Quantitative Genetic Analysis of Yield and Yield Components in Bitter Gourd (Momordica charantia L.) Genotypes

ABSTRACT
Bitter gourd (Momordica charantia L.) is an important vegetable crop valued for its nutritional and medicinal properties. The present study was undertaken to assess genetic variability, heritability and genetic advance for yield and yield-related traits in 68 bitter gourd genotypes evaluated during late kharif 2024-25 in a Randomized Block Design with two replications. Analysis of variance revealed significant differences among genotypes for all the characters studied, indicating the presence of substantial variability. Phenotypic coefficient of variation (PCV) values were slightly higher than genotypic coefficient of variation (GCV) for all traits, suggesting minor environmental influence. High GCV and PCV were observed for fruit yield per vine, fruit yield per hectare, average fruit weight, vine length and ascorbic acid content. Heritability estimates ranged from 51.00% to 99.00%, while genetic advance as per cent of mean varied from 8.58% to 131.95%. High heritability coupled with high genetic advance was recorded for yield and major yield components, indicating predominance of additive gene action and effectiveness of selection for crop improvement.
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INTRODUCTION
Bitter gourd (Momordica charantia L.), popularly known as bitter melon, is an important tropical and subtropical vegetable belonging to the family Cucurbitaceae, comprising about 90 genera and 750 species. India is regarded as the primary centre of origin, while China and Southeast Asia are considered secondary centres of diversity (Gruthew, 1977). The crop has a somatic chromosome number of 2n = 2x = 22 and is widely cultivated as a commercial vegetable. India produces 1,769.14 thousand MT from 135.89 thousand hectares, with Karnataka contributing 11.25 thousand MT from 1.19 thousand hectares (India stat, 2023-24). The crop is extensively grown across several Indian states including Maharashtra, Gujarat, Rajasthan, Punjab, Tamil Nadu, Kerala, Karnataka, Andhra Pradesh, West Bengal, Odisha, Assam, Uttar Pradesh and Bihar. Bitter gourd is valued for its nutritional and medicinal properties due to the presence of bioactive compounds such as momordicin, charantin and cucurbitacin. Charantin exhibits hypoglycaemic activity and is widely recognized for its role in diabetes management. The fruits are rich in vitamins and minerals and are consumed in various culinary forms.	Comment by Cuenta Microsoft: Replace the reported figure with 1.77 million, ensuring consistency with official sources or recent literature.	Comment by Cuenta Microsoft: Include the corresponding reference supporting this value.
The crop exhibits wide phenotypic variability in growth, flowering, maturity and fruit traits (Behera et al., 2006), offering considerable scope for genetic improvement. For effective selection in breeding programmes, it is essential to quantify the extent of genetic variability and the transmissibility of traits. Parameters such as phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) provide insights into the magnitude of variability, while heritability estimates indicate the proportion of heritable variation. Genetic advance, particularly when considered along with heritability, helps predict the effectiveness of selection and the nature of gene action governing yield and its components. Therefore, the present investigation was undertaken to estimate genetic variability parameters, including PCV, GCV, heritability and genetic advance, for yield and yield-related traits in bitter gourd genotypes, to identify traits with high selection efficiency for crop improvement.
MATERIAL AND METHODS
The experiment was conducted during late kharif 2024-25 at the Department of Vegetable Science, Kittur Rani Channamma College of Horticulture, Arabhavi, University of Horticultural Sciences, Bagalkot, Karnataka (16.22° N, 74.83° E). Sixty-eight bitter gourd (Momordica charantia L.) genotypes, including landraces, local cultivars, improved varieties and NBPGR accessions, were evaluated in a Randomized Block Design with two replications at a spacing of 1.5 m × 1.5 m. Recommended agronomic and plant protection practices were uniformly followed. Observations were recorded on five randomly selected plants per genotype per replication for sixteen growth, yield and quality traits. Analysis of variance was performed to assess genotypic differences. Genotypic and phenotypic coefficients of variation were estimated following Burton and De Vane (1953). Heritability and genetic advance were computed as per Lush (1940) and Johnson et al. (1955). Variability parameters were categorized according to Sivasubramanian and Menon (1973).	Comment by Cuenta Microsoft: Define all abbreviations at first use: write the full term followed by the abbreviation in parentheses; thereafter, use only the abbreviation.	Comment by Cuenta Microsoft: Are two replications sufficient?	Comment by Cuenta Microsoft: Specify the source of the agronomic recommendations used (institution, organization, or technical literature).
RESULTS
The analysis of variance showed that the genotypes differed significantly among themselves for all the characters (Table 1). The genetic variability analysis revealed that phenotypic coefficient of variation (PCV) values were slightly higher than genotypic coefficient of variation (GCV) values for all the traits studied (Table 2; Figure 1) 	Comment by Cuenta Microsoft: Avoid redundancy in data presentation: do not duplicate the same information in both tables and figures; select the most appropriate format.
High GCV and PCV estimates were recorded for fruit yield per vine (64.36% and 64.67%), fruit yield per hectare (64.32% and 64.63%), average fruit weight (54.33% and 54.66%), vine length at harvest (38.13% and 38.57%), ascorbic acid content (37.28% and 37.73%), number of branches per vine (33.35% and 33.84%), fruit length (26.09% and 26.71%), flesh thickness (24.96% and 25.62%), node to first female flower (24.67% and 25.38%) and number of fruits per vine (21.60% and 22.39%). 
Heritability and genetic advance as per cent of mean (GAM) also showed considerable variation among traits (Table 2; Figure 1), with heritability ranging from 51.00% to 99.00% and GAM from 8.58% to 131.95%. High heritability coupled with high GAM was observed for fruit yield per vine (99.00% and 131.95%), fruit yield per hectare (99.00% and 131.87%), average fruit weight (98.00% and 111.24%), vine length at harvest (97.00% and 77.64%), ascorbic acid content (97.00% and 75.90%), number of branches per vine (97.00% and 67.69%), fruit length (95.00% and 52.51%), flesh thickness (94.00% and 50.09%), node to first female flower (94.00% and 49.41%), number of fruits per vine (93.00% and 42.93%), fruit diameter (91.00% and 36.83%) and sex ratio (90.00% and 34.58%). 
DISCUSSION
In the present study, analysis of variance showed that the genotypes differed significantly among themselves for all the characters indicating the presence of adequate variability. PCV values were slightly higher than GCV for all traits, indicating minor environmental influence on their expression. High GCV and PCV were observed for vine length at harvest, number of branches per vine, node to first female flower, fruit length, number of fruits per vine, average fruit weight, fruit yield per vine, fruit yield per hectare, flesh thickness and ascorbic acid content, reflecting substantial genetic variability and good scope for selection. Similar findings were reported by Maneesh et al. (2014), Khan et al. (2015), Vivek et al. (2017), Yadagiri et al. (2017), Triveni (2021) and Revathi (2022) in bitter gourd and by Deepthi et al. (2016) in bottle gourd. Moderate variability was recorded for sex ratio and fruit diameter, whereas days to first female flowering, days to 50 per cent flowering, days to first harvest and antioxidant activity exhibited low variability, indicating limited improvement potential through direct selection (Devendra et al., 2018; Tiwari et al., 2018; Sahana, 2025).	Comment by Cuenta Microsoft: Avoid extensive listing of citations without critical analysis. It is recommended to incorporate an interpretative discussion explaining why the results agree (or not) with previous studies, relying only on the most relevant references (2–3 high-quality sources).
[bookmark: _GoBack]High heritability coupled with high GAM was observed for vine length at harvest, number of branches per vine, node to first female flower, sex ratio, fruit length, fruit diameter, number of fruits per vine, average fruit weight, fruit yield per vine, fruit yield per hectare, flesh thickness and ascorbic acid content, indicating predominance of additive gene action and effectiveness of phenotypic selection. Similar results were reported by Chaudhary et al. (2018), Alekar et al. (2019), Rahman et al. (2019), Reddy and Devi (2019), Vivek et al. (2019) and Sangamesh (2025). High heritability with moderate GAM was recorded for days to first harvest and antioxidant activity, suggesting moderate selection response (Radha et al., 2015; Tyagi et al., 2018). Moderate heritability with low GAM for days to first female flowering and days to 50 per cent flowering indicated non-additive gene action and environmental influence (Chinthan et al., 2021; Tiwari et al., 2021). Overall, yield and its component traits exhibited substantial additive genetic variability and can be effectively improved through selection. X 	Comment by Cuenta Microsoft: Avoid extensive listing of citations without critical analysis. It is recommended to incorporate an interpretative discussion explaining why the results agree (or not) with previous studies, relying only on the most relevant references (2–3 high-quality sources).	Comment by Cuenta Microsoft: Justify the scope of the inferences by clarifying how they are supported, considering that the study was conducted in a single cycle and a single location.
CONCLUSION
The study revealed substantial genetic variability among bitter gourd genotypes for yield and related traits. High heritability coupled with high genetic advance for fruit yield, average fruit weight, vine length and associated characters indicated predominance of additive gene action and good scope for effective phenotypic selection. Traits such as days to flowering exhibited moderate heritability with low genetic advance, suggesting limited response to direct selection. Overall, yield and its major contributing traits can be effectively exploited in breeding programmes for the development of high-yielding bitter gourd cultivars.
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Table 1. Analysis of variance for different morphological characters in 68 bitter gourd genotypes

	[bookmark: _Hlk209187201]
Sl. no.
	
Morphological characters
	Mean sum of squares

	
	
	Replications
Df= 1
	Treatments
Df= 67
	Error
Df= 67

	[bookmark: _Hlk105247349]1
	[bookmark: _Hlk209635499]Vine length at harvest (m)
	0.84
	328.17**
	3.81

	2
	[bookmark: _Hlk209645744]Number of branches per vine
	5.07
	1570.89**
	23.17

	3
	[bookmark: _Hlk209645919]Node to first female flower
	8.18
	1604.41**
	45.39

	4
	[bookmark: _Hlk209648131]Days to first female flowering
	61.45
	838.74**
	267.11

	5
	[bookmark: _Hlk209649021]Days to 50 per cent flowering
	79.88
	1141.43**
	319.27

	6
	[bookmark: _Hlk209649966]Sex ratio 
	9.38
	914.34**
	45.30

	7
	[bookmark: _Hlk209650024]Fruit length (cm)
	4.44
	966.37**
	22.54

	8
	Fruit diameter (cm)
	0.65
	65.92**
	2.86

	9
	[bookmark: _Hlk209651216]Number of fruits per vine
	15.20
	1792.58**
	64.46

	[bookmark: _Hlk105247571]10
	Average fruit weight (g)
	105.38
	77208.41**
	469.54

	11
	Fruit yield (kg/vine)
	0.03
	30.85**
	0.14

	12
	Days to first harvest
	160.81
	5284.87**
	717.74

	13
	Fruit yield (t/ha)
	0.62
	608.67**
	2.93

	14
	Flesh thickness (mm)
	15.93
	2222.53**
	0.89

	15
	Antioxidant activity (%)
	270.32
	8608.56**
	1094.68

	16
	Ascorbic acid content 
(mg/100 g)
	248.61
	66567.83**
	789.26

	 ** Significant at 1 % level of significance






Table 2. Estimates of genetic parameters in bitter gourd genotypes

	[bookmark: _Hlk209186396]Characters
	Mean
	GCV (%)
	PCV (%)
	h2 (%)
	GA
	GAM (%)

	Vine length at harvest (m)
	4.08
	38.13
	38.57
	97.00
	3.16
	77.64

	Number of branches per vine
	10.19
	33.35
	33.84
	97.00
	6.89
	67.69

	Node to first female flower
	13.82
	24.67
	25.38
	94.00
	6.83
	49.41

	Days to first female flowering
	35.64
	5.79
	8.05
	51.00
	3.05
	8.58

	Days to 50 per cent flowering
	39.04
	6.34
	8.45
	56.00
	3.82
	9.80

	Sex ratio 
	14.43
	17.64
	18.54
	90.00
	4.99
	34.58

	Fruit length (cm)
	10.17
	26.09
	26.71
	95.00
	5.34
	52.51

	Fruit diameter (cm)
	3.67
	18.67
	19.50
	91.00
	1.35
	36.83

	Number of fruits per vine
	16.66
	21.60
	22.39
	93.00
	7.13
	42.93

	Average fruit weight (g)
	44.43
	54.33
	54.66
	98.00
	48.99
	111.24

	Fruit yield (kg/vine)
	0.75
	64.36
	64.67
	99.00
	0.98
	131.95

	Days to first harvest
	57.45
	10.16
	11.64
	76.00
	10.49
	18.25

	Fruit yield (t/ha) 
	3.37
	64.32
	64.63
	99.00
	4.35
	131.87

	Flesh thickness (mm)
	16.36
	24.96
	25.62
	94.00
	2.70
	50.09

	Antioxidant activity (%)
	72.87
	10.27
	11.67
	77.00
	13.57
	18.62

	Ascorbic acid content 
(mg/100 g)
	59.42
	37.28
	37.73
	97.00
	45.10
	75.90



	GCV (%)
	Genotypic coefficients of variation
	h2 (%)
	Heritability

	PCV (%)
	Phenotypic coefficients of variation
	GA
	Genetic advance

	GAM (%)
	Genetic advance as per cent of mean













Fig. 1. Genotypic coefficient of variation (GCV), Phenotypic coefficient of variation (PCV), heritability (h2) and genetic advance as per cent of mean (GAM) for sixteen characters among genotypes under study

GCV	Vine length at harvest (m)	Number of branches per vine	Node to first female flower	Days to first female flowering	Days to 50 percent flowering	Sex ratio	Fruit length (cm)	Fruit diameter (cm)	Number of fruits per vine	Average fruit weight (g)	Fruit yield (kg/vine)	Days to first harvest	Fruit yield per ha (t)	Flesh thickness (mm)	Antioxidant activity (%)	Ascorbic acid content (mg/100 g)	38.130000000000003	33.35	24.67	5.79	6.34	17.64	26.09	18.670000000000002	21.6	54.33	64.36	10.16	64.319999999999993	24.96	10.27	37.28	PCV	Vine length at harvest (m)	Number of branches per vine	Node to first female flower	Days to first female flowering	Days to 50 percent flowering	Sex ratio	Fruit length (cm)	Fruit diameter (cm)	Number of fruits per vine	Average fruit weight (g)	Fruit yield (kg/vine)	Days to first harvest	Fruit yield per ha (t)	Flesh thickness (mm)	Antioxidant activity (%)	Ascorbic acid content (mg/100 g)	38.57	33.840000000000003	25.38	8.0500000000000007	8.4499999999999993	18.54	26.71	19.5	22.39	54.66	64.67	11.64	64.63	25.62	11.67	37.729999999999997	h²	Vine length at harvest (m)	Number of branches per vine	Node to first female flower	Days to first female flowering	Days to 50 percent flowering	Sex ratio	Fruit length (cm)	Fruit diameter (cm)	Number of fruits per vine	Average fruit weight (g)	Fruit yield (kg/vine)	Days to first harvest	Fruit yield per ha (t)	Flesh thickness (mm)	Antioxidant activity (%)	Ascorbic acid content (mg/100 g)	97	97	94	51	56	90	95	91	93	98	99	76	99	94	77	97	GAM (%)	Vine length at harvest (m)	Number of branches per vine	Node to first female flower	Days to first female flowering	Days to 50 percent flowering	Sex ratio	Fruit length (cm)	Fruit diameter (cm)	Number of fruits per vine	Average fruit weight (g)	Fruit yield (kg/vine)	Days to first harvest	Fruit yield per ha (t)	Flesh thickness (mm)	Antioxidant activity (%)	Ascorbic acid content (mg/100 g)	77.64	67.69	49.41	8.58	9.8000000000000007	34.58	52.51	36.83	42.93	111.24	131.94999999999999	18.25	131.87	50.09	18.62	75.900000000000006	



