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ABSTRACT 

The present investigation "Studies on genetic variability, heritability,

correlation and path analysis in bitter gourd (Momordica charantia L.) using twenty 

genotypes of bitter gourd. The present investigation was carried out at Horticulture

Research Farm-I of the Department of Applied Plant Science (Horticulture), School for 

Biosciences and Biotechnology, Babasaheb Bhimrao Ambedkar University, Vidya Vihar 

Raebareli Road, Lucknow- 226025 (U.P.), India during the summer seasons 2018-19 and 

2019-20. The experimental material comprised of 20 bitter gourd genotypes obtained 

from various institutes. The experiment was laid out in Randomized Block Design and 

replicated thrice. Row-to-row and plant-to-plant distances were maintained as 2.5 m x 0.5 

m. Each entry was grown in the plot size of 3.0 m x 2.0 m. Recommended agronomic

practices were carried out basis across the cropping season to ensure optimum growth 

and development of plants. For optimal plants survival and flourishing, 1-2 healthy 

Seedlings were maintained per pit. All total 15 physical characters and 6 chemical 

characters in the field as well as laboratory conditions were recorded viz., Node number 

to first staminate flowers, node number to first pistillate flowers, days to anthesis of first 

staminate flowers, days to anthesis of first pistillate flowers, days to first fruit harvest, 

Vine length (m), fruit length (cm), nodes per plant, number of branches per plant, number 



of seeds per plant, fruit diameter (cm). number of fruits per plant, Seeds weight per fruit 
(g), average fruit weight (g). ascorbic acid (mg/100g). reducing sugar (%), non-reducing
sugar (%). total sugars (%). total soluble solids ("Brix). titratable acidity (%) and marketable fruit yield per plant (kg). 

The analysis of variance for design of experiment indicated highly significant 
differences among the genotypes for all the characters. Based on mean performance 
genotype Kalyanpur Barahmasi followed by Kashi Urvasi, Arka Harit, Selection-5 and 
Pusa hybrid-I were found significantly superior for marketable fruit yield per plant. These 

genotypes also showed significantly high mean performance for some other characters. 

The estimates of phenotypic coeflicients of variation (PCV) were higher than genotypie 
coefficient of variation (GCv) for all the characters. High magnitudes of variability were 

observed in case of marketable fruit yield per plant followed by average fruit weight. 

number of branches per plant, titratable acidity, total soluble solids, fruit diameter 

reducing sugar and number of fruits per plant. While, total sugars, days to first fruit 

harvest, days to anthesis of first staminate flowers and ascorbic acid exhibited low 

variability. High heritability coupled with high genetic advance in per cent of mean were 

estimated for average fruit weight followed by total soluble solids, total sugars, days to 

anthesis of first pistillate flower, nodes per plant, non-reducing sugar, marketable fruit 

yield per plant, number of branches per plant, vine length, days to first fruit harvest, 

number of fruits per plant, fruit diameter which indicated opportunity for selection

response. The most important trait, marketable fruit yield per plant had exhibited highly 

significant and positive phenotypic correlation with fruit length, reducing sugar, number 

of fruits per plant.While, it showed highly significant and negative correlation with 

ascorbic acid followed by days to anthesis of first pistillate flowers and total soluble 

solids and selection for traits with positive correlation. The higher magnitude of positive 

direct effect on marketable fruit yield per plant was exerted by fruit length, number of 

fruits plant, number of seeds per fruit, vine length, node number to first pistillate tlowers, 

days to first fruit harvest and total sugars. The higher magnitude of negative direct effect 

on marketable fruit yield per plant were pronounced by days to anthesis of tirst pistillate

flowers, ascorbic acid, number of branches per plant, reducing sugar and non-reducing

sugar both at phenotypic and genotypic levels. All the twenty genoty pes into tive diverse 

clusters. Cluster I (9) had highest number of genotypes followed by cluster lI (8). chuster 

III (1), cluster IV (1) and cluster V (1). The Inter-cluster values between cluster ll and V 

followed by cluster II and IV, cluster IV and V, cluster Il and lll, chuster I and V, cluster I 

and II, cluster I and IV, cluster III and V and cluster I and Ill were very high. The 



minimum inter-cluster D* values were recorded in case of cluster I1I and IV (155.11). 

Average fruit weight followed by total sugars, total soluble solids, days to anthesis of first 

pistillate flowers, titratable acidity contributed maximum toward total genetic divergence 

in available germplasm of bitter gourd. 

Somfnakos 
(Som Prakash) (Dr. R.S. Verma) 

Supervisor Research Scholar 
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Chapter-I 

INTRODUCTION 

Bitter gourd (Momordica charantia L.; 2n=2x=22) is a commercial and 

medicinal vegetable belonging to the Cucurbitaceae family. It has become an annual 

as well as perennial herbaceous climber. Bitter melon, balsam pear and maidan apple 

are some of its other names (Morton, 1967). Being monoecious in nature. It is a 

highly cross pollinated crop. It is believed that the crop evolved in India. Eastern India 

as well as Southern China has been proposed as probable domesticated areas. China, 

Malaysia, North America and Tropical Africa are among the countries that grow it. 

Recently, it has been found that six species closely related to bitter gourd are found in 

India, of which four species in dioecious and two species monoecious in nature. 

Momordica charantia and Momordica balsamina are monoecious, while Momordica 

dioica, Momordica sahyadrica, Momordica cochinchinenesis and Momordica 

subangulata are dioecious (De Wilde and Duyfjer, 2002; Joseph, 2005; Joseph and 

Antony 2008). Wild species of bitter gourd Momordica charantia var. abbreviata, an 

origin place of Asia, may be the progenitor to domesticated one (Degener, 1947). 

Cucurbits occupy a significant place among the various vegetable crop 

groupings. Liberty Hyde Bailey developed the word "cucurbits" to describe cultivated 

Cucurbitaceae species (Robinson and Decker, 1997). In the Cucurbitaceae family, 

there are approximately 100 genera and 750 species that are virtually equitably 

distributed across the past and present countries (Yamaguchi, 2012). In India, there 

are 38 endemic species and an additional 38 non-endemic species in 34 genera, 

comprising 108 species. Due to the absence of explicit knowledge of their utility, 

untamed plant genetic resources with specific value to the local community and the 

global community are frequently overlooked during germplasm excursions and 

cumulative impacts. Despite the implementation of novel crops and superior varieties, 

wild species play a significant role, primarily in the forest and rural areas of the 

country, in which many people are able to collect and eat wild amassed crops for 

nourishment. 

Bitter gourd ranks first among the cucurbits in terms of high nutritional value. 

The 100 g edible fruit part constitutes 83.2% water, 10.5% carbohydrates, 0.2–1.0% 

fat, 0.5-1.0% minerals, 1.7% fiber, 2.1 g protein, 2 mg iron, 23 mg calcium, 96 mg 

vitamin C, 38 mg phosphorus, 171 mg potassium, 2.40 mg sodium, 0.19 mg cupper, 

0.08 mg manganese, 0.46 mg zinc and 126 mg β carotene (Gopalan et al. 

1993). Hypertension, ophthalmic problems, neuropathy and improper carbohydrate 
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metabolism are just a few of the issues that may be avoided with frequent usage. It 

boosts the body's anti-infection systems. The bitter gourd is some kind of gourd that is  

used as a traditional remedy for diabetes. According to a study conducted, it includes 

hypoglycemia as well as an insulin-like component known as plant insulin that has 

been revealed to be extremely effective in reducing blood and urine sugar levels. Most 

diabetics undergo denutrition as a result of their undernutrition. It contains alkaloids 

viz., momordicin and cucurbitacin while skeleton is rich in momordicosides are 

tetracyclic triterpinoides glycosides with cucurbitane (Chandravandna and 

Chandra, 1990). Bitter gourd fruit is said to be cooling, carminative, aphrodisiac, 

stomachic, antipyretic, appetitising, antiheliminthic, aphrodisiac and vermifuge 

competency (Blatter et al. 1935). They are used as a viral infection for Human 

immunodeficiency virus (HIV) disease and as acytostatic in the treatment of some 

cancers. Owing to its implicit oxygen free radical with the scavenging action of fruit 

juice, it is also recognized for its antidiabetic effects (Shreejayan and Rao, 1991).  

 It is a bitter gourd famed for its therapeutic qualities. It has antioxidant, 

antimicrobial, antibacterial, antiviral, antiulcerogenic and antihepatotoxic effects. 

According to ethno-medical accounts, Momordica charantia L. is utilised in ancient 

medicine to cure a variety of blood sugar, ulcers and other infections. While root 

extracts are used to treat defluxio, arthritis, leaf and stem decoctions are used to treat 

dysentery and gout. Consequently, Momordica charantia L. juice extracted solely 

from the fruit has often been exploited for medical purposes across the world. 

Similarly, the juice is derived from the fruit, leaves and roots. Sometimes, the fresh 

fruit is commonly used to treat injuries, allergies, parasites (such as worms), fever, 

hepatitis and measles. Bitter gourd extracts, which are also often used as vegetable 

insulin, contain antidiabetic, hypoglycemia and antioxidative properties that can help 

with diabetes therapy (Behera et al. 2010).  

The main objective of cucurbitaceous vegetable research in India, particularly 

bitter gourd research, is to boost efficiency on a brief premise by continuing to 

develop abiotic and biotic stress resistant varieties and hybrids with quantity and 

quality attributes. Crop yield can also be increased by using agro-techniques and plant 

protection measures that are standardized. There are about 60 species in the genus 

Momordica, among them the species Momordica charantia L. is predominantly 

cultivated. It's a monoecious, extensively cross-pollinated crop with a lot of diversity 
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in most practically relevant characteristics. Fruits have the most obvious variations in 

terms of shape, size and colour.  

India is the second largest producer of vegetables in the world next only to 

China, which shares about 15 percent of the world's vegetable production and about 5 

percent of the total cropped area in the country. The current vegetable production 

level is over 187.47 million tonnes from an area of 10.43 million hectares. During 

2018-19, the bitter gourd crop had area was 0.099 million hectares and production 

was 1.20 million tonnes (2018-19) all over India (Anon. 2019). 

Despite the substantial output, the per capita per day supply of vegetables in 

the country could not exceed 175 g, which is less than the recommended dietary 

requirement (RDA) of 350 to 400 g for a balanced diet. By 2020, our country's 

vegetable consumption is expected to exceed 220 million tonnes. According to Indian 

Council of Medical Research (ICMR), a normal person should take 300 g of 

vegetables per day (125 g of leafy vegetables, 100 g of tubers and root crops and 75 g 

of other vegetables). Vegetable eating decreases cholesterol levels, protects against 

respiratory and intestinal diseases and prevents the buildup of carcinogenic chemicals 

in the human body. 

The basic tool for identifying significant genotypes is germplasm evaluation. 

The large amount of natural diversity found in many features between genotypes 

implies that economic characteristics have a suitable place for development. The large 

variety increases the chances of identifying new forms. 

The relationship between two variables between the various characters as well 

as the positive effect of yield may refer to traits on total yield production are essential 

for developing a breeding plan that includes the benefit of the novel population's 

implicit variability. Under various climatic conditions, phenotypic variability 

fluctuates, but genetic variability stays constant and is more helpful to a plant breeder 

for selection and hybridization. 

In India, bitter gourd genetic modification has rarely been studied. The 

evaluation of variability in every crop species is a foundation for developing 

successful selective breeding, since the existent variation may be exploited to 

optimize cultivar yields when breeding techniques can be applied correctly. Climate 

sensitivity information alone may not be useful in identifying characteristics for 
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selection, but it is more accurate when combined with forecast genetic progression 

(Johnson et al. 1955). 

Heritability is useful for determining the degree of characteristic inheritance 

from parents to offspring, whereas genetic advance is useful for determining the 

precise genetic diversity predicted under selection. Considering the relationship 

between characters and yield as well as among themselves. It is required for a 

reasonable selection of characters on which selection will be conducted for better 

yield. However, path analysis is a useful tool for determining the positive and 

negative effects of each character on yield, therefore the current study focused on the 

function of genetic factors in bitter gourd selection. Genetic diversity is an essential 

requirement for increasing crop productivity through breeding. A wide range of parent 

tends to help isolate better recombination hierarchical clustering in breeding 

programmes, which is influential in determining genetically dissimilar parents. In 

advanced generations, genetic diversity influences a cross's evolutionary basis for 

heterosis and the frequency of attractive progenies.  

Yield is a complicated feature that is influenced by a number of yield 

contributing factors. Besides these above parameters. Mahalanobis D2 analysis was 

also utilized which helped in the assessment of the contribution of every feature to 

overall diversity and genetic diversity among genotypes The greater the genetic 

distance between two groups, the higher the odds of producing better hybrids and 

segregates through hybridization. 

 Keeping in view of the above facts in mind, the present investigation entitled 

“Studies on genetic variability, heritability, correlation and path analysis in 

bitter gourd (Momordica charantia L.)” was under taken during the summer season 

of 2018-19 and 2019-20 with the following objectives:  

1. To investigate the variability, heritability and genetic advance for the 

quantitative characters, 

2. To estimate correlation among the important economic traits, 

3. To find out the direct and indirect effect of yield components by path analysis 

and 

4. To evaluate the genetic divergence for yield and yield attributing traits. 
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Chapter-II 

REVIEW OF LITERATURE  

To develop desirable genotype, the information about the environment and 

degree of the amount of genetic diversity in breeding materials as well as the level of 

environmental effect on characteristics, is extremely valuable. Bitter gourd has been 

the subject of much genetic, cytogenetic and breeding research in the past. A review 

of literature on the line of work will help the breeder; since the accessible literature 

for the current study of the bitter gourd (Momordica charantia L.) is very meager, 

therefore, the work done on few other cucurbits have been considered and reviewed 

under the following aspects:  

2.1 Genetic variability, heritability and genetic advance, 

2.2 Correlation studies and path coefficient analysis   

2.3 Genetic divergence analysis.  

2.1 Genetic variability, heritability and genetic advance in bitter gourd and other 

cucurbits  

In a plant breeding programme, genetic diversity is the raw material on which 

selection operates to produce superior genotypes or varieties. The genetic variability 

for different characters present in breeding programmes or materials is methodically 

subjected to selection in order to change the genetic structure of plant characters 

and as a result of the plant as a whole, in order to develop improved genotypes with 

significantly greater marketable green fruit yield. The diversity used in breeding 

programmes comes from naturally occurring variations and wild relatives of crops, as 

well as artificially created strains and genetic stocks developed via human efforts. 

The germplasm of a plant species is a store of variety for distinct 

characteristics arising from accessible natural or intentionally produced variations or 

strains. Improved strains, primitive cultivars, wild relatives, outdated cultures, unique 

genetic stocks, seeds pollen, vegetative components and so forth are all examples of 

germplasm. 
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The majority of germplasm collections have not been thoroughly assessed or 

screened for genetic diversity. A metric trait's total variability is split into genotypic 

and phenotypic variability. The evaluation of genetic variability for yield and its 

components is required before the crop may be improved to the desired level. There is 

both additive and non-additive variation in genotypic variability.  

The idea of heritability is critical for determining whether phenotypic 

variations observed across people are due to genetic alterations or environmental 

influences. Heritability refers to the likelihood and magnitude of improvement that 

may be achieved by selection. It is a percentage-based metric that considers the ratio 

of genetic variation to overall phenotypic variance. This is a measure of genetic 

relationship between parents and progeny, and it is an index of character 

transmissibility from parents to offspring. Thus, changing the characteristics of the 

population through selection can be predicted only by knowing the degree of 

correspondence between phenotypic and breeding values. 

Heritability has been defined by several people. Broad sense heritability is 

defined by Lush (1948) as the ratio of genetic variation to total phenotypic variance, 

whereas narrow sense heritability is defined by the ratio of additive genetic variance 

to total phenotypic variance. Because additive genetic variation is the only part of 

total variance that can be fixed, narrow sense heritability is more important in practice 

than wide sense heredity. In both a wide and limited sense, Robinson et al. (1949) 

challenged heredity. It is defined as "the ratio of total genotypic variation to total 

phenotypic variance" in a wide sense and "the ratio of additive genetic variance to 

total phenotypic variance" in a restricted meaning. They also divided heritability 

estimates into the following categories:  

1. Low heritability (below to 40%)  

2. Medium heritability (40 to 60%)  

3. High heritability (61 to 80%)  

4. Extremely High heritability (above 80%) 

Several methods have been developed by many workers (Mather, 1949; 

Warner, 1952; Kempthorne and Curnow, 1961; Crumpacker and Allard, 1962; 
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Mather and Jinks, 1967) to estimate of the heritability in narrow sense. 

The most relevant estimate is genetic progress, which is the increase in genotypic 

value in the new population compared to the base population. Expected genetic 

progress, according to Comstock and Robinson (1952) is determined by three 

factors:  

I. Genetic variability, 

II. Degree of the masking impact of environmental and interaction components of 

variability on genetic diversity  

III. Strength of selection. 

Expected genetic advance in per cent of mean is the product of:  

I. Selection differential measured in terms of phenotypic standard deviation and  

II. The genetic coefficient of variability and square root of heritability ratio 

(Johnson et al. 1955). 

According to Burton and de Vane (1953), the genetic gain that can be expressed for 

a particular character through selection is the product of its heritability, phenotypic 

standard deviation (p), and selection differential. Though heritability value indicates 

the relative effectiveness of selection based on phenotypic expression of a trait, 

genetic advance, as demonstrated by Johnson et al. (1955) is more useful in 

predicting the actual value of selection. 

The following is a summary of the information pertaining to these 

characteristics: 

Chowdhury and Sharma (2002) investigated 12 ridge gourd genotypes (Luffa 

acutangula L.). For all characteristics, the genetic coefficient of variation (GCV) was 

less than phenotypic coefficient of variation (PCV). Vine length, yield per hectare, 

and fruit weight all had high heritability, PCV, GCV and genetic advance values, 

showing that such features were characterised by positive gene effects. 

Kutty and Dharamatti (2004) evaluated at 10 quantitative parameters in 40 bitter 

gourd genotypes. At both the phenotypic and genotypic levels, the results clearly 

indicate a lot of diversity in yield and its components. For number of fruits per vine, 
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fruit weight and total fruit production per plant, substantial heritability was observed 

together with strong genetic progress as a per cent of mean, showing the impacts of 

gene action for such as variables. Bitter gourd genotypes might be improved with the 

use of selection techniques. BLG-1, DWD-2, NRN-1, and IC 44418 were the most 

promising of the 40 genotypes. 

Maurya et al. (2004) recorded for days to the first male flower, days to the first 

female flower, node number to the first female flower, days to the first fruit harvest, 

vine length, number of primary branches, fruit weight, fruit length, fruit diameter, 

number of fruits per plant, and early fruit yield per plant were all recorded. For all of 

the characteristics, analysis of variance revealed substantial variations between 

genotypes.  

Ahmed and Mufti (2006) evaluated fifteen diverse genotypes of bitter gourd (Kalyan 

Sona, BGR-II, Barsati, Jaunpuri, Patna Karela, Baramasi Karela, Faizabadi, BGR-I, 

Preethi, SH-BG-2, SH-BG-2, Priya hybrid, SH-BG-3, SH-BG-4 and Local) for seven 

yield characters (length of vines, number of branches per vines, length of fruits, 

diameter of fruits, fruits number per vine, weight of fruits and fruit yield per plant) 

and five genetic traits (variation coefficients phenotypic and genotypic, heritability, 

genetic advance as a per cent of the mean. Preethi had the highest values for the 

majority of yield-related characteristics, including the maximum fruit yield (2.89 kg) 

and the highest number of fruits per plant (16.00) and fruit diameter (5.50 cm). In 

BGR-1, the highest fruit length and fruit weight were recorded. All of the traits were 

highly heritable, with significant phenotypic and genotypic variability factors. For 

branch number per plant, average fruit length, average fruit diameter, fruit number per 

plant and number of fruits per plant, strong genetic coefficient of variation and 

heritability estimations were linked with high genetic progress. The findings revealed 

that these traits are cumulative in nature and may be utilised to make good decisions. 

High heritability and modest genetic advancement were found in vine length and 

average fruit weight. 

Bharathi et al. (2006) studied on 32 cultivars of spine gourd, the study examined 

genetic variations for 10 traits. For the characteristics investigated, analysis of 

variance indicated substantial variations between genotypes. Fruit weight, fruit length, 

and number of fruits per vine all had significant heritability and genetic gain, showing 
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the predominance of additive gene action for all these traits.  

Narayan et al. (2006) carried out an experiment on 15 diverse genotype of bitter 

gourd (Kalyanpur Sona, BGR–II, Barsati, Jaunpuri, Patna Karela, Baramasi Karela, 

Faizabadi, BGR-1, Priya hybrid, SH-BG-3, SH-BG–4 and Local) for 7 yield 

characters (vine length, branches number per plant, length of fruit, diameter of fruit, 

number of fruits per plant, weight of  fruits and total fruit yield per plant) and 

phenotypic as well as genotypic coefficients of variance, heritability and genetic 

advance are five genetic parameters. Preethi has the highest yielding relevant 

characteristics, like the maximum fruit yield (2.89 kg), the maximum number of fruits 

per plant (16.00) and the highest fruit diameter (5.50 cm). Because of the prevalence 

of non-additive gene activity, maximum fruit can be enhanced by heterosis breeding. 

Singh (2006) conducted trial on 30 diverse genotypes of bitter gourd for 12 

characters. Various genetic parameters were estimated. Based on 

average performance for yield attributes, analysis of variance for the experiment 

design revealed very statistically significant differences across genotypes for all 

variables. The yield per plant had the highest phenotypic coefficient of 

variability followed by the average fruit weight and number of fruits per plant. 

Ahmed et al. (2006) evaluated 15 genotypes of bitter gourd (Kalyan Sona, BGRII, 

Barsati, Jampuri, Patna Karela, Long Baramasi, Karela Faizabadi, BGRI, Preethi, 

SHBG 2, Priya hybrid, SHBG 3, SHBG 4 and Local) were evaluated for 7 yield 

characters (vine length, branches per plant, fruit length, diameter, number per plant, 

fruit weight and fruit yield per plant) and 5 genetic traits (phenotypic and genotypic 

coefficients of variation, heritability and genetic advance as per cent of mean) in 

Jammu and Kashmir, India during the Kharif season of 2003. Preethi had the highest 

values for the majority of yield-related characteristics, such as the highest number of 

fruits per plant (2.89 kg) and the maximum fruit number per plant (16.00) and fruit 

weight diameter (5.50 cm). In BGR1, the maximum fruit length and average fruit 

weight were recorded. All of the traits were highly heritable, with significant 

phenotypic as well as genotypic variability factors. 

Raja et al. (2007) worked on 46 genotypes of bitter gourd for 14 quantitative 

characters for variability, heritability and genetic advance. MC-23 obtained from the 

maximum number of primary branches per vines, fruit yield per plot and fruit weight. 
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The number of female flowers per plant had the greatest PCV and GCV followed by 

fruit weight and the number of primary branches per vines, suggesting the amount of 

variability depending on these features. Number of female flowers per plant had the 

highest heritability and genetic gain followed by fruit weight, number of primary 

branches per plant, and marketable fruit production per plot, showing additive gene 

activity. Fruit girth was shown to have a medium heritability and minimal genetic 

variation. 

Kumar et al. (2008) studied on variability, heritability, genetic advance, correlation 

and path analysis were investigated for fruit yield component attributes in twenty-five 

different cucumber genotypes. Days to anthesis first female flower, primary branches 

per plant, fruits per plant, node bearing female flowers per plant, fruit length, fruit 

weight and fruit yield per plant all showed a broad range of variability, as well as 

PCV and GCV estimations. Days until first female flower anthesis, main branches per 

plant, fruits per plant, fruit length and fruit diameter all had significant heritability and 

anticipated genetic gain and fruit yield per plant. Some features have additive gene 

impact, indicating that they are more stable for successful selection. 

Yadav et al. (2008) conducted a study on variance analysis of 17 bitter gourd 

genotypes' characteristics, which revealed remarkable variations. The longest vine 

length was measured. Internodal length and the number of main branches per vine are 

both much larger. In JMC-4, the highest number of nodes was observed. In MC-84, 

the minimum number of days for the initial emergence of male flowers as well as the 

maximum fruit length, width, yield per vine, yield per plot and yield per hectare were 

all recorded. In GY-I, the maximum number of fruits per plant was observed. 

Banik et al. (2009) studied genetic variability of 26 snake gourd genotype for 15 

characters. The considerable variability was observed for the characters like Crop 

yield per plant, node number to first female and male bloom and primary vine length 

are all important factors to consider. Fruit yield per plant, vine length, and the number 

of initial male flower nodes had strong heritability and genetic gain. As a consequence 

of these findings, it appears that character selections based on the relevant characters 

will be highly effective. 

Dey et al. (2009) worked on with 38 bitter gourd cultivars. For all 12 quantitative 

parameters of the variables, there was a broad range of variance. Among these 
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genotypes, two gynoecious lines namely, DBTG-201 and DBTG-202 were found 

promising with respect to earliness and yield and their related characters. For traits 

including fruit weight (g), fruit diameter (cm), flesh thickness (cm) and yield per 

plant. The phenotypic coefficient of variation (PCV) was higher than the genotypic 

coefficient of variation (GCV) for all of the characters assessed, showing that the 

environment has an impact on character expression. All of the variables had medium 

to high heritability. Considering parameters like fruit weight (g), flesh thickness (cm), 

yield per plant (g) and yield per plant (g), the highest heritability and genetic 

advancement were observed. The prevalence of additive gene action as well as the 

success of improvement by selection for all these economically prominent 

components are shown by the node of the first female flower. 

Bahera et al. (2010) discussed on the origin and domestication, nutritional uses and 

medicinal properties of bitter gourd (Momordica charantia L.). The botanical 

(taxonomy, morphology and reproductive biology), horticultural (climate and soil, 

culture, sex expression and modification, harvest, seed production and pests and 

diseases) and breeding aspects (genetic variation and germplasm development, 

inheritance, character association, goals and cultivar development, breeding methods 

and biotechnology) of bitter gourd.  

Devmore et al. (2010) evaluated on days to first male flower, nodal position for first 

male flower, days to first female flower, nodal position for first female flower, vine 

length, primary branches per vine, nodes number per vine, days to fruit development, 

days to first fruit harvest, fruits number per vine. Heritability and genetic progress as a 

percentage of mean, fruit length, vine length, fruit number per vine, days to first fruit 

harvest are all factors to consider. The number of nodes per vine and the number of 

major branches per vine would allow for selection in bitter gourd breeding for 

maximum fruit output. 

Naik et al. (2012) studied on variability, heritability and genetic advance of five 

female clones of teasle gourd (Momordica subangulata Blume. Subsp. renigera) were 

investigated. The length of the main vine (m), the number of vines per plant, the 

number of leaves per plant, the fruit weight at marketable stage (g), the ovary 

diameter (mm), the number of seeds per fruit, the number of fruits per plant, and the 

yield per plant all had higher phenotypic coefficients of variation (kg). marketable 
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stage of average fruit weight (g), main vine length (m), ovary radius (mm), number of 

fruits per plant and number of vines per plant all had high heritability as well as 

genetic advance, revealing that all these characteristics were still under additive gene 

moderation and that simplified selection could be used to improve these teasle gourd 

traits. 

Pandey et al. (2012) tested with 30 genotypes of sponge gourd to evaluate 11 yield 

components. High to moderate heritability as well as genetic advance was estimated 

for the characters viz., average fruit length, number of fruits per plant, average fruit 

weight, diameter of fruits and length of vines, while, average fruit yield per vine had 

high heritability but moderate genetic advance and days to taken to anthesis of first 

female exhibited high heritability and genetic advance. The intervention of non-

additive gene action was clearly indicated by the two characters in the anthesis of the 

first female flower and fruit yield. Apart from these two qualities, all of the variables 

described above have high heritability combined with high genetic advance, showing 

that additive gene action prevails and selection for all these parameters is dependable 

for the production of high producing sponge gourd cultivars. 

Kumar et al. (2013) studied the mean performance, variability, heritability, genetic 

advance, correlation and path analysis for yield components traits of 20 sponge gourd 

genotypes. In all of the genotypes analyzed in the experiment, significant differences 

were detected for all of the characteristics. The total yield per vine had the most 

genotypic and phenotypic diversity followed by the number of seeds per fruit, average 

weight of fruit and total soluble solids. The number of seeds per fruit, the average 

weight of the fruit and the specific gravity of the fruit all indicated significant 

heritability and genetic advance. The average number of fruits per vine, average fruit 

weight and number of seeds per fruit were all shown to be positively associated with 

total yield per vine. The diameter of fruit, number of primary branches, number of 

fruits per vine, weight of fruit and total soluble solids all had positive direct effects on 

total fruit yield per vine, according to path coefficient analysis. As a result, it is 

proposed that all these characteristics be selected in order to increase sponge gourd 

yield per vine. 

Yadav et al. (2013) worked on 13 diverse genotypes of bitter gourd were evaluated 

for genetic variability during 2007 and 2008 for 13 traits under Allahabad conditions. 
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The genotypes were planted at 1 m x 1 m distance for two summer season. The 

analysis of variance revealed a wide variation in yield component characteristics 

across all genotypes. Fruit weight, number of nodes per vine, days to the first 

appearance of female flower, days to the first appearance of male flower, fruit 

length and yield per vine had the highest range of variation followed by fruit weight, 

number of nodes per vine, days to the first appearance of female flower, days to the 

first appearance of male flower, and fruit length, with yield per vine having the 

smallest range of variation. The number of nodes per vine, internodal length, fruit 

breadth, and number of fruits per vine all exhibited significant and positive 

correlations with vine length. The number of main branches per vine was related in a 

significant way. 

Kumari et al. (2015) observed on its most important yield determining feature is the 

quantity of fruits per vine followed by average fruit weight. As a result, these traits 

should be priority when select cultivars for bitter gourd production enhancement. 

Ananthan and Krishnamoorthy (2017) carried out an experiment Investigate the 

mean performance of twenty ridge gourd cultivars collected from various parts of 

Tamil Nadu in terms of genetic variability, heritability, genetic advance, correlation 

and path analysis for yield components like first female flower node, days taken for 

first female flowering, number of fruits per plant, fruit length, fruit weight (g), fruit 

yield per plant (kg). For fruit yield per plant (31.55, 32.86, and 62.39), the genotypes 

had high levels of genotypic coefficient variation and phenotypic coefficient variation 

and genetic advance in per cent of the mean, respectively and the heritability was high 

(98 percent). Fruit weight (0.722 and 0.681), fruit diameter (0.426 and 0.393), number 

of fruits per plant (0.504 and 0.477), and first female flower node all contributed 

significantly to fruit yield per plant, according to phenotypic and genotypic 

correlation coefficients (0.467 and 0.428). The path analysis revealed that the number 

of fruits per plant had a positive significant direct effect on yield per plant (1.4792) 

followed by fruit weight (0.9346) and fruit weight direct effect (0.9346) as well as 

indirect effect (0.7220). 

Singh et al. (2017) reported on 20 germplasm and main focus of this field trail was to 

estimate the component of variance, phenotypic and genotypic coefficient, heritability 

and genetic advance over mean for different growth, yield and quality parameters. 
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The maximum difference between PCV and GCV was reported for fruit yield per 

vine, while the other traits showed moderate to low PCV and GVC with very less 

difference between them. This indicated the influence of environmental factors on 

these parameters is very negligible. The maximum traits showed high to moderate 

heritability coupled with high to moderate genetic advance over mean except total 

soluble solids. This indicated these traits are suitable for direct selection and 

improvement.  

Tyagi et al. (2018) recorded data on the 31 bitter gourd cultivars were used to 

investigate the variability, heritability and genetic advance of 12 quantitative 

characters. For all of the characters, analysis of variance revealed considerable 

variation between genotypes. The phenotypic coefficient of variation (PCV) 

estimations were greater than genotypic coefficient of variation (GCV), showing that 

variation is caused not just by genotypes, but also by environmental factors. fruit 

weight, fruit yield per vine, vine length and fruit length all had high PCV and GCV 

levels, showing that the traits have a lot of variation. That means there's significant 

potential by selection. 

Maurya et al. (2018) worked on estimates of phenotypic and genotypic coefficient of 

variation were observed higher for number of fruit per plant followed by fruit yield 

per plant, vine length and node number of first staminate flower, fruit length whereas, 

average fruit weight, node number to anthesis of first pistillate flower and were 

moderate coefficient of variation. All of the characters had high heritability estimates, 

with the exception of days to anthesis of first pistillate flower, days to anthesis of first 

staminate flower, and node number of first pistillate flower, which had moderate 

heritability, and days to first fruit harvest and fruit diameter, which had low 

heritability. For the quantity of fruits per plant, high estimations of genetic advance as 

per cent of mean were reported. 

Thakur et al. (2018) evaluated varieties suited to specific agro-ecological conditions. 

A study was undertaken to evaluate eight different genotypes of bitter gourd 

(Momordica charantia L.) in relation to yield and yield contributing traits. All 

genotypes showed relevant results for different traits. Among genotypes Prachi 

produced the most fruit per plant (21.78), fruit yield per plant (1.16 kg) and total fruit 

yield (16.44 Mt ha-1) followed by Preeti, and these 2 genotypes had best results for 
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high yielding parameters, Whereas for earliness Polo-71 performed best for days to 

first male (31.83) and female flower (30.36).  

Priyadharshini et al. (2018) reported that the bitter gourd genotype MCM-19 

followed by MCM-22 and MCM-21 was reported to the most good potential 

genotype, with higher fruit yield per plant (0.72 kg) and other economic fruit yield 

attributes like as fruit length (5.51 cm), fruit circumference (6.47 cm), fruit weight 

(9.08 g), number of seeds per fruit (9.80) and 100 seed weight (10.59 g). The 

genotypes MCM-4 (5.90 0Brix) and MCM-21 (5.87 0Brix) had the highest maximum 

total soluble solids, while the genotypes MCM-26 (123.62 mg/100g) and MCM-22 

(122.59 mg/100g) had the highest ascorbic acid levels. 

Kumari et al. (2018) studied the yield constituent traits are less complicated to inherit 

and are impacted by environment to a lower degree, evaluating them solely on yield 

may restrict the improvement. Understanding the type and amount of variation in the 

available material, as well as the relationship between characteristics with yield and 

among themselves, are necessary for rational development of yield and its 

components. Although statistically proven by correlation coefficient, the effect of 

environmental factors on the characters is important for determining the influencing 

factors of the various characters on yield, it does not provide an actual description of 

the perceived significance of the direct and indirect effects of each of the characters 

on yield. The correlation coefficient was partitioned into direct and indirect effects 

using path coefficient analysis. 

Alhariri et al. (2018) observed and revealed that the (-23.65%) heterosis for days to 

first harvest when compared to the mid parent and (-28.24%) when compared to the 

standard parent. Over the mid and standard parents, the hybrid PDMGy-201 S-2 

demonstrated (-95.93%) and (-69.83%) sex ratio (male: female) heterosis, 

respectively. Fruit length (33.43 percent) over mid parent, fruit diameter (15.12 

percent) over standard parent, and flesh thickness (54.88 percent) and (29.07 percent) 

over mid and standard parents, respectively, revealed greater heterosis in the 

monoecious hybrid S-54 S-57. Over the mid and standard parents, all 28 F1 crosses 

showed substantial desirable heterosis in average fruit weight and yield per plant. 

Mallikarjunarao et al. (2018) reported that the combining ability study indicated that 

all of the characters gca and sca variations were significant. Characters including flesh 
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thickness, T.S.S., Vitamin-C, iron content and fruit yield per vine were all affected by 

non-additive gene action. Pusa do Mausami for T.S.S. and Phule Green Gold for 

Vitamin-C, iron content, and fruit yield per vine. Hybrids improved Katahi x Preethi 

for flesh thickness, Preethi x Pusa Do Mausami for T.S.S., Thusi x Pusa Do Mausami 

for Vitamin-C and Phule Green Gold x Pusa Do Mausami for iron content and fruit 

yield per vine according to specific combining ability analysis. 

Talukder et al. (2018)  found that genetic parameters, fruit weight, yield per plant, 

and fruit length had high genotypic coefficient of variation (GCV), but nodes per 

vine, days to first male and female flowering had low genotypic coefficient of 

variation (GCV). In every case, the phenotypic coefficient of variation was larger than 

the genotypic coefficient of variation, indicating that there was a lot of diversity 

among the genotypes and that there was a lot of room for selection. G9 and G13 had 

the shortest vine length of 3.90 m, while G8 had the longest vine length of 4.83 m. 

Rahman et al. (2019) studied on the exception of branches per vine, estimates were 

obtained for all of the characteristics investigated, indicating that virtually all of the 

variables under investigation are largely under genetic influence. Fruit length, fruit 

width, fruit weight, and quantity of fruits per plant all had high heritability and genetic 

progress, indicating that additive genes regulate these characteristics. These four 

characteristics were shown to be key yield related variables in the current study and 

may be utilised for phenotypic selection in bitter gourd breeding programmes. 

Pradhan et al. (2021) observed the fruit per vine-1 (91.36 percent and 49.11 percent), 

fruit circumference (91.12 percent and 26.74 percent), number of seeds per fruit-1 

(89.85 percent and 38.21 percent), total green fruit yield (89.35 percent and 44.67 

percent), sex ratio (88.10 percent and 63.38 percent), internodal length (87.82 percent 

and 46.83 percent), fruit length (87.82 percent and 46.43 percent). As a result, direct 

selection of these characteristics in bitter gourd has a lot of potential. 
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2.2 Correlation studies and path coefficient analysis 

 In vegetable breeding, understanding the type and size of the relationship 

between yield and yield components is of significant importance. Correlation 

coefficients are statistics that quantify the relationship and its extent between two or 

more variables. Correlation tests show that choosing one character leads to 

development of the other positively associated characters. Many of the characters 

have good or negative associations with other characters due to natural associations. 

The indirect correlation becomes more complicated as more factors are examined in 

table correlation. 

 The type and degree of link between any two quantifiable characteristics or 

variables may be determined using correlation coefficient analysis. It reduces 

complicated relationships between events to a basic kind of association, but it does 

not take into account the dependency of one variable on the other. Galton (1889) 

introduced the idea of correlation, which was developed by Fisher (1918) and 

Wright (1921). Classifying into phenotypic, genotypic and environmental 

components greatly improves the usefulness of correlation estimations (Burton, 

1952). Pleiotropy and gene linkage can cause genetic correlation, but phenotypic 

value is a non-additive mix of genetic and environmental connection. This study just 

shows the type of connection; it does not offer a precise picture of each component 

character's proportionate impact. A component character may not have a direct impact 

on a significant economic feature, but it may have an indirect impact through related 

characters. 

 As a result, understanding the direct and indirect effects of various traits on 

positive traits is critical for population improvement selection. The path coefficient 

determines the type of connection by dividing the correlation into direct and indirect 

effects (Falconer, 1989). The use of correlation between distinct characters can 

increase the efficiency of selection. The phenotypic correlation coefficient illustrates 

the amount of the observed relationship between two characters, which contains both 

hereditary and environmental factors, while the genotypic correlation coefficient 

shows the true (genetic) association between two characters and is most helpful in 

selection (Johnson et al. 1955). 

 Simple correlation analyses cannot distinguish between the direct contribution 
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of each component to the yield and the indirect influence it has through its connection 

with other components. This gap is filled by path coefficient analysis. Wright (1921) 

was the first to create and define it as a technique for genetic analysis that separates 

the connection of the components on yield from the indirect effects of the 

characteristics on yield through other components.  

 Path coefficient analysis is a standard partial regression coefficient that divides 

the correlation coefficient into direct and indirect effects, as well as measuring the 

direct and indirect contributions of numerous independent variables to the dependent 

variable. Correlation combined with route analysis would provide a better 

understanding of the cause and effect relationship between various characteristics. 

The following are the contributions of several cucurbit reviewers: 

Sharma and Bhutani (2001) analyzed path coefficient in bitter gourd and indicated 

that the number of fruits per plant had the greatest direct effect on production, 

followed by chlorophyll content, fruit length and fruit diameter. While vine length had 

the greatest indirect impact on production, it was followed by internodal length, 

average fruit weight, fruit diameter and fruit length via the number of fruits per plant.  

Sharma and Bhutani (2001) reported positive correlation among first female 

flowering and fruits per plant, length of fruit, diameter of fruit with average fruit 

weight, maximum number of fruits per plant and average fruit weight with total yield 

per plant.  

Shah and Kale (2002) evaluated correlation for yield component of 55 cultivars in 

ridge gourd. Fruit weight per plant had a highly significantly positive relationship 

with fruit number per vine, fruit weight, number of female flowers per vine and vine 

length, showing significant relationship and dependent on these parameters for yield. 

Dora et al. (2002) observed the except for the number of branches per plant, diameter 

of fruit, fruit length and days from fruit set to marketable maturity, all four parameters 

showed a moderate positive association with yield, with the exception of the number 

of branches per plant, which has a positive direct effect. As a result, fruit diameter, 

length and days from fruit set to marketable maturity can all be used to enhance 

production. In the case of features like the number of days it takes for the first bloom 

to develop, the weight of the fruit, and the number of nodes per plant in pointed 
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gourd, there is a positive direct and negative association with yield.  

Bhave et al. (2003) reported that at both genotypic and phenotypic levels, there was a 

positive and significant relationship between fruit yield per vine and flowering 

duration, harvesting span, fruit length, fruit breadth, fruit rind thickness, number of 

fruits per vine, average fruit weight, biological yield, dry matter, and harvesting 

index. In bitter gourd, green fruit production had a negative association with days to 

first flowering at both the genotypic and phenotypic levels. Harvesting duration, 

leaves per plant, fruit length, average fruit weight, seeds per fruit, fruit per vine, 

biological yield and bitter gourd quality were all found to have a positive significant 

direct impact on yield. 

Goa-Shan (2004) studied on 15 agronomic characters of 21 Balsam pear cultivars for 

correlations and principal components. Correlation found that the early stage fruit 

yield was positive highly significantly correlated with the node order of the first 

female flower, blooming period of female flowers and fruit bearing number per plant, 

while the, the total yield was a strong and moderate correlation with the fruit bearing 

number per plant, early stage yield, rate of female flowers, node order of the first 

female flowers and blooming period of female flowers.  

Dey et al. (2005) reported that the phenotypic correlation is more important than 

genotypic correlation. Fruit weight had the strongest positive association, followed by 

fruit quantity per plant, flesh thickness, days from fruit set to maturity, fruit index, 

fruit length, and fruit diameter. Fruit weight and quantity of fruits per plant have a 

significant and favourable direct impact on bitter gourd output. They found that fruit 

weight, number of fruits per plant, and node number of initial female flower 

appearance are the most dependable and reliable criteria for selection to enhance 

production, based on path analysis. 

Kutty and Dharamatti (2005) worked on 40 divergent genotypes of bitter gourd 

(Momordica charantia L.) for correlation and path coefficient. Days to first female 

flowers opening, first female flowers node number, number of leaves at 50% 

flowering, days to first harvest, productive length of vine, number of seeds per fruit, 

fruit length, number of fruits per plant, total yield per plant, fruit weight, fruit fly 

infestation, and downy mildew incidence were all recorded. The most important traits 

contributing to yield per plant were the number of leaves at 50% flowering stage, 
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number of seeds per fruit, fruit length, number of fruits per plant, and fruit weight, all 

of which had very high direct effects, positive correlations, and high indirect effects 

through other economic characters. 

Ram et al. (2006) studied in Uttar Pradesh, researchers analyzed the relationship 

between yield components in 26 varieties of bitter gourd (Momordica charantia L.). 

For all parameters, the genotypes differed considerably (number of days to 

germination, number of days to first female anthesis, number of days to first male 

flower anthesis, node to first male flower emergence, node to first female flower 

emergence, number of fruits per plant, fruit length, fruit diameter, plant height, 

average fruit weight, seed weight per fruit, and yield per plant). Number of days to 

male flower emergence had the largest coefficient of variation (44.87 percent), 

followed by seed weight per fruit (40.48 percent) and yield per plant (39.47 percent ) 

fruit weight (30.97 percent) and fruit length (30.82 percent).  

Singh et al. (2006) reported in bitter gourd, there was a positive and significant 

relationship between yield per plant and number of fruits per plant, but not with days 

to first male flower anthesis, days to first female flowers anthesis or fruit diameter. 

Singh et al. (2006) evaluated in 30 diverse genotypes of bitter gourd for 12 

characters. Various genetic parameters were estimated. Compared to the mean 

performance for yield components, analysis of variance for the design of the study 

revealed statistically significant differences between genotypes for all attributes. The 

yield per plant had the highest phenotypic coefficient of variation followed by the 

number of fruits per plant and the average fruit weight. 

Sundaram and Vadivel (2007) observed to determine the relationship between yield 

related characteristics and yield, study examined 20 genotypes of bitter gourd 

(Momordica charantia L.) for 14 biometric traits in saline sodic soil. The number of 

female flowers per vine, the number of fruits per vine, the vine length and the fruit 

weight all exhibited a strong positive relationship with yield. The number of female 

flowers per vine and the quantity of fruits per vine had the strongest positive 

connection. The quantity of fruits per vine had the highest positive direct effect on 

output, whereas, the number of female flowers per vine had the highest negative 

direct effect on output, according to the path coefficient analysis. The number of 

female flowers produced per vine had the greatest indirect positive effect on yield via 
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the number of fruits produced per vine, indicating that the number of fruits per vine 

and the number of female flowers produced per vine could be considered primary 

yield factors in bitter gourd under salt stress and that selecting for these attributes 

would also yield the desired outcome.  

Yadav et al. (2008) studied that the analysis of variance on 17 bitter gourd cultivar 

characteristics revealed significant differences. The highest vine length, the number of 

main branches per vine and the intermodal length were all recorded. The highest 

number of nodes was found in JMC-4. In MC-84, the minimum number of days for 

the initial emergence of male flowers as well as the maximum fruit length, fruit, 

width, fruit per vine, yield per plot and yield per hectare were much lower. GY-1 had 

the highest number of fruits per vine. 

Yadav et al. (2010) reported on the fruit yield per plant was observed to have 

significant positive and correlation coefficient with days to first female 

flowers anthesis, vine length (m), number of primary branches per plant, length of 

fruit (cm), weight per fruit (kg) and number of fruits per plant whereas, the length of 

fruit (cm), weight per fruit (kg) and number of fruits per plant were also found to have 

a positive and direct effect on fruit per plant. As a result, a high focus was placed on 

fruit weight (kg) and quantity of fruits per plant in the selection programme for bottle 

gourd development in the future. 

 Sureja et al. (2010) observed the thirteen growth and average yield indicators, as 

well as fourteen quality traits, were assessed. For characteristics including days to 

fruit maturity, number of seeds per fruit, seeds weight per fruit, iron and zinc content, 

phenotypic and genotypic coefficients of variation were detected. Elevated estimates 

of genetic advance as a per cent of mean were found for yield per vine, number of 

fruits per vine, seeds weight per fruit, number of seeds per fruit, vitamin-C, iron and 

copper content as well as a high number of heritability, revealing that all these aspects 

are governed by additive genes and that prolonged selection would be beneficial in 

modifying the populations mean performance. 

Kumar et al. (2011) evaluated for all characteristics, the phenotypic coefficient of 

variation (PCV) was greater than the genotypic coefficient of variation (GCV). Fruit 

yield per plant had the highest genotypic and phenotypic coefficients of variation, 

followed by fruit length and number of seeds per fruit. Fruit production per plant, 
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number of seeds per fruit, and fruit diameter all had strong heritability. In terms of 

fruit output per plant, there was a lot of genetic progress. As a result, selective 

breeding procedures may be used to increase these characteristics. 

Singh et al. (2011) studied on 103 genotypes of sponge gourd were used to analyzed 

that the association and path analysis of ten quantitative yield traits. The genotypic 

correlations were greater than the phenotypic correlation coefficient for the most part, 

this implies that there is an underlying link between them. Fruit yield per plant was 

shown to be substantially and positively linked with fruit length, width, weight, and 

number of fruits per plant, but not with days to first male flower, days to first female 

bloom, or days to first harvest. The quantity of fruits had the greatest direct influence 

on fruit output per plant (0.858) followed by fruit weight (0.443). 

Singh et al. (2012) worked on the path coefficient analysis of 10 yield relevant 

quantitative parameters, 110 cultivars of ridge gourd were examined. Genotypic 

correlations were larger than phenotypic correlations, indicating an underlying 

connection between them. Fruit yield per plant was shown to be highly and positively 

associated with fruit length, fruit diameter and fruit weight, but not with days to first 

female bloom and days to first harvest. Fruit weight (0.432) had the highest direct 

effect on fruit yield per plant followed by the number of nodes to first female flowers 

(0.102). 

Huang et al. (2012) reported on research in bitter gourd (Momordica charantia L.) 

genetics and breeding, comprising fruit character inheritance, gynoecious breeding, 

sex differentiation, disease resistance breeding, haploid breeding, and novel variety 

selection. Also, it explains the current difficulties with bitter gourd breeding in China 

as well as future trends based on the current state of bitter gourd breeding. 

Pandey et al. (2013) evaluated 30 sponge gourd genotypes including Pusa Chikni 

(national check) best suited to high yield and marketable character for 11 traits. Days 

to first marketable fruit harvest had a considerable and favourable relationship with 

days to first male flowers anthesis and days to first females flower anthesis. Average 

fruit weight, number of fruits per plant and days to first marketable fruit harvest all 

showed a positive direct effect on marketable fruit yield per plant, according to the 

path coefficient analysis. According to the findings, an ideal plant with days to first 

marketable fruit harvest, days to anthesis of first female flower, days to anthesis of 
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first male flower, higher average fruit weight, and maximum number of fruits per 

plant could aid in forming an attractive plant with high yield and remarkable 

marketable fruit yield per plant in sponge gourd. 

Devi et al. (2013) examined to the degree of diversity in the population and to select 

genotypically diverse and commercially attractive genotypes for crop improvement, 

the study examined 50 genotypes of snake gourd (Trichosanthes anguina L.). For all 

of the characteristics studied, the phenotypic coefficient of variation was found to be 

somewhat greater than the genotypic coefficient of variation, showing that the 

apparent variation is not simply genetic, but also attributable to the effect of the 

growing environment on genotype expression. 

Pathak et al. (2014) worked on days to first male and female flower anthesis and 

days to marketable maturity from anthesis, which are indicators of a higher proportion 

of additive genetic variance and, as a result, a high genetic gain from selection, and 

days to first male and female flower anthesis and days to marketable maturity from 

anthesis, indicated that non-additive gene effects were involved in the expression of 

these characters. The quantity of fruits per plant exhibited a strong positive 

association with yield, according to correlation analysis. The association was further 

divided into direct and indirect effects using path analysis. Fruit weight, number of 

fruits per plant and fruit length were shown to be directly associated with yield, 

suggesting that selection based on these characteristics would be more profitable. 

Singh et al. (2014) found that fresh fruit yield per plant had the highest phenotypic 

and genotypic coefficients of variation followed by fruit length, fruit width and 

number of fruits per plant, showed highest genetic variability in all these traits. Fruit 

length, yield per plant, fruit diameter, fruit weight, branches per plant and seeds per 

fruit all had strong heritability and genetic gain as a per cent of mean, showing the 

potential influence of role of additive gene action.  

Gupta et al. (2015) evaluated on 26 bitter gourd cultivars including check (Solan 

Hara) Examine the relationship between yield components as well as both direct and 

indirect effects on total marketable fruit yield. While, the correlation of different 

characters with yield is helpful for improvement and provides criteria for direct 

selection of component characters, improvement of yield attributing characters, which 

can also be superior as beaded curtain, must be considered while selecting for yield. 
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Average fruit weight (0.726), marketable fruits per vine (0.547) and seeds per fruit 

(0.377) all had a positive phenotypic correlation whereas, marketable fruits per vine 

(0.684), seeds per fruit (0.625) and average fruit weight (0.726) all had a negative 

phenotypic association (0.591) and The genotypically favourable relationship with 

total marketable fruit yield per hectare was seen at the node where the first female 

blossom emerges (0.338). 

Khan et al. (2015) tested the variability in genotypes for yield characters, evaluation 

of genetic and environmental factors and character relationship and contribution to 

yield.  There was a lot of considerable variance among the genotypes for all of the 

characters. For branches per vine, yield per plant and quantity of fruit per plant, 

significant genotypic coefficients of variation (GCV) were found, but days to first 

male and female flowering had low genotypic coefficients of variation (GCV).  

Gupta et al. (2016) studied with twenty-six bitter gourd genotypes and all 

characteristics exhibited greater phenotypic coefficients of variation (PCV) than 

genotypic coefficients of variation (GCV), showing a strong relationship among 

genotype and phenotype. For branches per plant, the PCV and GCV were high, 

followed by fruit yield per plant and total marketable fruit production per hectare. 

Number of branches per plant had the highest heritability estimates, followed by fruit 

size and number of seeds per fruit, all of which showed non-additive gene activity and 

may be enhanced by hybridization. In terms of overall marketable fruit production per 

hectare, there was a lot of genetic gain. 

Yadagiri et al. (2017) observed that twenty genotypes of bitter gourd were studied. 

 the genotypes for all the traits. Correlation analysis revealed a significant positive 

correlation for yield between vine length (0.640), number of branches per vine 

(0.577), number of male flowers per vine (0.594), number of female flowers per vine 

(0.529), number of fruits per vine (0.649), length of fruit (0.724), weight of 

fruits (0.961), number of seeds per fruit (0.360), seeds weight per fruit (0.380).  

Yadagiri et al. (2018) estimated to the path analysis separated the association into 

direct and indirect effects and calculated twenty genotypes of bitter gourd for 

assessing their performance. Harvest duration (0.004), vine length (0.030), number of 

seeds per fruit (0.045), and fruit length (0.094) were shown to be directly linked with 
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yield, implying that selection based on these features would be more profitable. 

Talukder et al. (2018) reported that the Sher-e-Bangla Agricultural University 

experimental farms in Dhaka, 20 genotypes of bitter gourd (Momordica charantia L.) 

were evaluated. Between genotypes, there is significant variance in all of the 

characters. Fruit weight, yield per plant and fruit length all had significant genotypic 

coefficient of variation (GCV) when genetic factors were included. The phenotypic 

coefficient of variation was found to be higher than the genotypic coefficient of 

variation, showing a broad range of variation between genotypes and allowing for 

more selection options. 

Kumar et al. (2018) evaluate the fifteen genotypes of bitter gourd to Weight per fruit 

had the most phenotypic and genotypic variation, as well as the greatest genetic gain. 

GA per cent of mean was assessed for fruit yield per plant (kg) and higher heritability 

for primary branches per plant, the highest of PCV and GCV. 

Tyagi et al. (2018) studied on the genotypic correlation coefficient was found to be 

greater than the phenotypic correlation coefficients in investigations. This meant that 

the environment's suppression effect changed the phenotypic variation of these 

characters by lowering phenotypic correlation coefficients. At both the phenotypic 

and genotypic levels, path analysis revealed that average fruit weight (g) and quantity 

of fruits per plant had the highest direct effect on yield, indicating their relevance 

when applying selection for yield correlation in bitter gourd.  

Maurya et al. (2018) reported on the estimates of genotypic and phenotypic 

coefficient of variations, number of fruits per plant followed by fruit yield per plant, 

vine length and node number of first staminate flowers and fruit length had higher. 

Whereas, average fruit weight, node number to anthesis of first pistillate flowers and 

fruit length had moderate coefficient of variations. All of the characters had high 

heritability with the exception of days to anthesis of first pistillate flowers, days to 

anthesis of first staminate flowers and node number of first pistillate flowers which 

had moderate heritability and days to first fruit harvest and fruit diameter which had 

low heritability. 

Kumari et al. (2018) carried out the work to evaluate characters that are less 

complicated in inheritance and are less impacted by the environment are used to 
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assess the yield component characters. Although useful in determining the relative 

influence of the various characters, understanding the nature and magnitude of 

variation in the available material, and the association of characters with yield and 

among themselves, as well as the extent of environmental influence on the characters, 

which is statistically determined by the correlation n coefficient, is necessary for 

rational improvement of yield and its components. The correlation coefficient was 

separated into direct and indirect effects using path coefficient analysis. It contributes 

to an understanding about how each independent character affects the dependent 

character. 

Bhagat et al. (2018) the conducted an investigation with 33 spine gourd cultivars 

were used to estimate genetic parameters, correlation, principal component analysis 

and cluster analysis. Fruit yield per plant was shown to have 43 significant positive 

relationships with number of initial blooming nodes, ovary length, single fruit 

weight and number of fruits per plant. The seven major principal component lines 

explained for 76.4 percent of the variance in the divergence across spine gourd 

genotypes, according to principal component analysis. Cluster-III had the most 

genotypes (12), whereas Cluster-I (11) had the fewest genotypes, Cluster-II (8) had 

the fewest genotypes and Cluster-IV had just two genotypes. The genotypes were 

divided into four groups based on main component scores in PCA and cluster 

analysis. 

Kumar et al. (2018) observed that the genotypes, HABG-22, NDBT-07, NDBT-09, 

Meghana-2, Selection-5, Preethi, Phul Ujjwala, Priya, Nakhara, Pant Karela-1, 

Hirkani, VRBT-23, Pusa Vishesh, Pusa Ashaudhi, and Arka Harit were among the 

fifteen bitter gourd genotypes. It is apparent from the correlation coefficient and direct 

and indirect effects of fruit yield contributing parameters for bringing forth intended 

improvements in bitter gourd fruit yield. Direct selection factors include average fruit 

weight and fruits per vine. 

Alekar et al. (2019) assessed that the  vine length after harvest, number of primary 

branches per vine, number of fruits per vine, average fruit, fruit yield per vine, 

average fruit weight, average fruit length, yield tonnes per hectare Fruit yield per 

hectare exhibited a significantly positive association with yield components 

characters, according to correlation studies. Characters like the number of female 
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flowers per vine, the number of fruits per vine, the average weight of fruit, crop 

duration, average length of fruit and average diameter of fruit should be emphasized 

when identifying high producing genotypes. 

Tiwari et al. (2021) reported for all traits, the phenotypic coefficient of variance was 

greater than the genotypic coefficient of variance in fifteen cultivars of bitter gourd 

(Momordica charantia L.). Fruit yield per plant (g) and number of branches per plant 

had the highest genotypic coefficient of variation (GCV). Fruit yield (96.89 q/ha) was 

found to have a high heritability. The number of days till first harvest (61.00) revealed 

that modest heritability. Fruit yield (62.13 q/ha) had the highest genetic advance  

in per cent of the mean. 

2.3 Genetic divergence analysis  

 Genetic diversity is an essential requirement with the purpose of improving 

the crop via breeding. In breeding programmes, using a variety of parent’s aids in the 

isolation of superior individuals recombinant cluster analysis and meterologlyph 

analysis which are useful in selecting genetically distant parents. In advance 

segregation generations, genetic diversity affects a cross's inherent heterosis capability 

and the probability of attractive progenies. 

 D2 statistics developed by P.C. Mahalanobis (1928) offers a scale of biological 

population divergence and the comparative contribution for every component feature 

to the overall divergence. D2 analysis is useful in identification of divergent parent for 

use in the hybridization programmes. The D2 analysis is only possible by replicated 

data. In D2 analysis the genetic diversity is depicted by the cluster representing 

number of groups in which a population can be classified on the basis of D2 statistics.  

Varalakshmi et al. (1994) studied on 58 genotypes and analyses for genetic 

divergence in ridge gourd genotypes for 19 quantitative characters. Mahalanobis (D2) 

statistic was applied to study genetic divergence and Tocher’s method was used to 

form the clusters. 58 genotypes were divided into five groups, although there was no 

correlation among geographical distances and genetic divergence in general. Cluster 

averages for total plant, sex ratio, fruit number per plant, fruit weight, and yield per 

plant all showed significant variance. Cluster-III was the most divergent from the 

other clusters, according to the inter-cluster D2 values. A crossing scheme is outlined 
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for the development of an early, high yielding cultivar.  

Mathew et al. (2001) reported on the genetic diversity of 28 bottle gourd germplasm 

obtained from various districts of Kerala, India, was investigated. During 1998-99, 

Mahalanobis D2 statistics were used to assess the genetic divergence of accessions. 

Accessions were classified into eight groups based on D2 values of 17 yield associated 

characteristics. The clustering pattern revealed there was no relationship among 

geographical distribution of germplasm and genetic divergence for such attributes that 

contributed the most to genetic divergence number of fruits, average fruit weight, vine 

length, and fruit set per cent.  

Badade et al. (2001) observed in a collection of 20 different bottle gourd cultivars, 

genetic divergence was investigated using Mahalanobis D2 statistics for 7 quantitative 

characteristics, including yield per vine (Lagenaria siceraria L.). The cultivars differ 

widely in nearly every aspect and they were classified into ten groups based on D2 

value comparisons. Vine length, number of branches, proportion of female flowers, 

fruits per vine, length and diameter of fruit and yield per vine all showed significant 

variation within and between clusters. 

Islam (2004) analyzed the using D2 and canonical analysis, genetic divergence across 

42 bottle gourd genotypes from Bangladesh was reported in 2000. Five clusters were 

formed from the germplasm. There was no immediate connection among both 

geographic origin and genetic diversity. Cluster I and Cluster IV had the highest inter-

cluster distance, while Cluster III and Cluster IV had the smallest. The most major 

sources to overall genetic divergence were primary branches per plant, fruit length 

and weight, number of fruits and yield per plant. D2 analysis produced results that 

were also validated by canonical analysis. The germplasm in clusters I and II, which 

are the most divergent, represent potential parents for hybridization programme.  

Karuppaiah et al. (2005) studied divergent analysis in ridge gourd (Luffa 

acutangula) genetic divergence was evaluated in 12 genotypes of ridge gourd, Using 

the Mahalanobis D2 method. The genotypes were divided into four groups: I (four 

genotypes), II (one genotype), III (three genotypes) and IV (four genotypes) (4 

genotypes). Cluster-IV (LA-7, LA-9, LA-10, and LA-12) had the highest mean values 

for vine length (6.20 m), number of male flowers per plant (79.30), number of female 

flowers per plant (23.20), yield per plant (5.20 kg), single fruit weight (242.20g), fruit 
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length (29.40 cm), number of fruit per plant (24.10), number of seeds per fruit 

(52.30), fruit size index (173.20), fruit size index (173.20), and (18.60 g). As a result, 

LA-7, LA-9, LA-10, and LA-12 from Cluster IV should be included in the breeding 

effort. 

Dey et al. (2007) observed in the 17 characters, investigators used 38 genotypes, 

including two potential gynoecious lines, to investigate genetic divergence in bitter 

gourd. Regardless of geographical difference, these genotypes were classified into six 

groups, demonstrating that geographic as well as genetic diversity are not related. 

Cluster IV was very large containing 17 genotypes including some of the 

commercially released cultivars, while cluster IV was represented by two gynoecious 

lines. Cluster II and IV had the greatest inter-cluster distance, whereas cluster II and 

VI had the smallest gap. Cluster IV outperformed cluster III in terms of yield and 

other desired qualities, indicating that these varied genotypes collection has the 

potential to provide fundamental material for future breeding programmes, since 

cluster III contained the majority of commercially marketed cultivars.  

Sundaram and Vadivel (2007) found in the genetic divergence investigation, 22 

bitter gourd genotypes collected from various geographical areas under saline soil 

indicated a high level of genetic variety, forming six clusters. There was no 

parallelism between geographical diversity and genetic diversity among the genotypes 

tested, according to the clustering pattern of genotypes. Cluster-I had the most 

genotypes, with 14 in total, whereas clusters V and VI each had only one genotype. 

Clusters IV and V, as well as clusters I and V, had the greatest inter-cluster distances. 

Sundaram (2008) observed in the 22 genotypes of bitter gourd, study examined at the 

nature and magnitude of genetic divergence. The findings indicated a wide range of 

genetic variability. Tocher's method was used to divide the genotypes into six groups 

based on Mahalanobis D2 statistics. The genotype clustering pattern indicated that 

genetic diversity was unaffected by geographical variety. Cluster I had the most 

genotypes of the six clusters, whereas clusters V and VI were mono-genotypic. 

Average fruit weight contributed the most to the divergence of the 14 quantitative 

characteristics investigated, contributing for 26.83 percent followed by yield of fruits 

per vine and fruit length. The ability to select parents for heterosis breeding based on 

intra-cluster mean performance for these characters, which are major contributors to 
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genetic diversity, was revealed by ranking genotypes based on intra-cluster mean 

performance for these characters, which are major contributors to genetic diversity. 

Islam et al. (2010) studied on the Mahalanobis D2 and principal component analysis 

were used to investigate the genetic divergence of twenty genotypes of bitter gourd. 

All genotypes undergoing investigation are divided into four groups. The cluster with 

the most genotypes, Cluster I had a total of ten. Cluster IV has the smallest number of 

genotypes. Cluster II had the greatest mean weight per fruit value. Inter-cluster 

distances were much greater than intra-cluster distances. Cluster I has the most intra 

cluster distance, whereas Cluster III has the smallest distance. The distance between 

clusters I and II was the greatest, while the gap between clusters II and IV was the 

smallest. Cluster II had the greatest intra cluster means for weight per fruit and five 

significant yield contributing characteristics. As a result, greater attention should be 

placed on the cluster for selecting varied genotypes as parents for crossing with 

cluster II genotypes, which may result in novel recombination with desirable 

characteristics. Taking into account all of the characters, the G1 (Shaparan), G5 

(Rampali gaj), G9 (Nabil), and G12 (Shaparan) (Nandita). For the future breeding 

programme, G14 (Eureca), G16 (Tia) and G19 (Maharaj) were identified. 

Quamruzzaman et al. (2011) studied on the cluster analysis was performed on 

Bangladesh  20 local genotypes of sponge gourd. The genotypes were divided into 

five groupings, ranging from two genotypes in cluster IV to six genotypes in cluster 

III. The inter-cluster distance was always higher than the intra-cluster distance, 

indicating that the genotypes of disparate groups had more genetic variation. Cluster 

II and IV genotypes had the highest inter-cluster distance (22.353) followed by cluster 

I and II (15.819). While, genotypes of cluster I and V had the smallest (4.504). Cluster 

II had the maximum intra cluster number (0.803), owing to genetic divergence. 

Yadav et al. (2011) evaluated the 30 genotypes of sponge gourd germplasm were 

grouped into VI cluster. For 11 characters, the various clusters revealed significant 

variations in intra-cluster group means. Cluster VI had the highest cluster mean for 

fruit output per plant, followed by Cluster III. The highest direct influence on fruit 

output per plant suggested that these qualities should be prioritized in the selection 

process. In divergence analysis, major cluster III comprised 13 genotypes of various 

origins, suggesting that there is no parallelism between genetic and geographic 
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diversity. As a result, activities among cluster members separated by large inter-

cluster distances are likely to create desirable segregates. 

Khule et al. (2012) reported on 30 genotypes of sponge gourd genotypes were 

examined and classified into four groups. In general, the clustering pattern suggested 

that geographical origin cannot be used as the primary criterion for genetic diversity, 

as genotypes from various origins were clustered together in a single cluster. Cluster 

IV (12 genotypes) had the most genotypes, followed by clusters II and III (7), while 

cluster I had four genotypes. Cluster II had the greatest intra-cluster separation 

(2.637). Cluster I and Cluster IV (5.080) had the greatest inter-cluster distances, 

followed by Cluster I and Cluster II (5.080). (4.726). The results showed that when 

selecting genotypes for hybridization from various clusters, inter and intra-cluster 

distances, cluster means for fruit production and its components should be considered. 

Marketable fruit production per plant (35.40), days to first male bloom (20.22), fruit 

length (18.62), and 100-seed weight (11.26) all contributed the most to overall genetic 

divergence, according to the study. 

Kundu et al. (2012) observed that the some methods of genetic divergence like a 

PCA, PCO, CVA, Cluster analysis (CLSA) and Mahalanobis analysis were used to 

assess genetic divergence among 36 genotypes of bitter gourd (Momordica charantia 

L.). 36 genotypes were sorted into six remote groups using multivariate analysis based 

on 22 characteristics. PCA was also used to analyse the genetic diversity of 36 

genotypes. 60.04 percent of the overall variance was accounted for by the first three 

components. The days to the first male flower opening, the number of primary 

branches per vine, the fruit production per vine, the days to green fruit maturity, and 

the seed weight per fruit mature seed width had the most impact on the divergence. 

Resmi et al. (2012) evaluate on the genetic diversity of 33 bitter gourd genotypes 

from various geographical origins. The Mahalanobis statistic study revealed that there 

was no relationship among genotype frequency and genetic divergence depending on 

the clustering pattern. The completely distinct and improved lines were genetically 

differentiable, according to the cluster based on quantitative data. The grouping 

pattern based on variance in yield related characteristics was remarkable. 

Singh et al. (2014) analyzed  multivariate analysis based on cluster and principal 

component (PC) for yield and During the summers of 2011 and 2012, eleven 
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germplasm characteristics in 32 bitter gourd genotypes, including two checks, Pusa 

Do Mausami and Kalyanpur Sona. Cluster V (NDBT-12) and Cluster VI had the 

greatest average inter cluster distance (717.86). (NDBT-76). Fruit weight and fruit 

length each contributed 74% and 13% to genetic divergence, respectively. Cluster V 

had the highest mean values for fruits per plant, fruit weight (g), and fruit production 

per plant (kg), followed by Cluster II. The main 6 components (PC 1, PC 2, PC 3, PC 

4, PC 5 and PC 6) contributed for 83.19 percent of the total variation, with 

proportionate contribution values of 23.88, 16.81, 13.28, 11.23, 9.38, and 8.61 

percent, respectively, according to principal component analysis. The first PCA has a 

positive relationship with the number of nodes between the anthesis of the first 

staminate flowers and the days until first fruit harvest, but a negative relationship with 

fruit weight (g) and fruits per plant. 

Ghosh et al. (2015) estimated the genetic diversity in different characteristics, such as 

fruit yield, between genotypes. Cluster II had the greatest cluster mean for vine 

length, nodes per vine, branches per vine, days to first male and female flowering, 

weight per fruit, and yield per plant, while days to first male and female flowering 

were the most relevant yield contributing feature. In terms of genetic distance, cluster 

mean for various characteristics and field performance, the genotypes G2, G5, G14, G15 

from cluster II, genotypes G1 and G3 from cluster I, genotypes G8 and G9 from cluster 

III and genotypes G10, G11, G13 from cluster IV are appropriate for future 

hybridization programme.  

Kumari et al. (2017) reported on Mahalanobis D2 statistics were used to investigate 

genetic divergence between 16 genotypes of bitter gourd (Momordica charantia L.) 

for 16 yield attribution traits. On the basis of D2 value comparisons, the genotypes 

were divided into six groups. Cluster I had the most genotypes (6) followed by cluster 

II, cluster III and cluster IV (3 genotypes). While, cluster V had only one genotype. 

Cluster I (2411.503) had the maximum intra-cluster distance, while Cluster V had the 

minimum intra-cluster distance. Because of their better mean performance within 

group, genotypes from cluster I might be utilised as parental lines in a hybrid breeding 

programme. Cluster V and Cluster I had the largest inter cluster distance, indicating 

that the genotypes in these two groupings were more genetically diverse. 

Tyagi et al. (2017) worked to identify the nature and degree of genetic diversity 
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between 31 genotypes of bitter gourd Tocher's technique divided all bitter gourd 

genotypes into six different groups based on D2 values. Cluster IV has the most 

genotypes (seven), followed by cluster V. The distances between clusters were greater 

than the distances between clusters. Cluster III and VI had the greatest inter-cluster 

distance (58.37) followed by Cluster II and VI showing that members of these two 

clusters are genetically significantly different. Cluster I had the greatest intra-cluster 

distance (18.42) which was followed by Cluster V. In most biometric characteristics, 

clusters IV, III, and II outperformed clusters I and II. Vine length followed by fruit 

diameter and average fruit weight, contributed the most to genetic difference (34.41 

percent) among some of the 12 variables investigated in bitter gourd. The ability to 

select parents for heterosis breeding was shown by ranking genotypes based on intra-

cluster mean performance for the characters, which are important contributors to 

genetic diversity. 

Maurya et al. (2018) evaluated the Mahalanobis D2 statistics were used to analyse the 

thirty genotypes of bitter gourd. Thirty genotypes were divided into six non-

overlapping groups. Cluster III contained the most genotypes (8), followed by cluster 

II (7), cluster V (6), cluster IV (5), and cluster I, VI (2), with just two genotypes in 

each cluster. Cluster VI had the largest intra-cluster distance (123.61), followed by 

cluster V (91.85), cluster I (69.08), and cluster II (62.75), and cluster IV (62.75). 

(47.92). Clusters III and VI had the greatest inter-cluster distance (231.577)which 

suggested that members of these two clusters are genetically very diverse to each 

other. 

Angadi et al. (2018) analyzed the Tocher's technique was used to divide genotypes 

into ten groups based on Mahalanobis D2 statistics. The genotype clustering pattern 

indicated that genetic diversity was unaffected by geographical variety. Cluster I had 

the highest number of genotypes among the ten clusters. The rind thickness 

contributed the most to the divergence among the 19 quantitative characteristics 

investigated, accounting for 35.01 percent, followed by fruit production per vine. The 

ability to select parents for heterosis breeding based on intra cluster mean 

performance for these characters, which are major contributors to genetic diversity, 

was revealed by ranking genotypes based on intra cluster mean performance for these 

characters, which are major contributors to genetic diversity. 
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Singh et al. (2019) revealed that cluster VI had the greatest mean vales for vine length 

(m), node count per vine, primary branch count per plant, and fruit length (cm). Both 

in cluster I and VI, would provide a strong opportunity for crop enhancement through 

a hybrid breeding programme based on rational selection. Characters such as average 

fruit production per plant (41.27 percent), number of fruits per plant (11.38 percent), 

and node number to anthesis first staminate flowers (11.38 percent) contributed the 

most to genetic divergence and therefore had a significant influence in sponge gourd 

progress. 

Singh et al. (2020) studied on clustering technique was used to arrange 40 bitter 

gourd genotypes into six groups. Cluster II had the most genotypes (19), followed by 

cluster II, which had 13 genotypes, and clusters III and IV, which each had three 

genotypes. Mono-genotypic clusters V and VI were discovered. The intra-cluster 

divergence and inter-cluster divergence were calculated. Intra-cluster divergence 

varied between 0.00 and 43.68. Cluster IV had the highest intra-cluster divergence 

(43.68), followed by Cluster II (41.32) and Cluster I (40.30). (38.85). Clusters V and 

VI exhibited the lowest intra-cluster divergence, with a value of 0.00. Clusters I and 

VI had the highest inter-cluster divergence (88.84), whereas clusters II and IV had the 

lowest divergence (51.97). Fruit yield per vine had the greatest mean value (2.22) in 

Cluster III. Cluster I, on the other hand, had the lowest mean value (0.71). 
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Chapter-V 

DISCUSSION 

Genetic variation is the basis of every crop improvement strategy and the 

performance of selection is determined by the nature and intensity of species diversity 

as in genetic material under the plant breeder's control. In other words, variation is 

important for selection. Thus, to a large degree breeding methods. The frequency of 

expansion in every crop is controlled by the quantity and type of genetic variation 

available in the crop. Variability is hereditary and fundamental in selection. 

The selection programme mainly depends on the situation of the quantity of 

the heritable component of variability. Estimates of heritability give information on 

the transfer of the character through parental material to progeny. The estimations 

allow for the assessment of genetic and environmental factors in phenotypic variance, 

which helps in selection. The heritability appraisal is used to evaluate genetic progress 

under selection, allowing breeders to indicate genetic enhancement and show success 

for selections of various kinds and levels. Johnson et al. (1955) have suggested that 

estimates of heritability in combination with genetic advancement are far more 

valuable for selection than heredity alone. 

Because of the problems explained by Grafius (1964), the importance of 

character association can scarcely be overstated. While path analysis seems to be 

probably of the plant breeder's usage is restricted, it does provide knowledge into the 

complicated interaction between various characteristics of a biological feature and 

indicates whether the observed correlates with direct effect via other factors. As a 

result, path analysis examines the causes as well as the characters' respective 

relevance. Considering the above aspects, the present investigation was under taken 

with the following objectives: 

1. To investigate the variability, heritability and genetic advance for the 

quantitative characters, 

2. To estimate correlation among the important economic traits, 

3. To find out the direct and indirect effects of yield components by path 

analysis 

4. To evaluate the genetic divergence for yield and yield attributing traits. 

Aim of any plant breeding programme is to develop high yielding varieties with better 

quality superior over existing one. The variability in selection of genotypes. The 
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knowledge of association between characters and both direct and indirect effect 

contributions towards expression of yield is additional help to plant breeder in 

deciding the selection criteria. A Germplasm collection provides the richest source of 

variability (Frankel and Hawkes, 1975). 

In the present investigation, twenty genotypes of bitter gourd sowing wide 

spectrum of variation for various marketable fruit yield per plant were evaluated in 

the field for twenty one characters during 2018-19 and 2019-20, respectively. The 

experiment was conducted in Randomized Block Design and replicated thrice at the 

Horticulture Research Farm-I, Babasaheb Bhimrao Ambedkar University (A Central 

University), Vidya Vihar, Rae Bareli Road, Lucknow (U.P.), India. The observations 

were recorded on 15 physical characters and 6 chemical characters in field and 

laboratory  conditions  were considered viz., Node number to first staminate flowers, 

node number to first pistillate flowers, days to anthesis of first staminate flowers, days 

to anthesis of first pistillate flowers, days to first fruit harvest, vine length (m), fruit 

length (cm), nodes per plant, number of branches per plant, number of seeds per plant, 

fruit diameter (cm), number of fruits per plant, seeds weight per fruit (g), average fruit 

weight (g), ascorbic acid (mg/100g), reducing sugar (%), non-reducing sugar (%), 

total sugars (%), total soluble solids (0Brix), titratable acidity (%) and marketable fruit 

yield per plant (kg). 

 The heritability in broad sense (Hanson et al. 1963) and genetic advance in 

percent of mean (Johnson et al. 1955) are computed to determine the characters' 

amplitude. The nature of association between different character is studies by using 

phenotypic and genotypic correlation coefficient (Searle, 1961), path analysis 

(Dewey and Lu, 1959) and genetic divergence (Mahalanobis, 1928). 

In the genotype of bitter gourd in its diversification regions, there is a lot of 

genetic variation. Among the crop varieties of the bitter gourd, which is produced on a 

large scale has required the gathering of fundamental information on genetic as well 

as other morpho-physiological characteristics that aid in crop breeding and genetic 

modifications for increased production. With the objective in mind, twenty genotypes 

were collected from various institutes and analyzed for twenty-one characteristics. 

Considering phenotypic and genotypic coefficients of variation, heritability, genetic 

advance, correlation, path analysis and genetic divergence statistical parameters were 
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evaluated. The findings of this research have been examined under the following 

headings in relation to previously published studies on bitter gourd. 

5.1 Analysis of variance 

The analysis of variance for every character has been given in Table 4.1 and 

graphically illustrated in figure. The mean sum of square because of genotypes was 

high significantly of each the characters. That is to say, the genotype performances on 

these characteristics were statistically significant, showing that there is sufficiency of 

possibility for selection in the bitter gourd germplasm available. 

5.2 Mean performance of genotype 

 In evaluating the genotypes in the data, the mean value of twenty genotypes 

for 21 characters has been given in Table 4.2 and graphically illustrated in figure. 

There is a lot of variation in genotypes' mean performance were observed for each 

characters under investigation. The comparison of mean performance of twenty 

genotypes of bitter gourd for twenty one characters using critical differences revealed 

variability in the genotypes utilised is quite great. The genotype Kalyanpur Barahmasi 

significantly out yielded (5.24 kg). While, in case of Kashi Urvasi (4.30 kg), Arka 

Harit (3.70 kg), Selection-5 (3.55 kg) and Pusa hybrid-1 (3.39 kg) were found 

significantly superior for marketable fruit yield per plant. Other characters revealed 

considerably higher mean performance for these genotypes. This result corroborative 

the findings of Devi et al. (2013), Talukder et al. (2018), Tiwari et al. (2021), 

Sureja et al. (2010), Yadagiri et al. (2017), Kumar et al. (2018), Gupta et al. 

(2016), Yadav et al. (2013), Kumar et al. (2011), Pathak et al. (2014), Alekar et al. 

(2019), Kumar et al. (2018), Pradhan et al. (2021) and Kumari et al. (2015). 

5.3 Coefficient of variation: 

When genetic variance individually does not provide a verdict on which traits 

exhibit the greatest amount of variation, the evaluation of genotypic coefficient of 

variation is vital for breeders. As a result, phenotypical and genotypical coefficients of 

variation may be used to make reliable relative comparisons. For every characteristic 

studied, the phenotypical coefficient variations were also more than the genotypical 

coefficient of variation, indicating that the environment had a significant role in the 

manifestation of the characteristics.  
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 The maximum level of genotypic and phenotypic coefficient of variation was 

observed for marketable fruit yield per plant followed by average fruit weight, 

number of branches per plant, titratable acidity, total soluble solids, fruit diameter, 

non-reducing sugar and number of fruits per plant. Similar results also have been 

reported by Devi et al. (2013), Talukder et al. (2018), Tiwari et al. (2021), Sureja et 

al. (2010), Yadagiri et al. (2017), Kumar et al. (2018), Gupta et al. (2016), Yadav 

et al. (2013), Kumar et al. (2011), Pathak et al. (2014), Alekar et al. (2019), 

Kumar et al. (2018), Pradhan et al. (2021) and Kumari et al. (2015). For node 

number to first staminate flowers, seeds weight per fruit, numbers of seeds per fruit, 

fruit length and vine length moderate phenotypic coefficient variation and genotypic 

coefficient variation were reported. This result corroborated the findings of Devi et al. 

(2013), Talukder et al. (2018), Tiwari et al. (2021), Sureja et al. (2010), Yadagiri 

et al. (2017), Kumar et al. (2018), Gupta et al. (2016), Yadav et al. (2013), Kumar 

et al. (2011), Pathak et al. (2014), Alekar et al. (2019), Kumar et al. (2018), 

Pradhan et al. (2021) and Kumari et al. (2015). 

 Total sugars, days to first fruit harvest, days to anthesis of first staminate 

flowers and ascorbic acid had lower genotypic as well as phenotypic coefficients of 

variation. For these characteristics, low phenotypic coefficient variation and 

genotypic coefficient variation showed that the genotypes used in this study were 

comparable. 

5.4 Heritability and genetic advance: 

Heritability is an important trait for the plant breeder in crop improvement 

because it implies the potential and degree of improvement through selection. Since it 

assesses the interaction among better parents and progeny, it is widely used in 

comparing the extent to which a characteristic may be conveyed through parents to 

progenies during the selection process. High heritability, even then, isn't able to attain 

adept selection in promoted generations. However, it's coupled with a significant 

quantity of genetic advance in per cent of mean (Burton, 1952). With estimates 

suggesting a high level of heritability and genetic advancement, there is a lot to 

improve in future generations. 

 The results on heritability in broad sense and genetic advance in per cent of 

mean of presently being investigated has been given in Table 4.3 and graphically 
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illustrated in figure. The heritability assess for each character ranged from 41.5 per 

cent (seeds weight per fruit) to 98.6 per cent (average fruit weight). High heritability 

was recorded for almost each characters except for average fruit weight followed by 

total soluble solids, total sugars, days to anthesis of first pistillate flowers, nodes per 

plant, non-reducing sugar, marketable fruit yield per plant, number of branches per 

plant, vine length, days to first fruit harvest, number of fruits per plant, fruit diameter. 

High heritability coupled with high genetic advance in per cent of mean were 

recorded for average fruit weight followed by titratable acidity, number of branches 

per plant, total soluble solids, marketable fruit yield per plant, non-reducing sugar, 

fruit diameter and number of fruits per plant showing that environmental factors 

having minor impact on these characteristics As a result, improvement requires a low 

level of selection intensity. Similar findings were reported by Devi et al. (2013), 

Talukder et al. (2018), Tiwari et al. (2021), Sureja et al. (2010), Yadagiri et al. 

(2017), Kumar et al. (2018), Gupta et al. (2016), Yadav et al. (2013), Kumar et al. 

(2011), Pathak et al. (2014), Alekar et al. (2019), Kumar et al. (2018), Pradhan et 

al. (2021) and Kumari et al. (2015). 

5.5 Correlation coefficient:   

For successful selection in future generations, it is important to perceive the 

nature and extent of the relationship involving the yield character and the important 

aspects of the characteristics. The natures of the population under investigation, as 

well as the degree of the correlation coefficient are frequently impacted by the 

progenies on which the observation data is based. 

Correlations coefficient are responsible for gene linkage and pleiotropy 

between pairs of character. As a result, selecting one characteristic has an impact on 

the other traits that are connected and pleiotropically changed. Correlation studies 

have been given a lot of emphasis in the crop improvement field since they help with 

successful selection.  

 In the current investigation, correlation among twenty one characters were 

worked out in all possible combinations on genotypic as well as  phenotypic levels 

has been given in Table 4.4 and 4.5, respectively. Overall, the amplitude of genotypic 

greater than phenotypic correlation coefficients proportional values. It apparent a 

significant genetic link between characteristics and phenotypic manifestation, which 
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has been reduced by environmental factors. This result with conformity of the 

findings of Devi et al. (2013), Talukder et al. (2018), Tiwari et al. (2021), Sureja et 

al. (2010), Yadagiri et al. (2017), Kumar et al. (2018), Gupta et al. (2016), Yadav 

et al. (2013), Kumar et al. (2011), Pathak et al. (2014), Alekar et al. (2019), 

Kumar et al. (2018), Pradhan et al. (2021) and Kumari et al. (2015) also reported 

higher magnitudes of genotypic correlation than the compatible phenotypic 

correlation among yield and yield attributing traits components. 

 The most important characters viz., marketable fruit yield per plant having 

exhibited high significantly and positive phenotypic correlation with fruit length, 

reducing sugar, number of fruits per plant. Most important positive correlation and 

significant association was estimated between number of seeds per fruit followed by 

node number first pistillate flowers, days to anthesis of first staminate flowers, fruit 

diameter and seed weight per fruit was also found to have significant and positive 

correlation. While, it showed negative significant correlation with ascorbic acid 

followed by days to anthesis of first pistillate flowers and total soluble solids. This 

showed that traits having significant positive correlation with marketable fruit yield 

per plant also having significantly and positive correlation such as some other 

characters as well. The accessible literature has also observed in positive correlation 

among marketable fruit yield per plant and among them in bitter gourd. Similar 

association of traits in bitter gourd had also been reported by Devi et al. (2013), 

Talukder et al. (2018), Tiwari et al. (2021), Sureja et al. (2010), Yadagiri et al. 

(2017), Kumar et al. (2018), Gupta et al. (2016), Yadav et al. (2013), Kumar et al. 

(2011), Pathak et al. (2014), Alekar et al. (2019), Kumar et al. (2018), Pradhan et 

al. (2021) and Kumari et al. (2015). 

5.6 Path analysis: 

 Path analysis is a standard partial regression coefficient that divides the 

coefficient of correlation into direct and indirect effects of a set of independent factors 

on the dependent variable. The study proposed a method for distinguishing between 

the direct and indirect effects of various characteristics on marketable fruit yield per 

plant at the genotypic as well as phenotypic levels has been given in Table 4.6 and 

4.7, respectively.  
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 The higher magnitude of positive direct effect on marketable fruit yield per 

plant was exerted by fruit length, number of fruits plant, number of seeds per fruit, 

vine length, node number to first pistillate flowers, days to first fruit harvest and total 

sugars. The higher magnitude of negative direct effect on marketable fruit yield per 

plant was exhibited by days to anthesis of first pistillate flowers, ascorbic acid, 

number of branches per plant, reducing sugar and non-reducing sugar.  

 Considerable highly positive indirect effect on marketable fruit yield per plant 

was shown by fruit length, reducing sugar, number of fruits per plant and vine length 

followed by node number to first staminate flowers showed low positive indirect 

effect. As a result, these characters should be considered during the selection 

procedure. This finding is quite different from the disquisition of Devi et al. (2013), 

Talukder et al. (2018), Tiwari et al. (2021), Sureja et al. (2010), Yadagiri et al. 

(2017), Kumar et al. (2018), Gupta et al. (2016), Yadav et al. (2013), Kumar et al. 

(2011), Pathak et al. (2014), Alekar et al. (2019), Kumar et al. (2018), Pradhan et 

al. (2021) and Kumari et al. (2015). 

5.7 Genetic divergence: 

  The result of D2 analysis are presented in Table 4.8, 4.9 4.10 and 4.11, 

respectively. The studies of genetic divergence between twenty genotypes of bitter 

gourd were carried out by Mahalanobis D2 statistics’. In present investigation twenty 

genotypes of bitter gourd were clusters in five distinctive do not overlap clusters. This 

suggested that the genotypes had a lot of variations. The genotypes of diverse origins 

were commonly found in the major groups in the described genetic divergence 

investigation. However, genotypes from the same country or area were discovered to 

be clustered in concert in common clusters. It was common to see genotypes from 

various origins or from the identical geographical region grouped at one time in the 

same cluster. This implies that genetic and geographic diversity are not related. 

Grouping of genotypes into V cluster indicated presence of considerable diversity 

among the different traits in the available germplasm. Cluster number I followed by 

cluster number II which contained 9 and 8 entries, respectively. The minimum 

number of cluster III, IV and V which had one entry from the three clusters, 

respectively, which compared to all genotypes. The appraise of intra clusters and inter 

clusters distance recognized by D2 values has been presented in Table-4.9. The intra 

cluster D2 values varied from 0.00 (cluster III, VI and V) to 127.20 (cluster II). The 
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highest number of inter cluster distance was observed between clusters II to V 

(401.57), which suggested that members of these two clusters were genetically very 

diverse to each other. The inter-cluster values between cluster II and V (401.57) 

followed by cluster II and IV (295.76), cluster IV and V (276.66), cluster II and III 

(272.23),  cluster I and V (231.71), cluster I and II (201.99), cluster I and IV (167.65), 

cluster III and V (164.50) and cluster I and III (161.99) were very high. The minimum 

inter-cluster D2 values were recorded in case of cluster III and IV (155.11), 

respectively. The maximum inter clusters distance showed spacious genetic 

divergence among the genotypes of those clusters. While, lowest inter clusters values 

amongst the clusters indicated these clusters of genotypes were not much genetically 

diverse from each other. Further the crossing between lines of distant clusters may 

give rise desirable segregates. This result corroborates the findings of Dey et al. 

(2007), Remsi and Sreelathakumary (2012), Shalini et al. (2000),  Khan (2006), 

Angadi et al. (2018), Gupta et al. (2016), Singh et al. (2020), Ghosh et al. (2015) 

and Singh et al. (2019).  

 The analysis of contribution of characters towards genetic divergence between 

twenty genotypes of bitter gourd had been given in Table-4.11. The highest 

manifestation of contribution of genetic divergence was made by average fruit weight 

followed by total sugars, total soluble solids, days to anthesis of first pistillate flowers, 

titratable acidity. The genetic divergence were moderate in manifestation genetically 

in the available genotypes of characters was number of branches per plant and 

reducing sugar, nodes per plant and non-reducing sugar, days to anthesis of first 

staminate flowers, days to first fruit harvest and number of fruit per plant were low in 

manifestation of the genetic divergence in the germplasm that is provided. The 

genetic divergence were very low in manifestation genetically in the available 

genotypes of characters was node number to first staminate flowers was followed by 

node number to first pistillate flowers, vine length, fruit length, fruit diameter, seeds 

weight per fruit, marketable fruit yield per plant. The contributions of these characters 

for total genetic divergence were quite similar to the reports of Dey et al. (2007), 

Remsi and Sreelathakumary (2012), Shalini et al. (2000),  Khan (2006), Angadi et 

al. (2018), Gupta et al. (2016), Singh et al. (2020), Ghosh et al. (2015) and Singh et 

al. (2019). 
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Chapter-VI 

SUMMARY AND CONCLUSION 

The present investigation entitled “Studies on genetic variability, 

heritability, correlation and path analysis in bitter gourd (Momordica charantia 

L.)” was undertaken with the objectives: 

1. To investigate the variability, heritability and genetic advance for the 

quantitative characters, 

2. To estimate correlation among the important economic traits, 

3. To find out the direct and indirect effects of yield components by path 

analysis and 

4. To evaluate the genetic divergence for yield and yield attributing traits. 

In the present study, 20 genotypes of bitter gourd sowing wide spectrum of variation 

for various marketable fruit yield per plant were evaluated in the field for twenty one 

characters during 2018-19 and 2019-20, respectively. The experiment was conducted 

in Randomized Block Design and replicated thrice at the Horticulture Research Farm-

I, Babasaheb Bhimrao Ambedkar University (A Central University), Vidya Vihar, 

Rae Bareli Road, Lucknow, (U.P.), India. The observations were recorded on 15 

physical characters and 6 chemical characters in field as well as laboratory conditions  

were considered viz., Node number to first staminate flowers, node number to first 

pistillate flowers, days to anthesis of first staminate flowers, days to anthesis of first 

pistillate flowers, days to first fruit harvest, vine length (m), fruit length (cm), nodes 

per plant, number of branches per plant, number of seeds per plant, fruit diameter 

(cm), number of fruits per plant, seeds weight per fruit (g), average fruit weight (g), 

ascorbic acid (mg/100g), reducing sugar (%), non-reducing sugar (%), total sugars 

(%), total soluble solids (0Brix), titratable acidity (%) and marketable fruit yield per 

plant (kg). Row-to-row and plant-to-plant distances were maintained as 2.5 m × 0.5 

m. Each entry was grown in the plot size of and 3.0 m x 2.0 m. The observations were 

recorded on twenty one quantitative and qualitative traits. The mean data were 

subjected to the various statistical and biometrical analyses. The salient findings of 

the study are summarized below: 

1. The analysis of variance (mean sum of square) due to genotypes was highly 

significant for all the characters. In other words, the performances of the 

genotypes with respect to the characters were statistically different, suggesting 



 
  

 
 

150 

that there exists ample scope for selection in the available germplasm of bitter 

gourd. 

2. Based on mean performance only one genotype Kalyanpur Barahmasi. Kashi 

Urvasi followed by Arka Harit, Selection-5 and Pusa hybrid-1were found 

significantly superior for marketable fruit yield per plant. These genotypes also 

showed significantly high mean performance for some other characters. 

3. The estimates of phenotypic coefficients of variation (PCV) were higher than 

genotypic coefficients of variation (GCV) for all the traits. High magnitudes of 

variability were observed in case of marketable fruit yield per plant followed by 

average fruit weight, number of branches per plant, acidity, total soluble solids, 

fruit diameter, non-reducing sugar and number of fruits per plant. 

4. High heritability coupled with high genetic advance in per cent of mean were 

observed for average fruit weight followed by total soluble solids, total sugars, 

days to anthesis of first pistillate flowers, nodes per plant, non-reducing sugar, 

marketable fruit yield per plant, number of branches per plant, vine length, days 

to first fruit harvest, number of fruits per plant, fruit diameter indicating scope of 

high selection response. 

5. In general, genotypic correlation coefficients were higher than the corresponding 

phenotypic correlation coefficients, suggesting a strong inherent relationship in 

different pairs of the traits. Marketable fruit yield per plant had exhibited highly 

significant and positive phenotypic correlation with fruit length, reducing sugar, 

number of fruits per plant showed significant and positive correlation with 

marketable fruit yield per plant. While, it showed negative significant correlation 

with ascorbic acid followed by days to anthesis of first pistillate flowers and total 

soluble solids and selection for traits with positive correlation. Would be 

effective for yield improvement in bitter gourd. 

6. Path coefficient analysis revealed that marketable fruit yield per plant was     

exerted by fruit length, number of fruits plant, number of seeds per fruit, vine 

length, node number to first pistillate flowers, days to first fruit harvest and total 

sugars exhibited considerable positive direct effect on marketable fruit yield per 

plant. while negative direct contribution towards marketable fruit yield per plant 

were pronounced by days to anthesis of first pistillate flowers, ascorbic acid, 
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number of branches per plant, reducing sugar and non-reducing sugar both at 

phenotypic and genotypic levels.  

7. Mahalanobis D² statistic distributed all the twenty genotypes into five diverse 

clusters. 

8. Grouping of genotypes into V cluster indicated presence of considerable 

diversity among the different traits in the available germplasm. Cluster number I 

followed by cluster number II which contained 9 and 8 entries, respectively. The 

minimum number of cluster III, IV and V which had one entry from the three 

clusters, respectively, which compared to all genotypes. 

9. The inter-cluster values between cluster II and V (401.57) followed by cluster II 

and IV (295.76), cluster IV and V (276.66), cluster II and III (272.23),  cluster I 

and V (231.71), cluster I and II (201.99), cluster I and IV (167.65), cluster III 

and V (164.50) and cluster I and III (161.99) were very high. The minimum 

inter-cluster D2 values were recorded in case of cluster III and IV (155.11). 

Whereas the lowest intra clusters distance showed by cluster III, IV and V, 

respectively (0.00) indicating genetic similarity of genotypes belonging to the 

respective clusters. 

10. The quantitative traits which contributed maximum towards the genetic distance 

among the genotypes were of the average fruit weight followed by total sugars, 

total soluble solids, days to anthesis of first pistillate flowers, acidity. The 

genetic divergence were very low in manifestation genetically in the available 

genotypes of characters was node number to first staminate flowers was 

followed by node number to first pistillate flowers, vine length, fruit length, fruit 

diameter, seeds weight per fruit, marketable fruit yield per plant. The 

contribution of these traits for total genetic divergence. 
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Conclusion: 

In the present study, maximum number of genotypes. Hence, it is concluded that there 

was a wide range of variation among the genotypes for all characters indicating that 

considerable scope existed for the improvement of bitter gourd through selections. 

Genetic parameters in association with correlation study indicated that for selection of 

superior genotypes. Out of twenty genotypes, five best high yielding genotypes 

Kalyanpur Barahmasi followed by Kashi Urvasi, Arka Harit, Selection-5 and Pusa 

hybrid-1were found superior for marketable fruit yield per plant and these genotypes 

may be recommended for large scale cultivation among the farmers after proper 

testing in multilocational trials and these superior genotypes further can be used as 

donors in breeding programme. 
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