


Study on Genetic Variability, Heritability and Genetic advancement for Yield and Yield Contributing Traits in Ivy gourd (Coccinia grandis (L.) Voigt.)





ABSTRACT
The present investigation was carried out during Rabi season 2024 at Horticultural Research Field, SHUATS, Prayagraj, to study genetic variability, heritability, correlation, and character association in Ivy gourd (Coccinia grandis (L.) Voigt.). Nine genotypes were evaluated using a Randomized Block Design (RBD) with three replications. Significant variations were observed across all traits. Arka Neelachal Sabuja recorded superior performance for key growth and yield traits. High genotypic and phenotypic coefficients of variation (GCV and PCV) were noted for fruit yield per plant. High heritability and genetic advance in number of fruits per plant indicated additive gene action. Genotypic correlation analysis revealed positive and significant relationships between vine length at 90 DAT, fruit length, average fruit weight, number of fruits per plant, and fruit yield per plant. Path coefficient analysis indicated number of fruits per plant and fruit yield per plant had the most substantial direct effects on fruit yield per hectare. These findings provide a foundation for selection in Ivy gourd breeding programs.
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1. Introduction
An essential component of a human diet that is balanced is vegetables. These foods are high in vitamins and minerals and naturally protective. 10.29 million hectares are used for vegetable cultivation in India, where 175 million tonnes of vegetables are produced annually. Various parts of Coccinia grandis have specific medicinal value as reported by many researchers. Leaf extract active against Shigella flexneri, Bacillus subtilis, Escherichia coli, Salmonella choleraesuis (Bhattacharya, 2010). India's diverse agro-climatic zones make it a better place to grow a range of vegetable crops. 
Ivy gourd (Coccinia grandis (L.) Voigt.) is a semi-perennial, dioecious creeper widely cultivated in South East Asian countries. In India, 'Kowai fruit' as it is popularly known is a common vegetable grown extensively in West Bengal, Karnataka, Andhra Pradesh, Tamil Nadu, Maharashtra and Gujarat. The dioecious perennial crop of the cucurbitacae family, chromosomal number 2n=24. The nutritious value of ivy gourd makes it significant. It has 18 kcal of energy per 100 g of fruits, 1.6 g of dietary fiber, 1-2 g of protein, 0.4 g of fat, 3.1 g of CHO, 156 μg of carotene, 14 mg of iron, 260 IU of vitamin A, 28 mg of ascorbic acid, and 94% water. Patients with diabetes benefit from eating immature fruits. It has a lot of vitamin C, which is good for bones. Additionally, it offers vitamins B1 and B2. The immune system benefits from these vitamins. Breeding attempts on ivy gourd have been rare. The main reason for this may be ascribed to the constraints such as the dioecious and semi-perennial nature of plants and occurrence of parthenocarpy. No high yielding variety has been identified so far. In any breeding programme success depends on the availability of genetic variation in a population. This aim in view, it has been considered necessary to collect and correlate information on genetic parameters like phenotypic coefficient of variation, genotypic coefficient of variation, heritability and expected genetic advance for yield and yield related characters. Since ivy gourd is dioecious the present study is conducted on a large collection of female lines interspaced with 10 per cent male plants to ensure pollination. Development of high yielding varieties of ivy gourd is necessary to inspire the interest of Fielders and enthuse them to promote large-scale cultivation. As a preliminary and essential step in this direction, the present programme of observation and study was taken up to evaluate and assess the genetic basis and variability for different characters in the available germplasm and to find out the direct and indirect components of yield.

This crop has a distinct advantage in terms of crop improvement through clonal selection because it is vegetatively propagated by root cutting. Still, not much has been accomplished. This crop has a high level of genetic variety and is cross-pollinated. Therefore, the current study was conducted to gather data on the type and extent of genotype variability in order to assess the hypothesis that there is room to find early maturing and high yielding genotypes to simultaneously improve various characters from the material subjected to prudent selection pressure and to create new, improved cultivars for farmers. The present study aims to estimate the genetic variability, heritability, and correlation among key traits to guide breeding programs for yield improvement. Bose and Som (1985) reported that ivy gourd gives yield for three to four years.


2. Materials and Methods
The experiment was conducted at the Horticultural Research Field, Department of Horticulture, SHUATS, Prayagraj during Rabi 2024. Nine Ivy gourd genotypes were evaluated in a Randomized Block Design (RBD) with three replications. Standard agronomic practices were followed. Data was recorded on growth (vine length, petiole length, internodal length), yield (fruit length, fruit diameter, average fruit weight, number of fruits per plant, fruit yield per plant, fruit yield per hectare), and quality traits (TSS, ascorbic acid). Statistical analysis included ANOVA, calculation of GCV, PCV, heritability and genetic advance. The data was subjected to analysis as per procedure described by Panse and Sukhatme (1954). The coefficient of phenotypic and genotypic variation were calculated according to Burton and De Vane (1953), heritability, genetic advance and genetic gain were calculated according to the formulae of Johnso.
2.1. Experimental Materials
In the present investigation the design used for analysis of variables were Randomized Block Design (RBD) comprising 3 replications comprising 09 genotypes/varieties of Ivy gourd enlisted below in table 1.
DETAILS OF VARIETIES
Table 1. Treatment details

	
SL.NO
	
NOTATIONS
	
TREATMENTS
	SOURCE

	
1.
	T1
	ARKA NEELACHAL KHUNKI
	CHES, Bhubaneswar (Odisha)

	2.
	T2
	ARKA NEELACHAL SABUJA
	CHES, Bhubaneswar (Odisha)

	3.
	T3
	
LOCAL GEDA
	CUTTACK (Odisha)

	4.
	T4
	LOCAL DENGA
	CUTTACK (Odisha)

	5.
	T5
	SUREKHA
	CUTTACK (Odisha)

	6.
	T6
	CHIV – 8
	OUAT, Bhubaneswar (Odisha)

	7.
	T7
	CHIV – 9
	OUAT, Bhubaneswar (Odisha)

	8.
	T8
	INDIRA KUNDRA-25
	CHHATTISGARH

	9.
	T9
	INDIRA KUNDRA-35
	CHHATTISGARH







2.2. Statistical analysis
The statistical analysis were done for the quantitative characters studied. The mean values of five randomly selected plants per treatment per replication were used for statistical analysis for all the fifteen characters under study. The data were analysed statistically for obtaining ANOVA and various genetic parameters such as variability, genotypic and phenotypic variances heritability, genetic advance and genetic advance as percent of mean.

2.2.1. Genetic Analysis

2.2.2. Range

It is the difference between the highest and the lowest value for each character. It is the simplest measure of dispersion or variation.
Range = Largest value - smallest value

2.2.3. Mean

It is computed by dividing sum of all observations in a sample by their number; known as mean or average and denoted by 𝑋
      𝑋 =        ΣXij
        					          𝑁
Where,
𝑋 = General mean,
Xij = Observed value in ith genotype in jth replication, 
N = Number of observations,
Σ = Summation.

2.2.4. Standard deviation (S.D.)
It is square root of variance (√V) and estimated by following formula SD = √𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒

SD = √MSe
Where,
SD = Standard Deviation MSe = Error mean square


2.2.5. Standard error of mean (SE m)

It is used to measure the range from mean of a character and estimated by dividing the estimate of standard deviation by square root of number of replications as follows

SE (m) = 
 		𝑟
Standard error of differences between treatment means was calculated as
E (diff.) = 
      
 𝑟
Where,
MSe = Error mean square and 
r = Number of replications

2.2.6. Coefficient of variance (CV %)

Coefficient of variance is defined as per cent ratio of the standard deviation of a sample to the sample mean. It shows the extent of variability in relation to the mean of the population. Purpose of determining CV is to compare variation of two different samples or precision of two different instruments or methods.
Coefficient of variation was calculated as

	CV (%) =
	
	

	              
	X
	


Where,
CV = Coefficient of variation and
∑𝑟	∑𝑔	𝑋𝑖𝑗
𝑋 = Population mean =  =1   𝑖=1𝑟𝑔


2.2.7. Critical Difference (CD)

CD = √2 x SE (m) X‗t‘ value at error d.f.
‗t‘ value was computed at 1% and 5% probability level and at error degree of freedom. CD is used to decide about the superiority of the mean of individual genotype. If the mean of genotype is greater than the sum of value of overall mean and CD value, then the genotype will be superior and vice-versa.
2.3.  Analysis of variance (ANOVA)

It is a tool by which the total variation may be split up into several physically assignable components. Analysis of variance was done by subjecting the data to the statistical method on randomized block design (RBD) described by Panse and Sukhatme (1985) and Singh and Chaudhary (1985). The analysis of variance including source of variation, degree of freedom along with the expectations of mean square are given in following table 1.

Table 2.  Structure of ANOVA

	Source of Variation
	df
	MSS (Mean sum
of squares)
	Expected M.S.

	Replications
	(r-1)
	MSr
	σ2 e+ gσ2r

	Genotypes
	(g-1)
	MSg
	σ2 e+ gσ2g

	Error
	(r-1)(g-1)
	MSe
	σ2 e



Where,
r= replications
g= Genotypes
MSr = Mean sum squares due to replications 
MSg= Mean sum squares due to genotypes
MSe= Mean sum squares due to error (environment)
σ2r= Variances due to replications
σ2g= Variances due to genotypes
σ2e= Variances due to error (environment)
The genotypic (σ2g), phenotypic (σ2e +σ2g) and environmental (σ2e) variance were estimated from the expectations of the mean squares mentioned in above table. The significant difference among genotype means will be tested by ‗F‘ value whereas, critical differences will calculate to test the significant of difference between any two- treatment means.
2.3.1.  Genetic variability parameters

Estimation of variance components, coefficient of variation, broad sense heritability and genetic advance were evaluated separately for each character.

2.3.2.   Variance

(i) Genotypic variance (σ2g)

The genotypic variance is due to the differences among genotypes included in the study. Genotypic variances were calculated according to Johanson et. al., (1955) from the expectations of mean squares by using ANOVA table from each character as per the following formulae:
Genotypic variance (σ2 ) = 𝑀𝑆𝑔−𝑀𝑆𝑒
				         g	                  𝑟
Where,
MSg = Mean sum of squares due to genotypes
MSe = Mean sum of squares due to error (environment) 
r= Replications

(ii) Phenotypic variance (σ2p)
It is the sum of variance contributed by genetic causes and environmental factors. Phenotypic variances were calculated according to Comstock and Robinson (1952) from the expectations of mean squares by using ANOVA table for each character as per the following formulae:
Phenotypic variance (σ2p) = σ2g + σ2e
Where,
σ2g = Genotypic variance
σ2e = Environmental variance

2.3.3.  Coefficient of variation (CV)

Coefficient of variation was calculated by formulae suggested by Burton (1952). The Coefficient of variation is per cent ratio of standard deviation of a sample to sample mean and calculated as follows:

CV (%) = 𝑆𝐷 X 100
𝑋 

Where,

SD= Standard deviation of sample; = Mean of sample
(i) Genotypic coefficient of variation (GCV)
GCV (%) =	
        X 100
𝑋 
(ii)  Phenotypic coefficient of variation (PCV)

PCV (%) = 	
                                                                    X 100                             
𝑋 
Where, 𝑋 = General mean
σ2g and σ2p= Genotypic variance and phenotypic variance 
respectively Low= <10 %
Moderate = 10.1-20 % 
High	= >20%
2.3.4.  Heritability in broad sense [H (b)]

Heritability refers to the portion of variability which is heritable in nature out of the total variability. It is due to the genetic causes. Heritability in broad sense was calculated according to the following formula suggested by Burton and Devane (1953).
σ2g
Heritability (h2) % =	X 100
σ2p
Where,

σ2g = Genotypic variance
σ2p = Phenotypic variance

Heritability estimates were classified as high, medium, and low on the basis of values given by Robinson (1966):

Low Heritability	= < 30 % 
Medium Heritability = 30.1 to 60 % 
High Heritability		= > 60 %

2.3.5.  Genetic advance (G.A.)

Improvement in the mean genotypic value (performance) of selected plants (progeny or lines) over the parental population (base population) is known as ―Genetic Advance‖. Expected genetic advance represents the shift in a population mean towards superior side under selection pressure after single generation of selection. The expected genetic advance for each character was calculated according to the formulae suggested by Johnson et al. (1955).
G. A. = κ X h2 (b) X σp

Genetic advance as percent of mean (GAM) =  .𝐴.    X 100
𝑋
Where,

h2 = Heritability in broad sense

κ = Selection differential. It is a constant for a given selection intensity. It is taken as
2.06 at 5% selection intensity in the present investigation.

σp = Phenotypic standard deviation, 𝑋 = General mean of character 
Low = <10 per cent
Medium = 10.1 to 20 per cent 
High	= > 20 per cent

3. Results and Discussion
The investigation for present of variability in nine genotypes of Ivy gourd was
measured in term of range, phenotypic coefficient of variation (PCV), genotypic coefficient of variance (GCV), heritability (broad sense) and genetic advance.

The analysis of variance for all characters of Ivy gourd genotypes revealed the presence of good extant of significant differences among the genotypes for all traits under study. This indicated presence of good amount of variability among the genotypes for all the characters used in study. This suggested that there is an ample scope to identify high yielding and early maturing genotypes to improve different characters simultaneously from the material subjected to judicious selection pressure.
Significant difference among genotypes for all the traits showed wide range of variability in Ivy gourd germplasm which was observed for different characters. Maximum number of days to first female flower was obtained in CHIV- 9 (50.77) and minimum number of days was observed in Arka Neelacahal Sabuja (31.33) so the genotype CHIV-9 was highest in days to first female flower while the genotype Arka Neelachal Sabuja was lowest in days to first female flower. Maximum vine length 30 DAT was observed in Arka Neelachal Sabuja (111.30 cm) and minimum vine length 30 DAT was observed in local Denga (86.97) so the genotype Arka Neelachal Sabuja was highest in vine length 30 DAT while the genotype Local Denga was lowest in vine length 30 DAT. Maximum vine length 60 DAT was observed in Arka Neelachal Sabuja (211.33 cm) and minimum vine length 60 DAT was observed in CHIV-9 (181.20 cm) so the genotype Arka Neelachal Sabuja was highest in vine length 60 DAT while the genotype CHIV-9 was lowest in vine length 60 DAT. Maximum vine length 90 DAT was observed in Arka Neelachal Sabuja (299.90 cm) and minimum vine length 90 DAT was observed in CHIV-9 (268.87 cm) so the genotype Arka Neelachal Sabuja was highest in vine length 90 DAT while the genotype CHIV-9 was lowest in vine length 90 DAT. Maximum petiole length 30 DAT was observed in Arka Neelachal Sabuja (4.24 cm) and minimum petiole length 30 DAT was observed in Indira Kundru-25 (3.34 cm) so the genotype Arka Neelachal Sabuja was highest in petiole length 30 DAT while the genotype Indira Kundru-25 was lowest in petiole length 30 DAT. Maximum petiole length 60 DAT was observed in Arka Neelachal Sabuja (5.49 cm) and minimum petiole length 60 DAT was observed in Indira Kundru-35 (4.19 cm) so the genotype Arka Neelachal Sabuja was highest in petiole length 60 DAT while the genotype Indira Kundru-35 was lowest in petiole length 60 DAT. Maximum petiole length 90 DAT was observed in Arka Neelachal Khunki (8.13 cm) and minimum petiole length 90 DAT was observed in Local Denga (5.49 cm) so the genotype Arka Neelachal Khunki was highest in petiole length 90 DAT while the genotype Local Denga was lowest in petiole length 90 DAT. Maximum Internodal length 30 DAT was observed in Arka Neelachal Sabuja (3.25 cm) and minimum Internodal length 30 DAT was observed in Local Denga (1.53 cm) so the genotype Arka Neelachal Sabuja was highest in Internodal length 30 DAT while the genotype Local Denga was lowest in Internodal length 30 DAT. Maximum Internodal length 60 DAT was observed in Arka Neelachal Sabuja (6.36 cm) and minimum Internodal length 60 DAT was observed in Local Geda (4.17 cm) so the genotype Arka Neelachal Sabuja was highest in Internodal length 60 DAT while the genotype Local Geda was lowest in Internodal length 60 DAT. Maximum Internodal length 90 DAT was observed in Arka Neelachal Sabuja (13.62 cm) and minimum Internodal length 90 DAT was observed in Indira Kundru-25 (7.39 cm) so the genotype Arka Neelachal Sabuja was highest in Internodal length 90 DAT while the genotype Indira Kundru-25 was lowest in Internodal length 90 DAT. Maximum fruit length was observed in Arka Neelachal Sabuja (6.10 cm) and minimum fruit length was observed in Local Geda (2.90 cm) so the genotype Arka Neelachal Sabuja was highest in fruit length while the genotype Local Denga was lowest in fruit length. Maximum fruit diameter was observed in Arka Neelachal Sabuja (3.32 cm) and minimum fruit diameter was observed in Arka Neelachal Khunki (2.25 cm) so the genotype Arka Neelachal Sabuja was highest in fruit diameter while the genotype Arka Neelachal Khunki was lowest in fruit diameter. Maximum average fruit weight was observed in Arka Neelachal Sabuja (21.20 gm) and minimum average fruit weight was observed in Local Denga (15.16 gm) so the genotype Arka Neelachal Sabuja was highest in average fruit weight while the genotype Local Denga was lowest in average fruit weight. Maximum number of fruits per plant was observed in Arka Neelachal Sabuja (420.67) and minimum number of fruits per plant was observed in CHIV-8 (235.67) so the genotype Arka Neelachal Sabuja was highest in number of fruits per plant while the genotype CHIV-8 was lowest in number of fruits per plant. Maximum number of seed per fruit was observed in Arka Neelachal Sabuja (120.46) and minimum number of seed fruit was observed in CHIV-9 (70.73) so the genotype Arka Neelachal Sabuja was highest in number of seed per fruit while the genotype CHIV-9 was lowest in number of seed per fruit. Maximum TSS was observed in Arka Neelachal Sabuja (4.57oBrix) and minimum TSS was observed in CHIV-9 (3.12oBrix) so the genotype Arka Neelachal Sabuja was highest in TSS while the genotype CHIV-9 was lowest in TSS. Maximum fruit yield per plant was observed in Arka Neelachal Sabuja (8.80 kg) and minimum fruit yield per plant was observed in CHIV-8 (3.89 kg) so the genotype Arka Neelachal Sabuja was highest in fruit yield per plant while the genotype CHIV-8 was lowest in fruit yield per plant. Maximum fruit yield per hectare was observed in Arka Neelachal Sabuja (22.15 t/ha) and minimum fruit yield per hectare was observed in CHIV-8 (9.79 t/ha) so the genotype Arka Neelachal Sabuja was highest in fruit yield per hectare while the genotype CHIV-8 was lowest in fruit yield per hectare. Maximum genotypic coefficient of variance (GCV) was observed for fruit yield per plant (29.89) while low value of GCV was observed for vine length 90 DAT (3.48).  Maximum phenotypic coefficient of variance (PCV) was observed for fruit yield per plant (29.93) while low value of PCV was observed for vine length 90 DAT (4.06). Maximum heritability was observed for number of fruits per plant (99.94) while low value of GCV was observed for vine length 90 DAT (73.48). Similar findings for yield/plant, number of fruits/plant and fruit weight by More et al. (1987); for fruit weight, fruit volume and number of fruit/plants in spine gourd for fruit yield /plant, number of fruits/plant and days of flowering by Rai et al. (2008); by Bharathi et al. (2008). Higher genetic advance was observed for number of fruits per plant (130.27) while low value was observed for petiole length 30 DAT (0.62). High heritability value accompanied with low genetic advance for characters was probably due to non- additive gene effect involving dominance deviation and epistatic influence (Bharathi et al., 2006). Higher genetic advance as percent of mean was observed for fruit yield per plant (61.50) while low value was observed for vine length 90 DAT (6.14). High estimate of GCV coupled with high heritability and genetic advance along with high genetic advance as percent of mean was recorded for number of fruits per plants.


3.1. Analysis of Variance
The quantitative characters under the present study were subjected for statistical analysis. Mean sum squares data for 19 characters were subjected to analysis of variance for experimental design. The analysis of variance for different characters calculated is presented in Table 3. The analysis of variance showed highly significant differences (α=0.01) among 09 varieties for all characters. The data on the values of different characters and the analysis of variance showed significant differences among 09 genotypes for all 19 characters indicating that the material has adequate genetic variability to support the breeding programme for improving the fruit yield of Ivy gourd.

Table 3. Analysis of Variance (ANOVA) for 19 characters in Ivy gourd

	S. No.
	Source
	Mean Sum of Squares

	
	
	Replication
(df=2)
	Treatment/genotypes
(df=8)
	Error (df=16)

	1
	Days to 1st female flower
	0.78
	98.04**
	0.71

	2
	Vine length 30 DAT (cm)
	1.92
	282.28**
	0.66

	3
	Vine length 60 DAT (cm)
	4.86
	350.63**
	2.44

	4
	Vine length 90 DAT (cm)
	23.22
	333.74**
	35.84

	5
	Petiole length 30 DAT (cm)
	0.018
	0.312**
	0.011

	6
	Petiole length 60 DAT (cm)
	0.001
	0.641**
	0.031

	7
	Petiole length 90 DAT (cm)
	0.053
	1.783**
	0.039

	8
	Internodal length 30 DAT (cm)
	0.002
	0.655**
	0.011

	9
	Internodal length 60 DAT (cm)
	0.001
	1.742**
	0.006

	10
	Internodal length 90 DAT (cm)
	0.03
	11.15**
	0.03

	11
	Evaluation of fruit length (cm)
	0.001
	2.956**
	0.008

	12
	Fruit diameter (cm)
	0.008
	0.414**
	0.004

	13
	Average fruit weight (gm)
	0.04
	8.36**
	0.03

	14
	Number of fruits per plant
	1.00
	12005.92**
	2.42

	15
	Number of seed per fruit
	0.54
	1151.52**
	17.05

	16
	Total Soluble Solids (oBrix)
	0.015
	0.811**
	0.022

	17
	Ascorbic Acid mg/100g
	0.04
	6.77**
	0.02

	18
	Fruit yield per plant (kg)
	0.01
	7.43**
	0.01

	19
	Fruit yield per hectare (t/ha)
	0.00
	44.76**
	0.08

	*, ** Significant at 1% and 5% level of significance respectively



3.2. Mean performances of Nine genotypes observed for nineteen different quantitative characters
The mean values, the coefficient of variation (CV), standard error of the mean (SE m), the critical difference (CD) at 5% and range of 09 genotypes of Ivy gourd for 19 quantitative characters were studied which revealed presence of wide range of variation for all traits examined. The mean performance of 09 genotypes has been given in tables as found in present investigation.

Table 4. Mean performance of different genotypes under study of Ivy gourd for 19 characters
	SN
	Genotypes
	Days to 1st female flower
	Vine length 30 DAT (cm)
	Vine length 60 DAT (cm)
	Vine length 90 DAT (cm)
	Petiole length 30 DAT (cm)
	Petiole length 60 DAT (cm)
	Petiole length 90 DAT (cm)
	Internodal length 30 DAT (cm)
	Internodal length 60 DAT (cm)
	Internodal length 90 DAT (cm)
	Evaluation of Fruit length (cm)
	Fruit diameter (cm)
	Average fruit weight (gm)
	Number of fruits per plant
	Number of seed per fruit
	Total Soluble Solids (°Brix)
	Ascorbic Acid mg/100g
	Fruit yield per plant (kg)
	Fruit yield per hectare (t/ha)

	1
	ARKA NEELACHAL KHUNKI
	41.20
	109.07
	208.17
	294.03
	3.78
	4.50
	8.13
	2.80
	5.26
	10.35
	5.62
	2.25
	18.24
	318.00
	114.86
	3.63
	15.23
	5.73
	13.93

	2
	ARKA NEELACHAL SABUJA
	31.33
	111.30
	211.33
	299.90
	4.24
	5.49
	7.25
	3.25
	6.36
	13.62
	6.10
	3.32
	21.20
	420.67
	120.46
	4.57
	15.43
	8.80
	22.15

	3
	LOCAL GEDA
	41.20
	95.87
	193.20
	294.17
	3.49
	5.26
	6.27
	2.33
	4.17
	9.05
	2.90
	3.15
	17.22
	266.00
	81.87
	4.12
	14.44
	4.04
	9.96

	4
	LOCAL DENGA
	36.30
	86.97
	183.73
	288.93
	3.46
	4.64
	5.49
	1.53
	4.21
	7.64
	3.37
	3.22
	15.16
	274.33
	72.10
	3.30
	11.11
	4.80
	12.52

	5
	SUREKHA
	35.77
	106.07
	204.83
	290.93
	4.04
	4.56
	7.38
	2.59
	5.34
	9.45
	4.13
	2.51
	17.28
	384.33
	119.97
	4.17
	12.19
	6.55
	15.27

	6
	CHIV – 8
	45.20
	91.20
	186.43
	270.57
	3.53
	4.25
	7.05
	2.42
	4.26
	8.04
	4.35
	3.31
	16.52
	235.67
	107.00
	3.31
	12.67
	3.89
	9.79

	7
	CHIV – 9
	50.77
	87.50
	181.20
	268.87
	3.92
	4.28
	7.14
	2.33
	4.59
	8.30
	4.22
	2.83
	16.27
	250.33
	70.73
	3.12
	12.12
	4.13
	10.20

	8
	INDIRA KUNDRU-25
	38.50
	90.83
	192.87
	286.33
	3.34
	4.32
	6.38
	2.32
	4.21
	7.39
	4.16
	3.12
	17.36
	278.33
	101.53
	3.15
	13.40
	4.83
	12.83

	9
	INDIRA KUNDRA-35
	37.30
	89.30
	195.43
	284.37
	3.36
	4.19
	6.47
	2.16
	4.25
	8.21
	4.15
	2.87
	17.30
	266.33
	104.75
	3.44
	14.17
	4.60
	11.54

	
	Mean
	39.73
	96.46
	195.24
	286.46
	3.68
	4.61
	6.84
	2.41
	4.74
	9.12
	4.33
	2.95
	17.39
	299.33
	99.25
	3.65
	13.42
	5.26
	13.13

	
	Min
	31.33
	86.97
	181.20
	268.87
	3.34
	4.19
	5.49
	1.53
	4.17
	7.39
	2.90
	2.25
	15.16
	235.67
	70.73
	3.12
	11.11
	3.89
	9.79

	
	Max
	50.77
	111.30
	211.33
	299.90
	4.24
	5.49
	8.13
	3.25
	6.36
	13.62
	6.10
	3.32
	21.20
	420.67
	120.46
	4.57
	15.43
	8.80
	22.15

	
	SE(d) ±
	0.69
	0.66
	1.28
	4.89
	0.09
	0.14
	0.16
	0.09
	0.06
	0.15
	0.07
	0.05
	0.15
	1.27
	3.37
	0.12
	0.13
	0.06
	0.23

	
	C.D. at 5%
	1.47
	1.42
	2.73
	10.45
	0.18
	0.31
	0.35
	0.19
	0.13
	0.31
	0.16
	0.11
	0.32
	2.71
	7.21
	0.26
	0.28
	0.14
	0.49

	
	C.V. (%)
	2.12
	0.84
	0.80
	2.09
	2.85
	3.81
	2.89
	4.39
	1.56
	1.97
	2.07
	2.06
	1.06
	0.52
	4.16
	4.11
	1.17
	1.50
	2.13




3.3 Genetic parameters for Variability, Heritability and Genetic advance
Significant differences among genotypes were observed for all traits. Arka Neelachal Sabuja exhibited superior performance for most yield attributes. High GCV and PCV were observed for fruit yield per plant (29.89% and 29.93% respectively), indicating substantial genetic variability. High heritability coupled with high genetic advance for number of fruits per plant (heritability 99.94%, genetic advance 130.27) suggests the effectiveness of direct selection.
	Characters
	Mean
	Min
	Max
	var (g)
	var (p)
	Heritability (%)
	GA
	GA% mean
	GCV (%)
	PCV (%)

	Days to 1st female flower  
	39.73
	31.33
	50.77
	32.45
	33.15
	97.87
	11.61
	29.22
	14.34
	14.49

	Vine length 30 DAT (cm)
	96.46
	86.97
	111.30
	93.88
	94.53
	99.30
	19.89
	20.62
	10.04
	10.08

	Vine length  60 DAT (cm)
	195.24
	181.20
	211.33
	116.06
	118.50
	97.94
	21.96
	11.25
	5.52
	5.58

	Vine length 90 DAT (cm)
	286.46
	268.87
	299.90
	99.30
	135.14
	73.48
	17.60
	6.14
	3.48
	4.06

	Petiole length  30 DAT (cm)
	3.68
	3.34
	4.24
	0.10
	0.11
	90.07
	0.62
	16.80
	8.60
	9.06

	Petiole length  60 DAT (cm)
	4.61
	4.19
	5.49
	0.20
	0.23
	86.83
	0.87
	18.77
	9.78
	10.49

	Petiole length  90 DAT (cm)
	6.84
	5.49
	8.13
	0.58
	0.62
	93.71
	1.52
	22.23
	11.15
	11.51

	Internodal length  30 DAT (cm)
	2.41
	1.53
	3.25
	0.21
	0.23
	95.02
	0.93
	38.56
	19.20
	19.70

	Internodal length  60 DAT (cm)
	4.74
	4.17
	6.36
	0.58
	0.58
	99.06
	1.56
	32.92
	16.06
	16.13

	Internodal length  90 DAT (cm)
	9.12
	7.39
	13.62
	3.71
	3.74
	99.14
	3.95
	43.31
	21.12
	21.21

	Evaluation of Fruit length (cm)
	4.33
	2.90
	6.10
	0.98
	0.99
	99.19
	2.03
	46.96
	22.89
	22.98

	Fruit diameter (cm)
	2.95
	2.25
	3.32
	0.14
	0.14
	97.38
	0.75
	25.47
	12.53
	12.70

	Average fruit wieght  (gm)
	17.39
	15.16
	21.20
	2.77
	2.81
	98.80
	3.41
	19.61
	9.58
	9.63

	Number of fruits per plant 
	299.33
	235.67
	420.67
	4001.17
	4003.58
	99.94
	130.27
	43.52
	21.13
	21.14

	Number of seed per fruit 
	99.25
	70.73
	120.46
	378.16
	395.21
	95.69
	39.19
	39.48
	19.59
	20.03

	Total Soluble Solids  (°Brix)
	3.65
	3.12
	4.57
	0.26
	0.29
	92.16
	1.01
	27.81
	14.06
	14.65

	Ascorbic Acid  mg/100g
	13.42
	11.11
	15.43
	2.25
	2.27
	98.91
	3.07
	22.90
	11.18
	11.24

	Fruit yield per plant  (kg)
	5.26
	3.89
	8.80
	2.48
	2.48
	99.75
	3.24
	61.50
	29.89
	29.93

	Fruit yield per hectare  (t/ha)
	13.13
	9.79
	22.15
	14.89
	14.97
	99.48
	7.93
	60.38
	29.39
	29.47


Table 5. Genetic Parameters for 19 quantitative characters of 09 Ivy gourd genotypes
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Fig. 1. Genetic Parameters for 19 quantitative characters of 09 Ivy gourd genotypes


Conclusion
The study revealed significant genetic variability among Ivy gourd genotypes for growth, yield, and quality traits. High heritability and genetic advance in fruit yield-related traits suggest the scope for improvement through direct selection. Arka Neelachal Sabuja was identified as a superior genotype for further breeding programs aimed at enhancing yield in Ivy gourd under Prayagraj conditions.
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