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Abstract
A field experiment was conducted with 20 genotypes of bitter gourd 

(Momordica charantia L.) at the experimental field of Sher-e-Bangla 
Agricultural University, Dhaka, to study the variability among the 
genotypes for yield and yield contributing characters, estimate genetic 
parameters, association among the characters and their contribution 
to yield during April 2015 to September 2015. There was a great deal 
of significant variation for all the characters among the genotypes. 
Considering genetic parameters high genotypic co-efficient of variation 
(GCV) was observed for fruit weight, yield per plant and fruit length 
whereas low genotypic co-efficient of variation (GCV) was observed for 
nodes per vine, days to first male and female flowering. In all the cases, 
it was found that phenotypic co-efficient of variation was greater than 
genotypic co-efficient of variation which indicated a wide variability 
among the genotypes and offered better scope of selection. The accession 
G9 and G13 were the lowest vine length of 3.90m while G8 was the 
maximum vine length for 4.83. The minimum and maximum branches 
per vine were required by the genotypes G3 and G4, respectively. The 
maximum nodes per vine (87.33) were recorded by the genotype G9 and 
the lowest nodes per vine (78.00) were recorded by G19. The earliest 
male flowering was recorded in G17 and G2 genotype showed the late 
flowering. The maximum fruit length was recorded in the genotype G7 and 
minimum fruit length in the genotype G1. The maximum fruit diameter 
was recorded in the genotype G1 and The minimum fruit diameter in the 
genotype G4. The minimum fruit weight was recorded by the accession 
G4 and accession G16 showed the maximum fruit weight. The line G2 
showed the minimum fruits per plant and the maximum fruits per plant 
were recorded in the accession G9. The highest fruit yield per plant was 
recorded by the accession G19 while accession G14 showed the lowest 
fruit yield per plant. 

High heritability (>60%) was observed for the characters like vine 
length, branches per vine, nodes per vine, fruit length, fruit weight, 
fruits per plant and fruit yield per plant. The high heritability coupled 
with high genetic advance in percent of mean observed in branches per 
vine, fruit length, fruit weight and fruit yield per plant suggested that 
effective selection may be done for these characters. Fruit yield per plant 
showed the highest positive direct effect (0.88) with branches per plant. 
Firstly genotypes G19, G9, G12 and G4 could be included in the furthest 
study in view of fruit yield for releasing as bitter gourd verities. Secondly 
the maximum variability found for branches per vine, fruit length, fruit 
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weight and fruit yield per plant. So selection based on these 
characters could be effective for the improvement of bitter 
gourd yield.

Keywords: Bitter gourd (Momordica charantia), Variability, 
Yield PCV, GCV, Heritability, Genetic advance.

Introduction
Bitter gourd (Momordica charantia L.), is an important 

monoecious and cross- pollinated vegetable crop of the 
family Cucurbitaceae grown in Bangladesh. It is locally 
known as karala/uchha. It is extensively cultivated 
throughout the country under two situations i.e. rainy season 
(July to August) and summer season (Febuary to March). 
According to Chakravatry [1], bitter gourd is believed to 
have originated in the tropics of the old world and is widely 
distributed in China, Malaya, India, tropical Africa and certain 
other countries. In terms of nutritive value, bitter gourd 
ranks first among cucurbits, the most important nutritional 
contribution being vitamins and minerals especially iron, 
phosphorus and ascorbic acid. Fruit also contains two 
alkaloids viz., momordicin and cucurbitacin, momordicin is 
the momordicosides glycosides of tetracyclic triterpinoides 
with cucurbitane skeleton [2]. Bitter gourd contains a 
reasonable amount of different nutrients such as proteins, 
carbohydrates, fats, minerals and vitamins A, B2, and C 
etc. Rajasekaran and Shanmugavalu [3] reported very high 
amount of vit C (95 mg/100g) and protein (16.5%) found 
in some Indian bitter gourd variety. The fruits are bitter to 
taste due to the presence of substance called cucurbitacin. 
Bitter gourd is also reported to use against diseases like 
paralysis, indigestion and vomiting pain and diabetes [4]. 
Fruits and other part of bitter gourd are reported to have 
cooling, stomachic, appetitising, carminative, antipyrietic, 
antihelminthic, aphrodisiac and vermifuge properties [5]. 
Various medicinal uses with clinical properties of insulin have 
been isolated from this species [6]. Among the traditional 
vegetables bitter gourd occupied important position in 
export trade. The fruits are used as fried, stuffed, dried and 
pickled [7]. However, inspite of its importance, adoptability 
and export potential, research priority given to this crop is 
quite meagre especially on genetic improvement. Among the 
cucurbits, it is considered a prized vegetable because of its 
high nutritive values especially ascorbic acid and iron [8]. A 
compound known as charatin present in the bitter gourd is 
used in the treatment of diabetes to lower blood sugar levels 
[9]. During, 2011-2012 bitter gourds were grown over an 
area of 9311.74 hectares and its annual production was 
46000 Mt [10,11]. During 2013, bitter gourds were grown 
over an area of 24000 acres, it’s per acre yield 2177 kg and 
annual production was 52000 tons. In Bangladesh, vegetable 
production is not evenly distributed throughout the year 
and most of the vegetable are produced during winter 
[12,13]. Hence there is a severe deficiency of vegetables 
during summer season due to adverse climatic conditions 
[14-16]. The bitter gourd production can meet up the crisis. 
It grows more or less in every area of Bangladesh. Young 
shoots and leaves are extensively used as vegetable in the 
Philippines where the plants are found in the wild in waste 
places. The juice of the leaves and fruits of bitter gourd has 

been used as an anthelmintic, and is applied externally for 
malignant ulcers [17]. According to Ayensu [18], the leaves 
are also used traditionally in the treatment of breast cancer. 
Bitter gourd may contribute to the nutritional shortage of 
the people of Bangladesh. 

Particularly, it can provide added proteins, minerals 
and vitamins to the diet. Although bitter gourd is an 
important vegetable crop, there is no recommended 
variety in Bangladesh and very little is known about its 
improvement practice. The considerable increases in 
bitter gourd production is no doubt remarkable, but the 
fact remains that the bitter gourd growers are surrounded 
with a number of problems, like the pests and diseases, 
high labour charge etc. Very few research works relating to 
diversity of bitter gourd have been conducted in Bangladesh. 
So, intensive research efforts are needed in several areas, 
particularly, selection of superior genotypes. There is a lot 
of variability among the existing bitter gourd germplasm of 
Bangladesh. An understanding of the nature and magnitude 
of the variability among the genetic stocks of bitter gourd 
is of prime importance for the breeder. A good knowledge 
of genetic wealth might also help in identifying desirable 
cultivars for commercial production. Because of its nature 
of high cross pollination, hardly any genetically pure strain 
is available to the growers. Among the local cultivated 
varieties, a wide range of genetic variability exists in this 
crop which can be exploited for its improvement. The 
basic key to a breeder is to develop high yielding varieties 
through selection, either from the genotypes or from the 
segregates of a crop. Expression of different plant character 
is controlled by genetic and environmental factors. So, the 
study of genetic parameters is necessary for a successful 
breeding program which will provide valuable information 
on the mode of inheritance of different characters which 
would be useful in selecting plants desirable characters 
to develop new varieties of bitter gourd in the country. In 
a hybridization program knowledge of interrelationship 
among and between yield and yield components is 
necessary. Thus, determination of correlation between 
the characters is a matter of considerable importance in 
selection. Based on the information, the present study was 
undertaken to know the yield potentiality of genotypes and 
to screen out the suitable parental groups which are likely 
to provide superior segregates on hybridization.

Materials and Methods
This chapter deals with the major information regarding 

materials and methods that were used in conducting the 
experiment. It consists of a short description of locations 
of the experimental site, characteristics of soil, climate, 
materials, layout and design of the experiment, land 
preparation, manuring and fertilizing, transplanting 
of seedlings, intercultural operations, harvesting, data 
recording procedure, economic and statistical analysis 
etc. The research work relating to determine the genetic 
diversity of bitter gourds was conducted at the Sher-e-
Bangla Agricultural University Farm, Dhaka-1207 during 
April 2015 to September 2015. 
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Soil of the experimental site belongs to the general soil 
type, Shallow Red Brown Terrace Soils under Tejgaon Series. 
Top soils were clay loam in texture, olive-gray with common 
fine to medium distinct dark yellowish brown mottles. Soil 
pH ranged from 6.0- 6.6 and had organic matter 0.84%. 
Experimental area was flat having available irrigation and 
drainage system and above flood level. Twenty genotypes 
of bitter gourd were used for the present research work. 
The purity and germination percentage were leveled as 
around 100 and 80, respectively. The genetically pure and 
physically healthy seeds of these genotypes were collected 
from Plant Siddiq Bazar, Gulistan, Dhaka, Narayanganj 
local market, Dhaka, Agargaon local market, Agargaon, 
Dhaka, Kawran bazar, Dhaka. The name and origin of these 
genotypes are presented in Table 1. The experiment was laid 
out Randomized Complete Block Design (RCBD) with three 
replications. The genotypes were distributed into the every 
plot of each block of the prepared layout of the experiment. 
The individual plot was 3m × 1m in size. The twenty 
genotypes of the experiment were assigned at random into 
plots of each replication. The distance maintained spacing 
row to row 50cm and plant to plant 2m. The distance 
maintained between two blocks was 1m. After final land 
preparation, pits of 50cm × 50cm × 45cm were prepared in 
each plot with a spacing of a spacing of 3m × 1m. Pits were 
kept open in the sun for 7 days to kill harmful insect and 
microorganisms. To control field cricket 5mg Furadan was 
also mixed with the soils of each pit before making it ready 
for dibbling. The following doses of manure and fertilizers 
were applied to the plots for ridge gourd cultivation [19]. 
Total cowdung, half of TSP and one third MOP were applied 
in the field during final land preparation. Remaining TSP 
and one third MOP and whole gypsum and zinc oxide and 
one third of urea were applied in pit one week prior to 
transplantation. Remaining urea and MoP were applied as 
top dressing in four installments at 20, 40, 60 and 75 days 
after transplanting. Several weeding and mulching were 
done as per requirement. At the very first stage weeding 
was done for ease of aeration and less competition seedling 
growth and mulch was provided after an irrigation to 
prevent crust formation and facilitate good aeration.

At the seedling stage red pumpkin beetle attacked tender 
leaves and also after the initial stage they attacked plants 
several times for this Marathon and Ripcord was sprayed 
in the field. In mature stage fruit fly caused severe damage 
to the fruit. For protection from fruit fly, MSGT (Mashed 
Sweet Gourd Trap) and Pheromone bait was used along with 
ripcord, sevin powder.

Fruits were picked on the basis of horticultural maturity, 
size, color and age being determined for the purpose of 
consumption as the fruit grew rapidly and soon get beyond 
the marketable stage, frequent picking was done throughout 
the harvesting period. Data were recorded on Days to first 
male flowering, Days to first female flowering, Vine length 
(m), Number of nodes per vine, Branches per vine, Fruit 
length (cm), Fruit diameter (cm), Number of fruit per plant, 
Weight per fruit (g), Yield per plant (kg) parameters from 
the studied plants during the experiment. The details of data 
recording are given below on individual plant basis (Figure 
1).

Figure 1: Field view of the experiment.

Sl. No. Genotypes No Origin
1 G1 Agargaon local market, Agargaon, Dhaka
2 G2 Siddiq Bazar, Gulistan, Dhaka
3 G3 Narayanganj local market
4 G4 Agargaon local market, Agargaon, Dhaka
5 G5 Siddiq Bazar, Gulistan, Dhaka
6 G6 Agargaon local market, Agargaon, Dhaka
7 G7 Siddiq Bazar, Gulistan, Dhaka,
8 G8 Siddiq Bazar, Gulistan, Dhaka,
9 G9 Narayanganj local market
10 G10 Narayanganj local market
11 G11 Kawran bazar,Dhaka
12 G12 Narayanganj local market
13 G13 Agargaon local market, Agargaon, Dhaka
14 G14 Siddiq Bazar, Gulistan, Dhaka,
15 G15 Kawran bazar,Dhaka
16 G16 Agargaon local market, Agargaon, Dhaka
17 G17 Narayanganj local market
18 G18 Siddiq Bazar, Gulistan, Dhaka,
19 G19 Narayanganj local market
20 G20 Kawran bazar,Dhaka

Table 1: Name and origin of twenty Bitter gourd genotypes used in the 
present study.
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Statistical Analysis
Mean data of the characters were subjected to multivariate 

analysis. Univariate analysis of the individual character was 
done for all characters under study using the mean values [20] 
and was estimated using MSTAT-C computer programme. 
Duncan’s Multiple Range Test (DMRT) was performed for all 
the characters to test the differences between the means of 
the genotypes. Mean, range and co-efficient of variation (CV 
%) were also estimated using MSTAT-C.

Estimation of genotypic and phenotypic variances
Genotypic and phenotypic variances were estimated 

according to the formula given by Johnson, et al [21]. 

Genotypic variance 2
g( ) GMS EMS

r
−

σ =

Where,

GMS=Genotypic mean sum of square

EMS=Error mean sum of square

r=number of replications

Phenotypic variance (σ2
ph)=σ2

g+EMS

Where,

σ2
g=Genotypic variance

EMS=Error mean sum of square 

σ2
e=Error variance

Estimation of genotypic and phenotypic co-efficient 
of variation

Genotypic and phenotypic co-efficient of variation were 
calculated by the formula suggested by 

Genotypic co-efficient of variation 

( )
2

GCV % 100g

x
σ

= ×

Where,

σ2
g = Genotypic variance 

x = Population mean

Similarly, the phenotypic co-efficient of variation was 
calculated from the following formula.

Phenotypic co-efficient variation ( )
2

PCV 100ph

x
σ

= ×

Where,

σ2
ph=Phenotypic variance

x =Population mean

Estimation of genotypic and phenotypic correlation 
co-efficient

For calculating the genotypic and phenotypic correlation 
co-efficient for all possible combinations the formula 
suggested by Miller, et al [22], Johnson, et al [21]and Hanson, 
et al [23] were adopted.

The genotypic co-variance component between two 
traits and have the phenotypic co-variance component were 
derived in the same way as for the corresponding variance 
components. The co-variance components were used to 
compute genotypic and phenotypic correlation between the 
pairs of characters as follows:

Genotypic correlation ( ) pxy
pxy 2 2

r
( , )px py

σ
=

σ σ

Where,

σgxy=Genotypic co-variance between the traits x and y

σ2
gx=Genotypic variance of the trait x

σ2
gy=Genotypic variance of the trait y

Phenotypic correlation ( ) pxy
pxy 2 2

r
( , )px py

σ
=

σ σ

Where,

σpxy=Phenotypic covariance between the traits x and y

σ2
px=Phenotypic variance of the trait x

σ2
py=Phenotypic variance of the trait y

Estimation of heritability
Broad sense heritability was estimated [24] by the 

following formula, suggested by Johnson, et al [21].

2
g2

b 2h %  100
ph

σ
= ×
σ

Where,

h2 
b=Heritability in broad sense

σ2
g=Genotypic variance

σ2
ph=Phenotypic variance

Estimation of genetic advance
The expected genetic advance for different characters 

under selection was estimated using the formula suggested 
by Lush [24] and Johnson, et al [21].

Genetic advance (GA)=K.h2.σph

2

2GA=K. .g
ph

ph

σ
σ

σ

Where, 

K=Selection intensity, the value which is 2.06 at 5% 
selection intensity
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σph=Phenotypic standard deviation 

h2
b=Heritability in broad sense

σ2
g=Genotypic variance

σ2
ph=Phenotypic variance

Estimation of genetic advance mean’s percentage
Genetic advance as percentage of mean was calculated 

from the following formula [25] 

( )
( )

Genetic Advance GA
Genetic advance (%of mean)  100

Population mean x
= ×

Result and Discussion
This chapter comprises the presentation and discussion 

of the findings obtained from the study. The data pertaining 
to 20 bitter gourd genotypes as well as yield and its 
contributing characters were computed and statistically 
analyzed and the results thus obtained are discussed below 
under the following heads: 

Analysis of variance
The analysis of variance indicated significantly higher 

amount of variability among the genotypes for all the 
characters studied viz., vine length, branch per vine, nodes 
per vine, days to first male flowering, days to first female 
flowering, fruit length, fruit diameter, fruit weight, fruits 
per plant and fruits yield per plant (Table 2). The variation 
due to replication was non-significant for all the characters 
studied.

Genetic variability, heritability and genetic advance

The estimates of mean, range, genotypic and phenotypic 
coefficients of variation, heritability, genetic advance and 
genetic advance as per cent mean for all the characters 
were studied and the results are presented in Tables 3and 4 
depicted in Figures 2 and 3. The mean performance of bitter 
gourd genotypes for various growth characters and yield 
components are presented in Table 5.

Mean sum of square for days to first male flowering 
was highly significant (Table 2) indicating existence of 
considerable difference for this trait. The maximum days 
to first male flowering was found 60 and the minimum was 
recorded 50 with the mean value 53.9 (Table 5). Significant 
difference of genotypes for this character was found and 
that was almost similar with Rahman, et al [26] in bitter 
gourd and Banik [27] in snake gourd. Days to male flowering 
was earlier than days to female flowering and this findings 
supported the findings of Rahman, et al [26,28] in bitter 
gourd. The genotype G17 was the earliest to flower (50.00 
days) while G2 was late to flower (60.00 days). The PCV and 
GCV were 6.09 and 3.89 percent, respectively (Table 4). The 
heritability estimates were moderate 40.70 percent with low 
genetic advance over percentage of mean 5.11 percent were 
observed for this trait (Table 4). The maximum days to first 
female flowering was found 65.33 and the minimum was 
recorded 55 with the mean value 61.38 (Table 5). The value 
ranged from 55.00 to 65.33 days G12 and G1, respectively 
(Table 4). The PCV and GCV were 6.26 and 4.33 percent with 
overall mean of 61.38 days (Table 4).

Source Df
Mean sum of square

DFMF DFFF VL NPV BPV FL FD FPP FW FYP

Rep 2 44.60 56.12 0.01 44.82 0.47 0.91 1.52 64.12 538.02 0.970

Treatment 19 19.55** 28.89** 0.18** 16.71** 43.42** 27.49** 2.85** 21.39** 1731.10** 0.361**

Error 38 6.39 7.71 0.01 2.76 2.13 2.72 1.36 2.77 121.51 0.058

Table 2: Analysis of variance of different characters in bitter gourd.
**Correlation is significant at the 0.01 level.
DFMF=Days to First Male Flowering; DFFF=Days to First Female Flowering; VL=Vine Length (M); BPV=Branches Per Vine; NPV=Nodes Per Vine; FL=Fruit 
Length (cm), FD=Fruit Diameter (cm), FPP=Fruits Per Plant; FW=Fruit Weight (g); FYP=Fruits Yield Per Plant (Kg).

Parameters Range Mean MS CV (%) σ2 p σ2g σ2 e
DFMF 50.00-60.00 53.9 19.54** 4.69 10.78 4.39 6.39
DFFF 55.00-65.33 61.38 28.88** 4.52 14.77 7.06 7.71
VL 3.90-4.83 4.27 0.17** 2.11 0.06 0.06 0.01
NPV 78.00-87.33 82.78 16.71** 2.00 7.41 4.65 2.76
BPV 30.00-43.67 37.82 43.42** 3.86 15.90 13.76 2.13
FL 14.37-26.00 20.04 27.49** 8.23 10.98 8.26 2.72
FD 11.30-15.37 13.23 2.84* 8.82 1.86 0.49 1.36
FPP 16.67-26.00 21.93 21.38** 7.58 8.97 6.21 2.77
FW 81.67-183.33 108.22 1,731.09** 10.18 658.04 536.53 121.51

FYP 1.70-3.07 2.28 0.36** 10.52 0.16 0.10 0.06

Table 3: Estimation of genetic parameters in ten characters of 20 genotypes in Bitter Gourd.
**Correlation is significant at the 0.01 level.
DFMF=Days to First Male Flowering; DFFF=Days to First Female Flowering; VL=Vine Length (M); BPV=Branches Per Vine; NPV=Nodes Per Vine; 
FL=Fruit Length (cm); FD=Fruit Diameter(cm); FPP=Fruits Per Plant; FW=Fruit Weight (gm); FYP=Fruits Yield Per Plant (Kg); MS=Mean Sum of Square; 
CV(%)=Coefficient of Variation; σ2p=Phenotypic Variance; σ2g=Genotypic Variance and σ2 e=Environmental Variance
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The heritability estimates were moderate (47.78%) 
with low genetic advance over mean of 6.16 percent (Table 
4). The grand mean vine length recorded was 4.27 m. It 
ranged from 3.90 m to 4.83 m (Table 3). It was varied from 
3.035 to 7.85 as reported by Varghese [29]. The analysis of 
variance revealed highly significant differences among the 
genotypes with respect to vine length. The maximum vine 
length (4.833 m) was recorded by the genotype G8 and the 
lowest (3.9 m) was recorded by both in G9 and G13 (Table 
5). The PCV and GCV were 5.95 and 5.57 per cent (Table 4) 
respectively. Narrow difference between GCV and PCV for 
this trait indicated the less environmental influence. The 
estimates of heritability were high (87.35) percent with an 

expected genetic advance in percent mean (10.72) (Table 4). 
High heritability indicated effectiveness of selection based 
on this trait and it supported by Saha, et al [30] findings. 
The number of nodes per vine was ranged from 78.00 to 
87.33 with mean of 82.78 (Table 3). The minimum numbers 
of nodes per plant were observed in genotype G19 while 
the maximum numbers of nodes per plant were found in 
the genotype G9 (Table 5). The coefficients of variability at 
phenotypic and genotypic level were 3.29 and 2.60 per cent 
respectively. Narrow difference between GCV and PCV for 
this trait indicated the less environmental influence. 

The values for heritability were moderate 62.71with low 
genetic gain 4.25 percent (Table 4). It ranged from 30.00 to 

Parameters PCV GCV ECV Heritability Genetic advance (5%) Genetic advance (% mean)

DFMF 6.09 3.89 4.69 40.70 2.75 5.11

DFFF 6.26 4.33 4.52 47.78 3.78 6.16

VL 5.95 5.57 2.12 87.35 0.46 10.72

NPV 3.29 2.60 2.01 62.71 3.52 4.25

BPV 10.54 9.81 3.86 86.58 7.11 18.80

FL 16.54 14.34 8.23 75.22 5.13 25.62

FD 10.30 5.32 8.83 26.61 0.75 5.65

FPP 13.66 11.36 7.58 69.18 4.27 19.47

FW 23.70 21.40 10.19 81.53 43.09 39.81

FYP 17.46 13.93 10.53 63.65 0.52 22.91

Table 4: Estimation of genetic parameters in ten characters of 20 genotypes in Bitter Gourd.

DFMF=Days to First Male Flowering; DFFF=Days to First Female Flowering; VL=Vine Length (M); BPV=Branches Per Vine; NPV=Nodes Per Vine; FL=Fruit 
Length (cm); FD=Fruit Diameter(cm); FPP=Fruits Per Plant; FW=Fruit Weight (gm); FYP=Fruits Yield Per Plant (Kg); PCV=Phenotypic Coefficient of Variation; 
GCV=Genotypic Coefficient of Variation; ECV=Environmental Coefficient of Variation

Genotype VL BPV NPV DFMF DFFF FL FD FW FPP FYP
G1 4.450 41.000 82.667 57.667 65.333 14.367 15.367 91.333 20.000 2.100
G2 3.933 30.667 84.000 60.000 64.000 21.100 12.933 109.333 16.667 2.033
G3 4.667 30.000 87.333 55.000 65.000 25.047 13.567 134.333 19.667 1.833
G4 4.317 43.667 82.000 58.000 64.333 20.833 11.300 81.667 18.667 2.600
G5 4.200 38.000 83.333 53.667 57.667 19.233 14.033 108.667 18.000 2.533
G6 4.267 34.333 81.000 52.667 55.333 20.000 13.300 109.667 23.333 2.333
G7 4.477 36.333 85.333 57.000 62.333 26.000 13.767 135.000 24.000 2.167
G8 4.833 38.667 82.333 52.333 62.667 17.250 13.333 94.667 25.667 2.433
G9 3.900 41.000 87.333 54.333 58.000 19.833 12.800 100.000 26.000 2.333
G10 4.200 36.333 82.667 52.333 65.000 18.167 12.800 87.000 24.667 1.800
G11 4.500 36.000 81.667 54.000 58.667 20.117 13.767 105.333 22.000 2.167
G12 4.400 41.667 80.000 54.333 55.000 23.600 12.067 137.333 25.000 2.533
G13 3.900 38.333 84.000 53.667 63.667 18.633 11.933 85.333 20.333 1.833
G14 4.183 35.333 82.667 54.000 62.000 19.933 12.800 93.333 19.667 1.700
G15 4.350 42.333 85.000 52.000 63.000 17.733 14.000 102.000 22.333 2.400
G16 4.250 43.000 81.000 51.667 61.333 25.900 13.500 183.333 22.000 2.467
G17 4.150 41.000 84.000 50.000 59.667 17.800 12.633 90.000 20.333 2.267
G18 4.083 37.000 80.333 51.333 61.000 18.567 15.067 115.333 24.000 2.233
G19 4.067 36.333 78.000 51.667 62.667 18.600 12.700 106.667 24.000 3.067
G20 4.320 35.333 81.000 52.333 61.000 18.033 13.000 94.000 22.333 2.800
Mean 4.27 37.82 82.78 53.90 61.38 20.04 13.23 108.22 21.93 2.28
Min. 3.90 30.00 78.00 50.00 55.00 14.37 11.30 81.67 16.67 1.70
Max. 4.83 43.67 87.33 60.00 65.33 26.00 15.37 183.33 26.00 3.07

Table 5: Mean performance of various growth parameter and yield components.

VL=Vine Length (M); BPV=Branches Per Vine; NPV=Nodes Per Vine; DFMF=Days to First Male Flowering; DFFF=Days to First Female Flowering; FL=Fruit 
Length (cm); FD=Fruit Diameter (cm); FPP=Fruits Per Plant; FW=Fruit Weight (g); FYP=Fruits Yield Per Plant (Kg)
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43.67 with a mean value of 37.82 (Table 3). The maximum 
numbers of branches were recorded in G4 and G3 genotypes 
showed the minimum number of branches (Table 5). The PCV 
and GCV observed were 10.54 and 9.81 percent respectively 
(Table 4). Narrow difference between GCV and PCV value for 
this trait indicated the less environmental influence. High 
heritability 86.58 percent coupled with high genetic advance 
over percentage of mean 18.80 percent were noticed (Table 
4). 

The mean fruit length noticed was 20.04 cm with a range 
of 14.37 to 26.00 cm (Table 3). Significant variation also 
observed by Mangal, et al [31] in Bitter gourd. The genotype 
G1 showed the minimum fruit length and the maximum fruit 
length was recorded in the accession G7 (Table 5). The values 

of 16.54 and 14.34 are noticed for PCV and GCV, respectively 
(Table 4). Narrow difference between GCV and PCV for this 
trait indicated the less environmental influence. Similar 
minimum difference between GCV and PCV were reported by 
Rahman, et al [32] in bottle gourd. The heritability estimate 
was high 75.22 percent with high genetic advance over 
mean of 25.62 percent could be noted (Table 4). Photograph 
showing variation in fruits among different genotypes 
of Bitter gourd (Figures 4 and 5). The grand mean of fruit 
diameter recorded was 13.23 cm. It ranged from 11.30 cm to 
15.37 cm (Table 3). The analysis of variance revealed highly 
significant differences among the genotypes with respect to 
fruit diameter. The maximum fruit diameter (15.37 cm) was 
recorded by the genotype G1 and the lowest fruit diameter 
(11.30 cm) was recorded by G4 (Table 5). The PCV and GCV 
were 10.30 and 5.32 percent respectively. The estimates of 
heritability were low at 26.61 percent with genetic advance 
over mean also low 5.65 (Table 4). A wide variation was 
found among the genotypes for the fruits per plant. It varied 
16.67 to 26.00 significantly among the genotypes with an 
overall mean of 21.93 (Table 3). The entry G2 showed the 
lowest fruits per plant and the highest fruits per plant was 
recorded by the entry G9 (Table 5). The PCV and GCV were 
13.66 and 11.36, respectively (Table 4). Narrow difference 
between GCV and PCV for this trait indicated the less 
environmental influence. The high heritability estimates of 
69.18 percent with moderate genetic advance over mean of 
19.47 percent were noticed for fruits per plant.

Fruit weight ranged from 81.67 to 183.33 g with a mean 
of 108.22 g. The minimum fruit weight was recorded by 
the accession G4 and accession G16 showed the maximum 
fruit weight (Table 5). This result was almost similar with 
Zaman, et al [33] findings and they found the maximum fruit 
weight from Local (189 g) in sponge gourd. The PCV and GCV 
obtained were 23.70 and 21.40 percent, respectively. Narrow 
difference between GCV and PCV for this trait indicated the 
less environmental influence. The values of high heritability 
(81.53%) along with high genetic advance as percent mean 
(39.81%) were observed for this trait (Table 4). High values 
of variability, PCV, GCV, heritability and genetic advance 
have recorded for this trait indicating that this character was 
controlled by additive gene effects and this findings were 
supported by Chowdhury and Sharma [34] in Luffa acutangula 
and Rumaran, et al [35] in pumpkin. The mean fruit yield per 
plant noticed was 2.28 kg with a range of 1.70 kg to 3.07 kg in 
the genotype G14 and G19, respectively (Table 5). Moderate 
phenotypic coefficient of variability (17.46%) and genotype 
coefficient of variability (13.93%) along with high heritability 
(63.65%) and genetic advance as percent mean (22.91) were 
recorded (Table 4). High heritability coupled with high genetic 
advance was observed by Rumaran, et al [35] in pumpkin. 

Correlation analysis
The study of yield components and their inter relationship 

along with yield and their direct and indirect contribution 
to yield is of immense importance. Yield is the resultant 
of combined effect of several component characters and 
environment. Understanding the interaction of characters 
among themselves and with environment has been of 
great use in the plant breeding. Correlation studies provide 

Figure 2: Genotypic and phenotypic variability in Bitter Gourd.

Figure 3: Heritability and genetic advance over mean in Bitter Gourd.

Figure 4: Photograph showing variation in fruits among different genotypes 
of Bitter gourd.

Figure 5: Photograph showing variation in fruits among different genotypes 
of Bitter gourd.
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information on the nature and extent of association between 
only two pairs of metric characters. From this it would be 
possible to bring about genetic up gradation in one character 
by selection of the other of a pair, obviously, knowledge 
about character associations will surely help to identify the 
characters to make selection for higher yield with a view to 
determine the extent and nature of relationship prevailing 
among yield contributing characters. Hence, an attempt has 
been made to study the character association in the bitter 
gourd accessions at both the levels. Association of yield 
components with fruit yield at genotypic and phenotypic 
level was depicted in Figure 6. 

Fruit yield per plant vs. yield components
A highly significant and positive association of fruit yield 

per plant at both the genotypic and phenotypic levels was 

observed with branches per vine (0.378** and 0.336**) and 
fruits per plant (0.346** and 0.143) (Tables 6 and 7). These 
results were supported by Badade, et al [36], Sarker, et al 
[37] and Kumaran, et al [38]. Direct selection of genotype 
based on such characters in different. Therefore, selection 
for any of these highly associated characters with fruit yield 
per plant will indirectly help in selecting the plants with high 
yield. Hence, it is worthwhile to have genotypes with higher 
branches per plant, higher fruits per plant to get higher 
yields. 

These results suggested that the branches can 
advantageously be used as criteria for selection. Hence, 
selection for any of these traits would improve the other 
traits. Vine length (0.026 and 0.041) and fruit weight (0.117 
and 0.118) had shown insignificant positive association with 
fruit yield per plant at both the levels (Tables 6 and 7) and 
it was similar with the findings of Li, et al [39] and Vijay 
[40]. Nodes per vine (-0.620** and -0.423**) and days to 
first female flowering (-0.539** and -0.103) had significant 
negative association and days to first male flowering 
(-0.232 and -0.271*), fruit length (-0.062 and -0.072) and 
fruit diameter (-0.231 and -0.023) had negative association 
with fruit yield per plant (Tables 6 and 7). Significantly and 
negatively correlated of days to first male and female flower 
appearance with yield was reported by Badade, et al [36].

Correlation among yield components
Days to first male flowering had positive and highly 

significant correlation with days to first female flowering 
(0.574**) and nodes per vine (0.410**) at genotypic level 
(Table 6). It also exhibited positive association with fruit 
length (0.244 and 0.192) and vine length (0.039 and 0.020) at 

Figure 6: Genotypic & Phenotypic Correlation Coefficient for 9 yield 
contributing characters with yield of Bitter Gourd.

DFFF VL NPV BPV FL FD FPP FW FYP

DFMF 0.574** 0.142 0.338** -0.173 0.244 -0.116 -0.606** -0.060 -0.232
DFFF - 0.039 0.410** -0.234 -0.142 0.153 -0.368** -0.262* -0.539**
VL - - 0.013 -0.022 0.137 0.313* 0.166 0.171 0.026
NPV - - - -0.156 0.196 0.084 -0.251 -0.059 -0.620**
BPV - - - - -0.150 -0.182 0.243 0.001 0.378**
FL - - - - - -0.237 -0.035 0.828** -0.062
FD - - - - - - 0.158 0.220 -0.231
FPP - - - - - - - 0.124 0.346**
FW - - - - - - - - 0.117

Table 6: Genotypic correlation coefficients among different pairs of yield and yield contributing characters for different genotype of bitter gourd.
**=Significant at 1%; *=Significant at 5%.
DFMF=Days to First Male Flowering; DFFF=Days to First Female Flowering; VL=Vine Length (M); BPV=Branches Per Vine; NPV=Nodes Per Vine; FL=Fruit 
length (cm); FD=Fruit Diameter (cm); FPP=Fruits Per Plant; FW=Fruit Weight (g); FYP=Fruits Yield Per Plant (Kg)

DFFF VL NPV BPV FL FD FPP FW FYP
DFMF 0.094 0.020 0.200 -0.161 0.192 -0.019 -0.350** -0.054 -0.271*
DFFF - 0.038 0.116 -0.110 -0.162 0.012 -0.262* -0.186 -0.103
VL - - 0.038 -0.031 0.163 0.244 0.181 0.181 0.041
NPV - - - -0.091 0.143 0.026 -0.133 -0.093 -0.423**
BPV - - - - -0.176 -0.080 1.276 0.006 0.336**
FL - - - - - -0.196 0.053 0.743** -0.072
FD - - - - - - -0.063 0.219 -0.023
FPP - - - - - - - 0.153 0.143
FW - - - - - - - - 0.118

Table 7: Phenotypic correlation coefficients among different pairs of yield and yield contributing characters for different genotype of bitter gourd 
**=Significant at 1%; *=Significant at 5%.
DFMF=Days to First Male Flowering; DFFF=Days to First Female Flowering; VL=Vine Length (M); BPV=Branches Per Vine; NPV=Nodes Per Vine; FL=Fruit 
length (cm); FD=Fruit Diameter (cm); FPP=Fruits Per Plant; FW=Fruit Weight (g); FYP=Fruits Yield Per Plant (Kg)
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both genotypic and phenotypic levels [41]. It had a negative 
and significant association with only fruits per plant (-0.606** 
and -0.350**) at both the levels (Tables 6 and 7). Days to 
first female flowering had a positive and highly significant 
correlation with nodes per vine (0.338**) and days to first 
male flowering (0.574**) at genotypic level (Table 6). This 
character also showed significant and negative correlation 
with fruits per plant (-0.368** and -0.262*) at both levels and 
with fruit weight (-0.262*) at genotypic level (Tables 6 and 
7). Vine length showed significant and positive correlation 
with fruit diameter (0.313*) at genotypic level (Table 6). It 
showed positive association with other trait namely days to 
first female flowering (0.142 and 0.038), fruit length (0.137 
0.163), fruit weight (0.171 and 0.181) and fruits per plant 
(0.166 and 0.181) at both the levels (Tables 6 and 7). 

Nodes per vine had highly significant and positive 
correlation with days to first male flowering (0.410**) and 
days to first female flowering (0.338**) at genotypic level 
(Table 6). It had positive correlation at both levels with 
fruit length (0.196 and 0.143) and fruit diameter (0.084 and 
0.026) and vine length (0.013 and 0.038). An insignificant 
negative correlation of nodes per vine with Fruits per 
plant (-0.251 and -0.133) and branches per vine (-0.156 
and -0.091) at both levels is shown in Tables 6 and 7. The 
correlation of branches per vine with fruits per plant (0.243 
and 0.276) was positive and non-significant at genotypic 
and phenotypic level (Tables 6 and 7). It had insignificant 
and negatively correlation with days to first male flowering 
(-0.234), days to first female flowering (-0.173), fruit length 
(-0.150), fruit diameter (-0.182) and node per vine (-0.156) 
at both the genotypic level (Table 6).

Fruit length showed highly significant and positive 
correlation with fruit weight (0.828** 0.743**) at both 
levels and positive association with vine length (0.137 
and 0.163), nodes per vine (0.196 and 0.143) and days 
to first male flowering (0.244 and 0.192) at genotypic 
and phenotypic levels, respectively (Tables 6 and 7). It 
was negative association with fruit diameter (-0.237 and 
-0.196), branches per vine (-0.150 and -0.176) and days to 
first female flowering (-0.142 and -0.162) at both genotypic 
and phenotypic levels (Tables 6 and 7). Fruit diameter 
had significant and positive association with vine length 
(0.313*) at genotypic level (Table 6) and it had insignificant 
and positive association with fruit weight (0.220 and 
0.219) at both levels (Tables 6 and 7) and with fruits per 
plant (0.158) and days to first female flowering (0.153) at 
genotypic level (Table 6).

Fruits per plant had positive association with vine length 
(0.166 and 0.181), branches per vine (0.243 and 0.276) and 
fruit weight (0.124 and 0.153) at both levels (Tables 6 and 
7). It showed significant and negative correlation with days 
to first male flowering (-0.606** and -0.350**) and days to 
first female flowering (-0.368** and -0.262*) at both the 
genotypic and phenotypic levels (Tables 6 and 7). Fruit 
weight showed highly significant and positive association 
with fruit length (0.828** and 0.743**) at both the genotypic 
and phenotypic levels, respectively (Tables 6 and 7). 

Conclusion
The high heritability coupled with high genetic advance 

in percent of mean observed in branches per vine, fruit 
length, fruit weight and fruit yield per plant. Hence, yield 
improvement in bitter gourd would be achieved through 
selection of these characters. The characters of branches 
per vine and fruits per plant showed significant and positive 
correlation with fruit yield per plant at both genotypic and 
phenotypic levels. This results suggested that fruit yield per 
plant can be increased by improving these characters. The 
branches per vine, fruit length and fruit diameter showed 
positive direct effect on yield. So yield improvement was 
associated with these characters. The genotypes G19, G9, 
G12 and G4 could be included in the furthest study in view of 
fruit yield for releasing as bitter gourd verities. The maximum 
variability found for branches per vine, fruit length, fruit 
weight and fruit yield per plant. So selection based on these 
characters could be effective for the improvement of bitter 
gourd yield.
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