]Melon (Cucumis melo L., 2n = 24) is an important vegetable crop grown in tropical and subtropical regions of the world. The crop is highly relished as dessert because of its attractive and distinct musky aromatic aroma, sweet tase, rich source of vitamins and minerals and widely grown in tropical and subtropical regions of the world (Tara et al., 2025). India ranks second in melon production after China, with a production of 1.49 m tonnes from 0.068 m ha and a productivity of 22.03 tonnes per ha (FAOSTAT, 2025). The crop is thought to be originated in Africa but recent investigations suggest it is of Asian origin (Sebastian et al., 2010), due to large number of wild relatives or species found in the region. The crop is highly polymorphic (Danin-Poleg et al., 2002) owing to the presence of numerous morphological and genetic forms. Although a large germplasm collection of landraces and wild relatives is available in India, only limited studies have focused on the native Indian germplasm (Dhillon et al., 2009; Tara et al., 2024). Indian snapmelon germplasm plays a crucial role in melon breeding programs both in India and globally (Dhillon et al., 2012; 2015). Therefore, it is essential to further explore, evaluate, characterize and screen this valuable genetic resource for traits related to yield, distinct fruit quality and resistance to pests and diseases. Before advancing a trait to the following generation, any crop development effort must have a clear understanding of the genetic variability contained in a crop species. While genetic advancement will assist in evaluating the predicted gain under selection, heritability is an index for calculating the relative influence of environment on the expression of various traits by distinct genotypes. The information produced by combining genetic advancement and heritability would be more trustworthy when choosing the best genotypes. Therefore, this present investigation was carried out to study the genetic variability parameters, heritability and genetic advance in 41 melon genotypes belonging to three wild agrestis group or wild relatives in melon.

2. MATERIALS AND METHODS
The 41 melon genotypes in the experimental genotypes were grouped into three varietal groups of Cucumis melo var. agrestis (Pitrat, 2008). These includes momordica (34), callosus (5) and conomon (2) that were maintained at the Division of Vegetable Science, ICAR-IARI, New Delhi, India was carefully chosen for the study (Table 1). During the spring-summer of 2022, the current study was carried out using a randomized block design with three replications. Each replication block had 10 plants per genotype, with rows placed 2.0 m apart and plants spaced 0.6 m apart. The experiment was conducted in accordance with all recommended standard agronomical and plant protection practices.  Five randomly tagged plants per replication were used to collect data for eleven quantitative traits: days to first male flower anthesis, days to first female flower anthesis,  node to first male flower, node to first female flower, average fruit weight (g), fruit length (cm), fruit diameter (cm), flesh thickness (cm), cavity width (cm), total soluble solids (°Brix) and fruit shape index (ratio of fruit length by fruit diameter). Using the statistical program INDOSTAT, the mean values of the data were subjected to analyses of genetic variability parameters (Burton, 1952) and heritability and genetic advancement (Johnson et al., 1955).

3. RESULTS AND DISCUSSION
3.1 Mean performance of genotypes
The 41 genotypes under examination exhibit adequate significant variation for each trait under studied (Table 2). For selection to effectively improve quantitative traits, there must be adequate heterogeneity in agricultural genetic resources. Variability can be easily assess using range. A wide range of mean values found in the present investigation suggested the presence of significant variability for the traits studied. Amongst the flowering traits studied i.e., DSM-11-1 had the earliest number of days to first male flower anthesis (28.88 days) with the most last was recorded at 44.05 days in oriental melon. Days to first female flower anthesis was found at 32.45 days in DSM-11-20 while the most late in oriental melon at 51.35 days. The node to first male flower was observed earliest at 1.70 nodes in DSM-11-19, with the last nodes observed at 6.65 nodes in DSM-13-2) and the node to first female flower was first observed at 3.08 nodes in DSM-12-3 while late appearance of node was observed at 10.69 nodes in DSM 19). Similarly, significant variations were observed for fruit traits i.e., average fruit weight was observed to be least in DG-12-1 (324.02 g) 1236.42 g in DSM-13-1. Least fruit length was recorded in DG-12-2 (5.50 cm) to 24.17 cm in Kerala oriental melon. Fruit diameter was found highest in Kerala oriental melon (13.05 cm) while least in SM Black Round (5.33 cm), flesh thickness (1.35 cm in DSM-11-2 to 2.90 cm in DSM 19), cavity width (2.91 cm in SM Black Round to 7.43 cm in Kerala oriental melon) and total soluble solids (2.91 °Brix in SM Black Round to 6.58 °Brix in DSM 19). Fruit shape index (ratio of fruit length by fruit width) was found highest in DSM-13-1 (2.33) and least in DG-12-4 (0.63). Following Tara (2020), the fruit shape index (FSI) can be used to group genotypes as follows: values <0.7 indicate flat round or oblate fruits; 0.70–1.0 indicate round; 1.0–1.2 indicate obovate; 1.2–1.5 indicate oval or oblong and >1.5 indicate elongated fruit shape. In the present study, most genotypes exhibited an oval or oblong fruit shape (16), followed by obovate (11), elongated (7), oblate (5) and round (2) fruit shapes. Indraja et al. (2021), Tara et al. (2023) and Manchali and Mamatha (2025) similarly reported a wide range of variability for quantitative traits in melon.
3.2 Phenotypic and genotypic coefficient of variation
[bookmark: _Hlk112063630]Phenotypic and genotypic coefficients of variation (PCV and GCV) were assessed to determine the degree of variability and the intensity of environmental effect on trait expression (Table 3). The traits like average fruit weight, fruit length, node to first male flower, fruit shape index, node to first female flower and cavity width all had high PCV and GCV (>20%) values. Similar findings were also reported for most of the traits i.e., for average fruit weight in snapmelon (Pasha et al., 2019; Jadhav et al., 2025); in oriental melon (Lakshmi et al., 2017) and in muskmelon (Indraja et al., 2021; Tara et al., 2023); fruit length in snapmelon (Jadhav et al., 2025) and in acidulous melon (Sowmya et al., 2023); node to first female flower (Lakshmi et al., 2017). On the other hand, moderate estimates for PCV and GCV (10-20%) were recorded for fruit diameter, total soluble solids, flesh thickness, days to first male flower anthesis and days to first female flower anthesis. The observations are in line with the findings for TSS in snapmelon (Jadhav et al., 2025).  Low PCV and GCV was not observed in the current study. PCV was marginally higher than GCV for all the traits under study, suggesting that both genotypic and environmental variables contributed to the variance, with a greater degree of genotypic interaction than environmental effects on the expression of these traits. This result is in line with earlier research as Indraja et al. (2021) has only found slight differences between PCV and GCV, indicating that environment has limited effect on trait expression, while higher differences is observed in muskmelon (Tara et al., 2023) and in snapmelon (Pasha et al., 2019). High PCV and GCV estimations indicate that the genotypes have a lot of genetic variations, which means that there is lot of scope for crop improvement through selection to improve these traits. Although the current study found that the genotypic and phenotypic coefficients are nearly equal, selection based on phenotypic expression solely should be avoided because these quantitative traits have a significant of environmental influence. As a result, the study can be repeated in a different location or during a different season to provide a more accurate picture of the trait.
3.3 Heritability and Genetic Advance
[bookmark: _Hlk93918402]Breeders utilize the heritability estimate as a helpful guide when selecting the appropriate genotype to predict the desired increase of a characteristic through phenotypic selection, although it is not a reliable indicator to predict inheritance of traits. It determines the response to selection, making it one of the key elements in quantitative genetics. In a non-segregating population, heritability is defined as the ratio of genotypic variance to total variance. High heritability estimates (>80%) were recorded in all the traits studied (Table 3), which is almost in conformity with Samadia and Ram (2025) in snapmelon. Traits like TSS in muskmelon (Indraja et al., 2021; Tara et al., 2023), flesh thickness in muskmelon (Indraja et al., 2021; Tara et al., 2023), in oriental pickling melon (Lakshmi et al., 2017) and fruit length, fruit diameter, average fruit weight, days to first male flower anthesis and days to first female flower anthesis in snapmelon (Jadhav et al., 2025) were also reported with high heritability estimates. Genetic advance at 5% was found highest in average fruit weight (463.45) and least in FSI (0.72). Selection can be based on phenotypic performance for highly heritable traits. However, it is more desirable is possible to identify heritable variation more accurately when heritability is conducted in conjunction with genetic advance as per cent of mean. High heritability (>80%) coupled with high genetic advance as per cent of mean (>30%) was observed for average fruit weight, fruit length, node to first male flower, FSI, node to first female flower, cavity width, fruit diameter, TSS and flesh thickness. Our study aligned with earlier reports for traits like flesh thickness and cavity width in pickling melon (Lakhsmi et al., 2017); node to first female flower, fruit length and average fruit weight in snapmelon (Pasha et al., 2019); Fruit shape index, average fruit weight, flesh thickness and TSS  in muskmelon (Indraja et al., 2021); fruit diameter, fruit length, average fruit weight and flesh thickness in acidulous melon (Sowmya et al., 2023); flesh thickness and TSS in muskmelon (Tara et al., 2023); fruit length, average fruit weight and flesh thickness in snapmelon (Jadhav et al., 2025); fruit length and average fruit weight in snapmelon (Samadia and Ram, 2025).

4. CONCLUSION
In the present investigation on 41 genotypes of native melon, wide range of variability was observed in the study. The minimal PCV and GCV differences, suggest least environmental influence of the trait. Similarly, high heritability estimated coupled with high genetic advance as per cent of mean suggested the predominance of additive gene action, making selection effective for genetic improvement. To gain a more accurate knowledge of trait stability and performance, further testing in comparable and different situations is advised, nevertheless, as these are quantitative traits that are still susceptible to environmental influences. These genotypes can also be screened for resistance or tolerance to diseases and pests, given the global importance of the Indian melon gene pool in resistance breeding. The results of this study will be useful in developing a plan and strategy for a melon breeding programme that uses landraces and wild relatives.
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Table 1. Genotypes of melon evaluated in the present study
	SN
	Genotype
	Varietal groups
	SN
	Genotype
	Varietal groups

	1
	DSM-11-1
	momordica
	22
	DG-12-1
	callosus

	
	
	
	
	
	

	2
	DSM-11-2
	momordica
	23
	DG-12-2
	callosus

	3
	DSM-11-3
	momordica
	24
	DG-12-3
	callosus

	4
	DSM-11-4
	momordica
	25
	DG-12-4
	callosus

	5
	DSM-11-5
	momordica
	26
	DG-12-5
	callosus

	6
	DSM-11-6
	momordica
	27
	DSM-13-1
	momordica

	7
	DSM-11-7
	momordica
	28
	DSM-13-2
	momordica

	8
	DSM-11-8
	momordica
	29
	SM-1
	momordica

	9
	DSM-11-9
	momordica
	30
	SM Black Round
	momordica

	10
	DSM-11-10
	momordica
	31
	SM Bagpat-1
	momordica

	11
	DSM-11-11
	momordica
	32
	DSM 19
	momordica

	12
	DSM-11-12
	momordica
	33
	SM Bagpat-2
	momordica

	13
	DSM-11-13
	momordica
	34
	CM17187
	momordica

	14
	DSM-11-14
	momordica
	35
	Assam Siral
	momordica

	15
	DSM-11-15
	momordica
	37
	DSM-12-1
	momordica

	16
	DSM-11-16
	momordica
	36
	DSM-12-2
	momordica

	17
	DSM-11-17
	momordica
	38
	DSM-12-3
	momordica

	18
	DSM-11-18
	momordica
	39
	AHS-10
	momordica

	19
	DSM-11-19
	momordica
	40
	Kerala Oriental Melon
	conomon

	20
	DSM-11-20
	momordica
	41
	Oriental Melon
	conomon

	21
	DSM-11-21
	momordica
	
	
	



Table 2. Mean performance of eleven traits evaluated in the study
	SN
	Genotypes
	DTMF
	DTFF
	NTMF
	NTFF
	AFW
	FL
	FD
	FT
	CW
	TSS
	FSI

	1
	DSM-11-1
	28.88
	35.03
	2.58
	5.55
	694.10
	12.85
	10.87
	1.94
	6.38
	6.20
	1.18

	2
	DSM-11-2
	40.11
	44.09
	3.26
	7.28
	384.75
	7.93
	6.75
	1.35
	4.08
	5.06
	1.18

	3
	DSM-11-3
	42.97
	49.79
	2.61
	5.71
	435.58
	8.21
	7.20
	1.55
	4.10
	4.91
	1.14

	4
	DSM-11-4
	33.69
	36.42
	3.50
	6.44
	480.18
	8.90
	7.40
	1.50
	4.60
	5.11
	1.20

	5
	DSM-11-5
	34.71
	40.13
	5.21
	8.11
	560.96
	10.66
	8.10
	1.55
	4.73
	5.35
	1.32

	6
	DSM-11-6
	31.38
	38.66
	5.25
	7.62
	508.81
	10.14
	7.80
	1.73
	6.11
	5.98
	1.30

	7
	DSM-11-7
	33.81
	38.57
	4.68
	6.67
	606.80
	12.69
	11.11
	1.62
	7.36
	5.86
	1.15

	8
	DSM-11-8
	34.20
	37.89
	4.41
	6.82
	730.91
	14.72
	11.40
	2.18
	7.11
	5.71
	1.29

	9
	DSM-11-9
	30.82
	38.28
	2.40
	5.40
	447.69
	7.99
	6.76
	1.65
	3.41
	5.96
	1.19

	10
	DSM-11-10
	39.67
	44.88
	3.21
	5.25
	620.99
	11.59
	10.01
	1.87
	6.31
	6.51
	1.16

	11
	DSM-11-11
	34.10
	36.83
	3.38
	7.16
	441.33
	11.06
	7.65
	1.53
	4.82
	5.54
	1.45

	12
	DSM-11-12
	37.13
	48.54
	5.09
	6.64
	566.46
	13.37
	9.72
	2.43
	5.11
	3.86
	1.38

	13
	DSM-11-13
	32.38
	42.71
	4.69
	6.56
	691.76
	12.84
	10.54
	2.07
	6.07
	5.20
	1.22

	14
	DSM-11-14
	29.14
	39.64
	2.42
	5.38
	489.63
	12.03
	9.54
	1.72
	5.76
	5.13
	1.26

	15
	DSM-11-15
	35.35
	41.07
	3.43
	5.33
	484.81
	12.14
	9.32
	2.03
	4.61
	6.26
	1.31

	16
	DSM-11-16
	42.55
	50.75
	3.68
	6.33
	682.67
	11.94
	8.56
	1.86
	4.57
	6.21
	1.39

	17
	DSM-11-17
	35.28
	41.64
	2.34
	4.18
	699.90
	11.80
	12.19
	2.18
	5.95
	6.45
	0.97

	18
	DSM-11-18
	31.74
	38.30
	2.72
	5.10
	469.25
	12.66
	10.66
	1.82
	5.92
	6.04
	1.19

	19
	DSM-11-19
	29.33
	33.17
	1.70
	4.30
	529.68
	12.11
	10.49
	2.16
	5.67
	5.20
	1.16

	20
	DSM-11-20
	30.61
	32.45
	2.10
	4.67
	561.03
	12.97
	11.25
	1.96
	6.93
	5.81
	1.15

	21
	DSM-11-21
	32.83
	36.40
	3.61
	5.94
	632.73
	12.45
	9.83
	1.95
	6.04
	7.36
	1.27

	22
	DG-12-1
	32.94
	37.19
	2.32
	4.00
	324.02
	6.28
	9.08
	2.06
	4.54
	4.25
	0.69

	23
	DG-12-2
	33.86
	38.60
	2.09
	3.77
	341.67
	5.50
	8.76
	1.81
	4.29
	3.60
	0.63

	24
	DG-12-3
	31.66
	40.95
	1.82
	3.32
	326.57
	5.81
	8.84
	1.65
	4.28
	3.94
	0.66

	25
	DG-12-4
	29.97
	37.44
	2.09
	5.09
	363.03
	6.86
	10.89
	2.06
	5.52
	3.73
	0.63

	26
	DG-12-5
	31.32
	35.15
	2.91
	4.80
	358.80
	6.82
	10.29
	1.87
	5.80
	3.95
	0.66

	27
	DSM-13-1
	37.10
	43.20
	5.82
	7.41
	1236.42
	23.91
	10.29
	2.13
	5.72
	6.42
	2.33

	28
	DSM-13-2
	42.36
	46.13
	6.65
	8.44
	1084.75
	20.52
	10.81
	1.85
	5.72
	5.81
	1.90

	29
	SM-1
	31.16
	48.72
	2.56
	3.68
	385.25
	6.39
	8.04
	1.47
	4.34
	4.35
	0.80

	30
	SM Black Round
	37.26
	45.10
	2.96
	3.86
	391.19
	6.76
	5.33
	1.48
	2.91
	3.87
	1.27

	31
	SM Bagpat-1
	43.15
	49.42
	3.10
	6.51
	596.37
	11.46
	10.17
	1.83
	5.04
	4.24
	1.13

	32
	DSM 19
	34.17
	46.66
	5.80
	10.69
	1094.98
	19.34
	12.14
	2.90
	5.88
	6.58
	1.60

	33
	SM Bagpat-2
	38.83
	44.42
	2.44
	4.58
	613.34
	12.36
	10.37
	1.85
	6.33
	5.89
	1.19

	34
	CM17187
	37.29
	45.68
	3.40
	5.44
	544.39
	11.71
	6.97
	1.69
	4.66
	5.75
	1.68

	35
	Assam Siral
	41.01
	47.33
	5.11
	7.70
	498.36
	10.90
	8.55
	1.44
	5.05
	5.61
	1.27

	37
	DSM-12-1
	35.18
	40.03
	1.78
	3.41
	443.30
	9.99
	7.60
	1.78
	4.62
	6.27
	1.32

	36
	DSM-12-2
	33.25
	36.20
	2.68
	3.08
	439.99
	8.73
	6.70
	1.64
	3.55
	5.88
	1.30

	38
	DSM-12-3
	30.85
	34.42
	3.13
	6.39
	590.80
	12.60
	10.26
	1.90
	6.20
	6.50
	1.23

	39
	AHS-10
	42.21
	48.06
	2.53
	4.66
	584.28
	13.65
	7.42
	1.92
	4.20
	4.93
	1.85

	40
	Kerala Oriental Melon
	42.37
	46.11
	3.66
	5.23
	1263.57
	24.17
	13.05
	2.46
	7.41
	6.06
	1.86

	41
	Oriental Melon
	44.05
	51.35
	3.42
	5.65
	634.37
	19.45
	11.37
	2.06
	5.65
	5.57
	1.71

	
	Mean
	35.38
	41.64
	3.38
	5.71
	581.35
	11.81
	9.37
	1.87
	5.30
	5.44
	1.26

	
	C.V.
	5.41
	4.41
	9.28
	10.68
	4.99
	4.72
	5.16
	5.28
	4.79
	5.46
	6.90

	
	S.E.
	1.11
	1.06
	0.18
	0.35
	16.75
	0.32
	0.28
	0.06
	0.15
	0.17
	0.05

	
	C.D. 5%
	3.11
	2.98
	0.51
	0.99
	47.15
	0.91
	0.79
	0.16
	0.41
	0.48
	0.14





Table 3. Estimates of range, grand mean and variability parameters in melon genotypes
	
	Range
	Grand mean
	ECV (%)
	GCV (%)
	PCV (%)
	h² (%)
	Gen.  Adv. 5%
	Gen. Adv as % of Mean 5%

	DTMF
	28.88–44.05
	35.38
	5.41
	12.36
	12.75
	94.00
	8.73
	24.68

	DTFF
	32.45–51.35
	41.64
	4.41
	12.39
	12.65
	95.90
	10.41
	25.00

	NTMF
	1.70–6.65
	3.38
	9.28
	36.41
	36.80
	97.90
	2.51
	74.20

	NTFF
	3.08–10.69
	5.71
	10.68
	27.17
	27.87
	95.10
	3.12
	54.59

	AFW
	324.02–1263.5
	581.35
	4.99
	38.81
	38.91
	99.50
	463.45
	79.72

	FL
	5.50–24.17
	11.81
	4.72
	37.55
	37.65
	99.50
	9.11
	77.15

	FD
	5.33–13.05
	9.37
	5.16
	18.94
	19.17
	97.60
	3.61
	38.54

	FT
	1.35–2.90
	1.87
	5.28
	16.17
	16.46
	96.60
	0.61
	32.74

	CW
	2.91–7.41
	5.30
	4.79
	20.02
	20.21
	98.10
	2.17
	40.85

	TSS
	3.60–7.36
	5.44
	5.46
	16.90
	17.19
	96.60
	1.86
	34.23

	FSI
	0.63–2.33
	1.26
	6.90
	28.03
	28.31
	98.00
	0.72
	57.16
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Fig. 1 Landraces and native wild agrestis melon used in the study
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