Assessment of phenotypic variability in snapmelon landraces and inbred lines of Karnataka,India
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ABSTRACT

	Aims: The study aimed to collect and evaluate snapmelon (momordica sp.) landraces and inbred lines from Karnataka to assess phenotypic variability for important morphological and quality traits, to identify promising lines for snapmelon improvement and conservation.
Study Design: The experiment was conducted at the College of Horticulture, Bengaluru, using a Randomised Complete Block Design (RCBD) with 22 accessions of snapmelon collected from different regions of Karnataka.
Methodology: Thirteen landraces and nine inbred lines were grown under recommended agronomic practices. Observations were recorded on flowering traits, fruit length, width, pulp thickness, pulp colour, taste, cracking tendency, and total soluble solids (TSS). The data were analysed using ANOVA to estimate variability among the accessions.
Results: Wide variability was observed for each of the selected traits among 13 landraces and 9 inbred lines. Significant differences were found for flowering behaviour, fruit size, pulp quality, colour, taste, and TSS content. Some accessions showed desirable traits such as higher sweetness, better pulp thickness, and attractive colour, while others displayed resistance to cracking, a common issue due to the thin exocarp. This variability highlighted the potential of certain landraces as breeding material for improving fruit quality and stress tolerance in snapmelon.
Conclusions: Evaluation also highlighted specific genotypes with superior traits that can be effectively utilized in breeding programs aimed at improving disease resistance, fruit shelf life, and nutritional quality. Notably, some accessions demonstrated tolerance to fruit cracking  a major constraint in snapmelon production, making them potential candidates for developing more resilient cultivars.
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1. INTRODUCTION

Snapmelon (Momordica sp.) is an important horticultural crop with the global cultivation area of 0.066Mha and the yield of 1.49 million tonnes (MoA & FW, 2023-24). In India, landraces of snapmelon are grown for traditional uses. Despite its short shelf life and fruit-bursting trait, snapmelon contributes disease resistance genes indispensible for global melon improvement (Pitrat and Besombes, 2008; Dhillon et al., 2012). Snapmelon exhibits wide genetic variations based on its morpho-physiological traits. India is one of the countries with snapmelon diversification, where several landraces are cultivated across different geographical locations (Fergany et al., 2011; Reddy et al., 2016; Shivapriya et al., 2021). Though snapmelon has high demand in local markets but the area under cultivation is gradually decreasing significantly. Moreover,the cultivation of high-yielding, quality melon varieties bred for larger markets is causing reduction of their genetic diversity. In Indian native, snapmelon (Momordica) shows considerable genetic variability in traits such as fruit cracking, peeling patterns, and others (Dhillon et al., 2007); the very thin exocarp of the fruits causes peeling and splitting at maturity (Pitrat, 2016). In southern Kerala, snapmelon is cultivated on a large scale mainly for juice production (Pareek et al., 1999). In Karnataka, cultivation is primarily household-based. Ripe fruits are often consumed with sugar or jaggery. Some accessions have demonstrated resistance to powdery and downy mildew (Fergany et al., 2011; Shivapriya et al., 2021). Keeping eyes on nutritional benefits, improvement and conservation the present study was aimed to assess phenotypic variability among various snapmelon landraces and inbreds of Karnataka. 

2. material and methods 

Samples of snapmelon landraces were collected from diverse agro-climatic zones to ensure genetic and morphological diversity (Table 1). The study included 22 snapmelon landraces belonging to the momordica botanical group, which were selfed under insect-proof polyhouse conditions. Field trial of these landraces was conducted during April–July 2024 at the Regional Horticultural Research and Extension Centre, Bengaluru, under the University of Horticultural Sciences, Bagalkot. The experiment was arranged in a randomized block design with two replications. Seeds were initially sown in protrays, and the seedlings, raised until the two true leaf stage, were transplanted with a spacing of 0.45 m within rows and 2 m between rows.

Observations included critical floral and fruit-related traits such as days to the first male flower, days to the first female flower, ovary dimensions (length and width in cm), pubescence, sex expression, and days to the first fruit maturity (from planting to harvest). Fruit traits measured included length (cm), diameter (cm), weight (kg), shape in longitudinal section (ratio of length to maximum diameter), seed cavity diameter (cm), rind colour, surface netting, patches, sutures, and suture colour. Additionally, traits like fruit cracking (splitting) at maturity, presence of hollow spaces, flesh thickness (cm), flesh colour, and seed dimensions (length and width in mm) were evaluated. 

Floral and morphological observations were primarily recorded following the DUS (Distinctiveness, Uniformity, and Stability) guidelines under the PPV & FRA (Protection of Plant Varieties and Farmers’ Rights Act) framework for melon (Choudhary et al., 2015). Traits such as fruit number per plant, fruit cracking, hollow presence, and shelf life were measured separately. Flesh thickness was assessed at the point of maximum fruit diameter, while shelf life was gauged by the number of days the fruit retained freshness at post-harvest. Total soluble solids (TSS) were measured using homogenized flesh and a hand refractometer (Atago digital pocket refractometer) to determine sweetness in 0brix. The detailed phenotyping provided comprehensive insights into the variability and potential of these landraces for breeding programs.

Table 1.  Source of landraces and developed inbred lines of snapmelon included in the study

	Sl. No.
	Accession no. and their local 
names
	Source of germplasm
	Vernacular/ local name

	1
	COH 01
	Kerala
	Pottuvellari

	2
	COH 02
	Kerala
	Ashtamichera

	3
	COH 03
	Ajjampura, Chikkamaglore(Dist).
	Kekkarike

	4
	COH 04
	Kolgunsi, Soraba(T), Shivamogga (Dist)
	Kekkarale

	5
	COH 05
	Chikkasvi, Soraba (T), Shivamogga (Dist)
	Kekkarale

	6
	COH 06
	Shiralakoppa, Shikaripura(T), Shivamogga (Dist)
	Kekkarale

	7
	COH 07
	Nyamathi, Honnali (T), Davanagere (Dist)
	Kekkarike

	8
	COH 08
	Arasikere, Hassan (D)
	Kekkarike

	9
	COH 09
	Honnavara, Uttarakannada (D)
	Ebbetlu

	10
	COH 10
	Kotamballi, Chamarajanagar
	Minake 1

	11
	COH 11
	Madhuvanahalli, Chamarajanagar
	Minake 2

	12
	COH 12
	Chikkasvi, Soraba (T), Shivamogga (Dist) Variegated
	Kekkarale

	13
	COH 13
	Arasikere, Hassan (D) Variegated
	Kekkarike

	14
	COH 38
	Indi, Bijapur
	Puttikaayi

	15
	RIL 6.14
	Developed Inbred lines derived by crossing snapmelon (IC632170) X Kashi Madhu (Rashmi, 2023)
	Genetically homozygous  and advanced lines

	16
	RIL 6.8
	
	

	17
	RIL 7.2
	
	

	18
	RIL 9.3
	
	

	19
	RIL 25
	
	

	20
	RIL 48
	
	

	21
	RIL 74.1
	
	

	22
	RIL 74.2
	
	




3. results and discussion

Evaluation of 22 snapmelon landraces including inbred lines revealed significant differences in flowering, fruiting, and morphological traits, highlighting their potential for genetic improvement (Table 2). The earliest male and female flowerings were observed in COH 38 (25.3 days) and COH 01 (33.9 days), respectively, while COH 08 exhibited the longest durations for both the traits. Maturity also varied widely, with COH 02 matured in 59.5 days and COH 08 took the longest period, 104.13 days. Fruit traits showed notable variation, with ovary length ranging from 1.01 cm in RIL 74.1 to 2.4 cm in COH 01, and fruit weights spanning 0.67 kg in COH 38 to 4.37 kg in COH 12. Similarly, fruit length and diameter were highly variable, with maximum values recorded at 34.53 cm in COH 01 and 15.9 cm in RIL 25, respectively. Pulp thickness ranged from 2.01 cm in COH 38 to 5.06 cm in COH 05, and pulp recovery reached a peak of 87.22% in RIL 25. Yield per plant varied significantly, with COH 01 produced up to 6.71 kg, the highest among the accessions.
Qualitative traits further underscored the diversity (Table 3), with seven accessions displayed lobed leaves and five exhibited dentations. Ovary pubescence ranged from dense to sparse, while sex expression showed a predominance of monoecious forms (14 accessions) over andromonoecious forms (8 accessions). Fruit shapes were predominantly oval, followed by round and elongated forms, with skin colours varied from cream and yellow-green to orange. Most accessions exhibited non-netted fruit surfaces, and 15 showed visible sutures with green or yellow colours. Distinct traits included bursting tendencies in 10 accessions, splitting in three, and hollowness in 14 accessions. Flesh colour ranged from white to orange, further emphasized the inherent richness of these accessions.  

Snapmelon accessions displayed remarkable morphological dissimilarity, underscored their genetic variability and potential for breeding improvements (Sudhakara and Manchali 2016). Significant differences were observed in flowering traits, with COH 38 and COH 01 exhibited the earliest male and female flowerings, respectively, while COH 08 showed the latest. These traits aligned with findings from studies on melon landraces and F2 populations (Kavya, 2017). Variation in days to first fruit harvest was also notable, with early maturity in COH 02, consistent with reports by Malik et al. (2014) and Fergany et al. (2011). Fruit characteristics such as size, weight, and pulp thickness varied widely, influenced by genetic and environmental factors (Ref.).  The accession, COH 12 produced the heaviest fruits, while COH 38 yielded the smallest fruits with a higher count per plant, almost same results were obtained by Rakhi and Rajmony (2005). Pulp thickness, a key economic trait, ranged from very thick in COH 05 to thin in COH 38, thicker pulp was associated with smaller seed cavities, as noted by Dwivedi et al. (2010). Total soluble solids (TSS), the critical sweetness indicator, varied significantly, with the highest level in RIL 74.1, similar to findings revealed by Stepansky et al. (1999). Seed dimensions also differed, with maximum seed length in COH 02 and width in COH 01, consistent with Yi et al. (2009). These findings highlighted the extensive genetic variation across snapmelon accessions, providing valuable options for breeders to enhance traits like yield, fruit quality, and adaptability of snapmelon.

An analysis of 22 snapmelon accessions revealed substantial variability in qualitative traits, highlighted their genetic diversity and potential for breeding. Leaf morphology varied significantly, with seven accessions exhibited lobed leaves and five showed strong dentition, consistent with observations by Kallo et al. (1983). Sex expression was predominantly monoecious in 14 and andromonoecious in 8 accessions reflected genetic complexity as noted by Poole and Grimball (1939) and Stepansky et al. (1999). Ovary pubescence ranged from dense to sparse, aligned with findings by Jeffrey (1980) and Choudhary et al. (2015). Fruit shapes displayed polymorphism, with oval forms being most common, consistent with studies by Sudhakara (2014) and Pitrat (2016). The maximum fruit diameter was primarily in the middle, as observed by Sudhakara (2014), while skin colors varied from cream to orange, influenced by ethylene’s role in pigmentation (Guiset al., 1997). Common traits such as sutures and sparse fruit patches mirrored earlier findings by Stepansky et al. (1999) and Perin et al. (1999). Surface netting appeared in only two accessions, as noted by Karchiet al. (1977), while flesh colors ranged from white to orange, driven by carotenoid genetics (Monforte et al., 2004). Fruit cracking, documented in 10 genotypes, correlated with high ethylene production, echoed Sudhakara's (2014) findings. Hollow fruit interiors, impacted flesh thickness, further highlighted the influence of genetic and environmental factors (Pitrat, 2016). These qualitative variations demonstrated the rich genetic diversity within snapmelon, providing valuable traits for breeding programs aimed at enhancing fruit quality, adaptability, and marketability.








Table 2. Characterization of snapmelon landraces and inbred lines based on quantitative descriptors of the sex expression, ovary and fruit traits

	Landraces/inbreds
	DMF
	DFF
	DM
	OL
	OW
	AFW
	NFP
	FL
	PT
	FD
	SC
	YPP
	PPR
	TSS
	SL
	SW

	COH 01
	29.10
	33.90
	73.13
	2.40
	0.78
	1.91
	2.70
	34.53
	3.20
	12.69
	6.19
	6.63
	83.20
	3.46
	9.50
	5.00

	COH 02
	34.10
	41.20
	59.50
	2.31
	0.73
	1.54
	2.55
	30.10
	2.91
	11.81
	6.29
	4.95
	80.04
	3.38
	9.60
	4.60

	COH 03 
	37.20
	46.40
	69.25
	1.48
	0.65
	1.03
	1.50
	23.75
	3.25
	11.50
	4.75
	1.20
	77.76
	4.93
	9.05
	4.75

	COH 04
	47.00
	57.50
	84.25
	1.51
	0.60
	0.98
	1.50
	20.75
	2.88
	11.50
	5.50
	3.05
	80.27
	3.95
	7.20
	4.20

	COH 05 
	34.50
	44.00
	93.00
	1.55
	0.67
	3.21
	1.50
	34.50
	5.06
	15.25
	4.75
	3.15
	78.25
	3.95
	9.00
	4.45

	COH 06
	37.00
	48.60
	82.63
	1.15
	0.62
	0.89
	1.83
	13.50
	2.49
	10.30
	5.33
	1.98
	78.95
	5.74
	7.70
	4.00

	COH 07
	39.30
	46.70
	76.75
	1.48
	0.53
	1.38
	2.60
	19.73
	3.06
	11.51
	6.99
	1.87
	78.60
	3.25
	7.55
	4.00

	COH 08 
	48.00
	63.00
	104.13
	1.52
	0.56
	1.69
	2.00
	19.83
	2.98
	11.92
	2.96
	2.75
	83.84
	3.10
	8.45
	4.40

	COH 09
	34.50
	40.80
	76.63
	2.11
	0.74
	1.63
	2.33
	27.71
	3.06
	12.15
	6.02
	4.39
	85.38
	3.59
	8.20
	4.65

	COH 10
	40.10
	49.50
	96.13
	1.02
	0.65
	0.84
	2.63
	16.56
	2.88
	11.88
	5.83
	2.55
	74.34
	4.35
	8.55
	4.00

	COH 11
	38.10
	49.50
	82.38
	1.28
	0.66
	0.76
	1.00
	16.00
	2.35
	11.50
	5.05
	4.25
	76.92
	6.75
	7.00
	3.50

	COH 12
	38.00
	43.00
	91.00
	1.56
	0.66
	4.37
	2.00
	28.50
	5.05
	14.25
	5.00
	4.43
	81.63
	3.40
	9.00
	4.45

	COH 13
	48.00
	62.00
	103.38
	1.52
	0.62
	3.02
	1.66
	32.10
	3.90
	13.70
	5.80
	1.61
	80.28
	3.25
	8.90
	4.70

	COH 38 
	25.30
	37.00
	72.50
	1.15
	0.73
	0.67
	2.80
	13.91
	2.01
	8.86
	4.58
	1.99
	69.45
	3.16
	8.70
	4.80

	RIL 6.14
	36.70
	48.70
	82.00
	1.44
	0.63
	1.17
	1.98
	15.37
	2.90
	13.66
	6.74
	2.39
	81.78
	3.83
	9.00
	4.55

	RIL 6.8
	34.10
	50.40
	72.25
	1.34
	0.66
	0.83
	1.71
	12.72
	2.55
	11.23
	5.55
	2.30
	75.72
	5.77
	8.55
	4.00

	RIL 7.2
	34.20
	45.80
	95.50
	1.31
	0.64
	0.88
	2.31
	12.28
	2.46
	10.73
	5.12
	2.98
	77.04
	4.67
	8.55
	4.00

	RIL 9.3
	43.70
	52.00
	76.75
	1.51
	0.63
	1.22
	1.98
	15.04
	3.00
	12.55
	5.91
	2.77
	82.98
	6.49
	8.65
	4.60

	RIL 25
	31.60
	40.10
	82.88
	1.05
	0.61
	2.02
	1.46
	17.44
	4.53
	15.90
	6.40
	5.48
	87.22
	6.30
	9.55
	4.10

	RIL 48
	39.30
	50.50
	87.75
	1.52
	0.66
	2.34
	1.13
	29.00
	4.10
	14.50
	6.10
	2.32
	85.84
	3.10
	7.20
	4.20

	RIL 74.1
	43.10
	52.60
	83.63
	1.01
	0.64
	0.78
	1.13
	12.25
	2.85
	11.25
	4.78
	1.80
	61.33
	7.10
	9.00
	4.45

	RIL 74.2
	32.10
	41.50
	81.25
	1.28
	0.62
	1.09
	2.17
	15.96
	2.62
	12.08
	6.79
	3.73
	81.30
	5.32
	8.45
	4.00

	Mean
	37.50
	47.49
	83.03
	1.48
	0.65
	1.56
	1.93
	20.98
	3.19
	12.30
	5.56
	3.12
	79.19
	4.49
	8.52
	4.34

	CV (%)
	11.82
	9.58
	2.83
	4.83
	3.65
	7.34
	20.17
	8.25
	14.11
	9.47
	8.87
	10.73
	5.31
	7.92
	1.46
	2.12

	CD @ 5%
	9.22
	9.46
	4.89
	0.15
	0.35
	0.48
	0.81
	3.60
	0.93
	2.42
	1.03
	0.35
	8.74
	0.74
	0.03
	0.02

	SE m±
	3.14
	3.22
	1.66
	0.05
	0.02
	0.16
	0.28
	1.22
	0.32
	0.82
	0.35
	0.12
	2.97
	0.25
	0.01
	0.01

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	




DMF = Days to 1st male flower; DFF = Days to 1st female flowering; DM= Days to maturity; OL= Ovary length (cm); 
OW= Ovary width (cm); AFW= Average fruit weight(kg); NFP= Number of fruits per plant; FL= Fruit length (cm)  
PT= Pulp thickness (cm); FD= Fruit diameter (cm); SC= Seed cavity (cm); YPP=  Yield per Plant (Kg)     
PPR= Percent pulp recovery (%); TSS=TSS (0Brix); SL= Seed length (mm); SW= Seed width (mm)   


















Table 3. Characterization of snapmelon landraces and inbred lines based on qualitative descriptors of the sex expression, ovary and fruit traits
	Laandraces/Inbreds
	LL
	LD
	SE
	OP
	FS
	FSC
	FP
	FSPE
	FSBE
	PMD
	NT
	SS
	SC
	FLC
	FB
	FSP
	SCH

	COH 01
	L
	ND
	M
	S
	Cl
	YG
	P
	P
	R
	TB
	A
	P
	Y
	W
	P
	A
	A

	COH 02
	L
	ND
	M
	S
	Cl
	YG
	P
	P
	R
	TB
	A
	P
	G
	W
	P
	A
	P

	COH 03 
	NL
	D
	M
	S
	Ol
	YG
	A
	R
	R
	AM
	A
	A
	G
	LO
	P
	A
	P

	COH 04
	L
	D
	M
	S
	Ol
	YG
	P
	P
	P
	AM
	A
	A
	G
	W
	A
	P
	A

	COH 05 
	NL
	ND
	M
	S
	Ol
	G
	P
	R
	R
	AM
	A
	P
	G
	W
	A
	A
	A

	COH 06
	NL
	ND
	M
	S
	Eg
	YG
	P
	T
	T
	AM
	A
	A
	G
	LO
	A
	A
	A

	COH 07
	NL
	ND
	M
	D
	Ol
	O
	P
	T
	T
	AM
	A
	P
	Y
	W
	P
	A
	P

	COH 08 
	NL
	ND
	M
	D
	Ol
	C
	P
	R
	R
	AM
	A
	P
	G
	W
	P
	A
	P

	COH 09
	L
	ND
	M
	S
	Cl
	C
	P
	P
	T
	TB
	A
	P
	G
	LO
	A
	P
	A

	COH 10
	L
	ND
	AM
	S
	Ol
	Y
	P
	P
	T
	AM
	A
	P
	Y
	O
	P
	A
	P

	COH 11
	NL
	D
	AM
	S
	Ol
	YG
	P
	P
	R
	AM
	A
	P
	Y
	LO
	P
	A
	P

	COH 12
	NL
	ND
	M
	S
	Ol
	G
	P
	R
	R
	AM
	A
	P
	G
	W
	P
	A
	A

	COH 13
	NL
	ND
	M
	D
	Ol
	C
	P
	P
	R
	TB
	A
	P
	G
	W
	P
	A
	P

	COH 38 
	L
	ND
	M
	S
	Ol
	C
	A
	T
	T
	AM
	A
	A
	G
	LO
	A
	P
	A

	RIL 6.14
	NL
	D
	AM
	D
	R
	YG
	P
	T
	T
	AM
	A
	A
	G
	LO
	A
	A
	P

	RIL 6.8
	NL
	ND
	AM
	D
	Eg
	YG
	P
	P
	R
	AM
	A
	P
	G
	LO
	A
	A
	A

	RIL 7.2
	NL
	ND
	AM
	D
	Eg
	YG
	P
	R
	R
	AM
	A
	P
	Y
	LO
	A
	A
	P

	RIL 9.3
	L
	ND
	M
	D
	Eg
	Y
	P
	R
	R
	AM
	A
	P
	Y
	LO
	A
	A
	P

	RIL 25
	NL
	ND
	AM
	D
	R
	G
	P
	T
	T
	AM
	P
	P
	G
	O
	A
	A
	P

	RIL 48
	NL
	D
	M
	S
	Ot
	C
	P
	P
	P
	TB
	A
	A
	G
	W
	P
	A
	P

	RIL 74.1
	NL
	ND
	AM
	D
	R
	C
	P
	T
	T
	AM
	P
	P
	G
	O
	A
	A
	P

	RIL 74.2
	NL
	ND
	AM
	D
	Ol
	YG
	P
	R
	R
	AM
	A
	A
	G
	O
	A
	A
	P


 LL, leaf lobe (L, lobed; NL, non lobed); LD, leaf dentition (D, dentition; ND, no dentition); SE, sex expression (M, monoecious; AM, andromonoecious); OP, ovary pubescence (S, sparse; D, dense); FS, fruit shape (Ot, ovate; Ol, oval; R, round; Eg, elongated globe; Cl, cylindrical); FSC, fruit skin colour (O, orange; C, cream; YG, yellow green; Y, yellow; G, green); FP, fruit patches (P, present; A, absent); FSPE, fruit shape at peduncle end (P, pointed; R, round; T, truncate); FSBE, fruit shape at blossom end (P, pointed; R, round; T, truncate);  PMD, position of maximum diameter of fruit (TS, towards stem end; AM, at middle; TB, towards blossom end); NT, netting (P, present; A, absent); SS, sutures (P, present; A, absent); SC, suture colour (Y, yellow; G, green); FLC, flesh colour (O, orange; LO, light orange; C, cream; W, white; G, green); FB, fruit burst (P, present; A, absent); FSP, fruit splitting (P, present; A, absent); SCH,seed cavity hallow (P, present; A, absent). 






4. Conclusion

The study confirmed the presence of substantial phenotypic variability among 13 landraces and 9 inbreds of snapmelon available in Karnataka. These underutilised genetic resources can be effectively used in snapmelon improvement programmes for disease resistance, fruit qualities and conservation.  Additionally, its use in juice and value-added products could enhance commercial cultivation and revive interest in this indigenous crop, like snapmelon.
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