Quantitative Genetic Analysis of Yield and its 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 investigation was undertaken to assess the magnitude of genetic variability, heritability, and genetic advance for yield and yield-related traits in 68 bitter gourd genotypes evaluated during the late kharif season of 2024–25. The experiment was laid out in a Randomised Block Design with two replications to ensure reliable estimation of genetic parameters. Analysis of variance revealed highly significant differences among the genotypes for all the characters studied, thereby indicating the existence of substantial genetic variability within the experimental material. The estimates of the phenotypic coefficient of variation (PCV) were consistently slightly higher than those of the genotypic coefficient of variation (GCV) for all traits, suggesting a relatively minor influence of environmental factors on trait expression. Notably, high GCV and PCV values were observed for fruit yield per vine, fruit yield per hectare, average fruit weight, vine length, and ascorbic acid content, reflecting considerable scope for improvement through selection. Heritability estimates ranged from 51.00% to 99.00%, while genetic advance expressed as a percentage of the mean varied widely from 8.58% to 131.95%. Importantly, high heritability coupled with high genetic advance was recorded for yield and its principal contributing traits, indicating the predominance of additive gene action. This suggests that direct selection for these traits would be highly effective in achieving genetic improvement in bitter gourd.
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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, which comprises about 90 genera and nearly 750 species. It is widely believed that India is the primary centre of origin, while China and Southeast Asia serve as secondary centres of diversity (Walters and Decker-Walters, 1988). The crop has a somatic chromosome number of 2n = 2x = 22 and is extensively cultivated as a commercial vegetable across many parts of the world (Behera et al., 2010). In India, bitter gourd occupies a significant place among cucurbitaceous vegetables, with a production of 1.77 million Metric Tonnes (MT) from 135.89 thousand hectares, while Karnataka contributes about 11.25 thousand MT from 1.19 thousand hectares (India Stat, 2023-24). The crop is grown in several states including Maharashtra, Gujarat, Rajasthan, Punjab, Tamil Nadu, Kerala, Karnataka, Andhra Pradesh, West Bengal, Odisha, Assam, Uttar Pradesh and Bihar.
Bitter gourd is well known for its nutritional as well as medicinal value. The fruits are a good source of vitamins, especially vitamin C and vitamin A, along with important minerals such as iron and calcium. It also contains several bioactive compounds like momordicin, charantin and cucurbitacin, which are responsible for its bitter taste and health benefits (Singh et al., 2024). Among these, charantin is widely recognized for its role in lowering blood sugar levels, making the crop especially important in managing diabetes. Apart from this, bitter gourd is also known for its antioxidant and medicinal properties, and it is consumed in various forms in daily diets. One of the important features of bitter gourd is the wide variability seen among different genotypes. Differences can be observed in growth pattern, flowering time, maturity and fruit traits such as size, shape and yield. This variability provides good scope for improvement through selection and breeding. However, for effective selection, it is necessary to understand how much of this variation is genetic and how much is influenced by the environment (Singh, 2001).
In this context, parameters like phenotypic coefficient of variation (PCV) and genotypic coefficient of variation (GCV) help in measuring the extent of variability present in different traits. Heritability gives an idea about how much of the observed variation can be passed on to the next generation, while genetic advance indicates the expected improvement through selection. When heritability is considered along with genetic advance, it helps in identifying traits that are mainly controlled by additive gene action and are more reliable for selection (Johnson et al., 1955). Therefore, the present study was undertaken to assess the genetic variability, heritability and genetic advance for yield and yield related traits in bitter gourd genotypes. The main aim was to identify important traits that can be effectively used in breeding programmes for developing high yielding and better-performing varieties.
MATERIAL AND METHODS
Plant material and experimental site
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 National Bureau of Plant Genetic Resources (NBPGR) accessions, were evaluated in a Randomized Block Design with two replications at a spacing of 1.5 m × 1.5 m. Seeds of all genotypes were first raised in a nursery and healthy, uniform seedlings were transplanted to the main field after attaining suitable growth. The field was well prepared to a fine tilth before transplanting. Standard agronomic practices (Package of Practice, UHS, Bagalkot), such as irrigation, weeding, staking and plant protection measures were followed uniformly throughout the crop growth period to ensure proper establishment and development of plants. 
Observations recorded
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. 
Statistical Analysis
Analysis of variance (ANOVA) was performed to assess the significance of differences among the genotypes for the traits under study. The genotypic and phenotypic coefficients of variation were estimated following the method proposed by Burton and De Vane (1953). Heritability in the broad sense and genetic advance were computed in accordance with the procedures outlined by Lush (1940) and Johnson et al. (1955), respectively. Furthermore, the variability parameters were classified into appropriate categories based on the criteria suggested by Sivasubramanian and Menon (1973).
RESULTS
The analysis of variance revealed that the genotypes differed significantly for all the characters under investigation (Table 1), indicating the presence of considerable genetic variability within the experimental material. Further analysis of variability parameters demonstrated that the phenotypic coefficient of variation (PCV) values were consistently slightly higher than the genotypic coefficient of variation (GCV) values for all the traits studied (Table 2 and Figure 1).
Highest estimates genotypic coefficient of variation and phenotypic coefficient of variation was registered for vine length at harvest (m) (GCV=38.13 %; PCV=38.57 %) followed by number of branches per vine (GCV=33.35 %; PCV=33.84 %), node to first female flower (GCV=24.67 %; PCV=25.38 %), fruit length (cm) (GCV=26.09 %; PCV=26.71 %), number of fruits per vine (GCV=21.60 %; PCV=22.39 %), average fruit weight (g) (GCV=54.33 %; PCV=54.66 %), fruit yield (kg/vine) (GCV=64.36 %; PCV=64.67 %), fruit yield (t/ha)(GCV=64.32 %; PCV=64.63), flesh thickness (mm) (GCV=24.96 %; PCV=25.62) and ascorbic acid content (mg/100 g) (GCV=37.28 %; PCV=37.73 %).
[bookmark: _Hlk167124447]Moderate estimates genotypic coefficient of variation and phenotypic coefficient of variation was registered for sex ratio (GCV=17.64 %; PCV=18.54 %) and fruit diameter (cm) (GCV=18.67 %; PCV=19.50 %). Lowest estimates of coefficients of variations was observed for days to first female flowering (GCV=5.79 %; PCV=8.05 %), days to 50 per cent flowering (GCV=6.34 %; PCV=8.45 %), days to first harvest (GCV=10.16 %; PCV=11.64 %) and antioxidant activity (%) (GCV=10.27 %; PCV=11.67 %).
[bookmark: _Hlk209741252]The estimates of heritability ranged from 51.00 to 99.00 per cent, while genetic advance as per cent of mean ranged from 8.58 to 131.95 per cent for the various characters under investigation (Table 2 and Figure 1). High heritability coupled with high genetic advance as per cent of mean was observed for vine length at harvest (m) (h2=97.00 %; GAM=77.64 %), number of branches per vine (h2=97.00 %; GAM=67.69 %), node to first female flower (h2=94.00 %; GAM=49.41 %), sex ratio (h2=90.00 %; GAM=34.58 %), fruit length (cm) (h2=95.00 %; GAM=52.51 %), fruit diameter (cm) (h2=91.00 %; GAM=36.83 %), number of fruits per vine (h2=93.00 %; GAM=42.93 %), average fruit weight (g) (h2=98.00 %; GAM=111.24 %), fruit yield (kg/vine) (h2=99.00 %; GAM=131.95 %), fruit yield (t/ha) (h2=99.00; GAM=131.87 %), flesh thickness (mm) (h2=94.00 %; GAM=50.09 %) and ascorbic acid content (mg/100 g) (h2=97.00 %; GAM=75.90 %). 
High heritability accompanied by moderate genetic advance as per cent of mean was recorded for days to first harvest (h2=76.00 %; GAM=18.25 %) and antioxidant activity (%) (h2=77.00 %; GAM=18.62 %). Moderate heritability coupled with low genetic advance as per cent of mean was observed for days to first female flowering (h2=51.00 %; GAM=8.58 %) and days to 50 per cent flowering (h2=56.00 %; GAM=9.80 %).
DISCUSSION
The magnitude of variability present within a population is of paramount importance, as it constitutes the basis for effective selection in any plant breeding programme. The total variability observed in a population arises from the combined effects of genetic and environmental factors; hence, a clear understanding of the nature and extent of genetic variation contributing to selection response is essential for crop improvement. In the present study, the analysis of variance revealed that the genotypes differed significantly for all the characters, indicating the presence of adequate genetic variability within the experimental material. Furthermore, the phenotypic coefficient of variation (PCV) values were consistently slightly higher than the genotypic coefficient of variation (GCV) values for all the traits, suggesting that environmental influence on trait expression was relatively minor.
[bookmark: _GoBack]High estimates of both genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (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. These results indicate the presence of substantial genetic variability and suggest considerable scope for improvement through selection. Similar findings have been reported by Maneesh et al. (2014), Khan et al. (2015), Vivek et al. (2017), Yadagiri et al. (2017), Revathi (2022), and Bhati et al. (2023) in bitter gourd, as well as by Deepthi et al. (2016) in bottle gourd. Moderate levels of variability were recorded for sex ratio and fruit diameter, indicating a moderate scope for genetic improvement. In contrast, traits such as days to first female flowering, days to 50 per cent flowering, days to first harvest, and antioxidant activity exhibited low variability, suggesting limited potential for enhancement through direct selection (Devendra et al., 2018; Mallikarjuna et al., 2024). The lowest estimates of coefficients of variation were observed for these traits, further confirming the restricted range of genetic variation. A low GCV value reflects limited genetic variability, thereby constraining the effectiveness of selection for substantial improvement. Comparable observations have also been documented by Devendra et al. (2018) and Revathi (2022) in bitter gourd, reinforcing the consistency of these findings across studies.
Estimation of heritability is essential because genetic variability alone does not provide information on the extent of heritable variation. Heritability represents the proportion of phenotypic variance that is inherited and can be categorized as high, moderate, or low (Johnson et al., 1955, Burton, 1953). It serves as an important indicator of the degree to which traits are transmitted from parents to offspring. Heritability estimates assist plant breeders in identifying superior genotypes within diverse genetic populations. Moreover, when considered alongside genetic advance, heritability provides a more accurate prediction of the expected genetic gain under selection than when assessed independently. Genetic advance helps in understanding the nature of gene action governing polygenic traits. High values of genetic advance generally indicate the predominance of additive gene effects. This information aids in selecting appropriate breeding strategies for the genetic improvement of such traits.
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. (2019), Rahman et al. (2019) and Bhati et al. (2023). 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). GAM values exceeding 100% for fruit yield and average fruit weight are due to very high variability (GCV, PCV) and heritability with minimal environmental influence. This indicates strong additive gene action and wide genetic variability. Hence, these traits are highly responsive to selection and offer scope for substantial improvement. Overall, yield and its component traits exhibited substantial additive genetic variability and can be effectively improved through selection.
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	



