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INTRODUCTION

The genus Momordica (family Cucurbitaceae) includes about
60 species that are native to Indo-Myanmar and India is sug-
gested as possible centre of domestication (Sands, 1928).
Among all the species, Momordica charantia L. (bitter gourd)
is cultivated largely due to its nutritional and medicinal prop-
erties (Satkar et al., 2013). There is a large diversity in bitter
gourd for fruit shape (tapering/spindle shaped, elliptical, ob-
long, long cylindrical, top shaped, and globular), colour (white,
milky white, Dark green, light green,) and fruit surface (protu-
berant and non-protuberant). Genetic variability forms the basis
for crop improvement. Genotypic and phenotypic coefficients
of variation are useful in detecting the amount of variability
present in the available genotypes. The main purpose of esti-
mating heritability and the genetic parameters that compose
the heritability and the genetic parameters that compose the
heritability estimate is to compare the expected gains from
selection based on alternative selection strategies (Holland et
al. 2003). Correlation analysis is a biometrical technique to
find out the nature and degree of associations among various
traits. Therefore, information on variability and heritability of
plant characters and association among yield and quality
characters are of vital importance in plant breeding
programme. The present study was under taken to ascertain
the magnitude and extend of genetic variability, heritability,
genetic advance and the association of 10 characters in bitter
gourd genotypes.

The nature and magnitude of genetic diversity were estimated in 25 bitter gourd genotypes on 10 quantitative
traits during the summer season under indo-gangetic plains of eastern Uttar Pradesh, so as to identify promising
traits on which selection can be made. The experiment carried out following randomizing block design with
three replications results indicted that high phenotypic and genotypic coefficients of variation were found for
fresh fruit yield per plant followed by fruit length, fruit width and number of fruits per plant, indicating high
genetic variability in these traits. High heritability coupled with high genetic advance as percent of mean was
observed for fruit length, yield per plant, fruit diameter, fruit weight, branch per plant and seeds per fruit,
indicating the possible role of additive gene action. The path coefficient analysis based on fruit diameter as a
dependent variable implicated that plant height had the highest positive direct effect on fruit yield. The emphasis
should be given to improve fruit yield per plant in bitter gourd, focus should be given on fruit weight, fruit length,
fruit diameter and plant height as it has positive correlation with fruit yield per plant.

MATERIALS AND METHODS

The experiment was conducted at Indian Institute of Vegetable
Research, Varanasi (U.P.) India during the summer season of
2009-10. The experimental materials of comprised 25 diverse
genotypes viz. GY-323, GY-333, DRAR-1, VRBT-1, MC-84,
DVBTG-7, DVBTG-5, PDM, DRBS-1, DRBS-2, DRBS-36, DRBS-
41, DRBS-87, DRBS-88, DRBS-89, DRBS-100, IC-85641, IC-
113878, 1C-505208, PGB-6, Arka Harit, VRBT-37, VRBT-41,
VRBT-04 and VRBT-63)’ of bitter gourd, which were collected
from different parts of India. The experiment was laid down in
a Randomized Block Design (RBD) with three replications.
The crop was managed as per recommended package of
practices to raise the crop during summer season. In each
replication, seeds of each genotype were sown in 3m long
rows at 45cm distance between lines and 30 cm between
plants. Ten plants of each genotype were randomly selected
from each replication for recording horticultural traits viz.,
days to first female flower anthesis (DFA), days to edible
maturity (DEM), branch per plant (BP), plant height (PH), fruit
diameter (FD), fruit length (FL), fruit per plant (FP), fruit weight
(FW), seeds per fruit (SF) and yield per plant (YP). The analysis
of variance for different quantitative characters in bitter gourd
was estimated as procedure for suggested by Panse and
Sukhatme (1985). Genotypic and phenotypic coefficients of
variation were estimated using the procedure suggested by
Burton and De Vane (1953) and heritability in broad sense
and genetic advance expressed in percent of mean were
calculated (Burton, 1952). The correlations were worked out
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Table 1: Estimates of mean, range, variability, heritability (bs) and genetic gain for yield and yield related traits in bitter gourd

Yield per

Seed per
fruit

Fruit weight

Fruit per
plant

Fruit length

(cm)

Fruit
diameter
(cm)
2.39
0.19

Plant height

Branch per
(cm)

plant

Days to
edible

Days to first

Parameters

plant (Kg)

female flower
anthesis
39.01

maturity
52.80
1.45

1.12

0.15

11.79
0.53

35.33

15.07
0.81

101.51 10.35
0.51

1.46

8.64
0.52

Mean (%)

1.44

0.97

SE+ (%)

0.48-1.99
41.55

40.52

6.61-18.19

26.15

14.59-59.69

31.36
31.61
99.90
22.99
65.07

8.51-21.30
25.34
25.27
99.50

7.20

4.35-18.49

45.98

41.75-58.52 5.31-15.34 59.66-153.53 1.10-4.10

8.72
8.49

31.25-48.52

12.30
12.31

Range (%)
PCV (%)

26.40 34.16

26.39

30.55

26.13

45.92

33.40
95.60

1.61

30.35

GCV (%)

95.20
0.91

99.90
6.34

99.70
9.68

94.70 98.70 100.00
54.54
53.73

99.80
9.88

Heritability (bs)

36
62.04

8.96

Genetic advance

81.25

53.77

47.78

93.53

67.36

16.97

25.33

GA as per cent of mean

as per methods suggested by Johnson et al. (1955) and Al-
Jibouri et al. (1958) and path analysis was calculated according
to Dewey and Lu (1959).

RESULTS AND DISCUSSION

The analysis of variance for 10 quantitative characters revealed
that mean squares were highly significant for all the characters
indicating enough variability in genotypes. However, the
absolute variability in different characters does not permit
identification of characters showing the higher degree of
variability. The higher degree of variation was observed in
phenotypic and genotypic variance among the characters
studied. A close proximity in the phenotypic and genotypic
coefficients of variability was observed indicating a little
influence of environment in the expression of various
horticultural traits studied. Maximum variation was shown by
fruityield per plant followed by fruit length. Low variance was
observed for branch per plant, plant height, fruit diameter,
fruits per plant, fruit weight and seed per fruit. In the present
investigation all the characters except weight of fruit showed
narrow differences between the values of GCV and PCV (Table-
1) indicating variability due to genetic constitution. This
indicates better scope of selection through these traits for
improvement in bitter gourd on the basis of phenotypic
characters alone with equal probability of success. The
heritability was very high for all the traits studied indicated less
influence of environment in the expression of these traits. The
heritability alone in predicting the resultant effect of selecting
best individual genotype as it suggests the presence of additive
gene effects. The higher estimates of heritability coupled with
higher genetic advance only for plant height, whereas high
heritability with moderate genetic advance only for fruit height
indicated that heritability of these traits is mainly owing to
additive effects and consequently a high genetic advance is
expected from selection under such situations. High heritability
accompanied by low genetic advance for days to first flower
anthesis, edible maturity, branch per plant, fruit diameter, fruit
length, fruits per plant, seeds per fruit and yield per plant is
indicative of non-additive gene action; therefore selection in
early generation for these traits may not be effective due to
linkage. These finding were also supported by Islam et al.
(2009) and Kundu, et al., (2012)

The genotypic correlation were higher than their
corresponding phenotypes for all the traits studied suggesting
strong inherent association between these traits at genotypic
level (Table 3), which was in agreement with the results
obtained by Srivastva and Srivastva (1976), Singh et al. (1977),
Indresh (1982), Lawande and Patil (1989), Panthi et al. (1995),
Singh et al. (2013) and Reddy et al. (2014) for yield per plant.
Yield per plant showed significant positive association with
plant height, fruit diameter, fruit length and seeds per fruit.
Seeds per fruit have positive significant correlation with days
to first flower anthesis, plant height, fruit diameter, fruit length,
fruits per plant and fruit weight. Fruit weight had a positive
significant correlation with fruit diameter, fruit length and fruits
per plant. Fruit length showed significant positive association
with plant height and fruit diameter, whereas fruit diameter
showed significant positive correlation with days to first flower
anthesis and plant height. Plant height had a significant positive




MANAGEMENT OF YELLOW RUST (PUCCINIASTRIIFORMIS. WEST)

Yield per plant
0.296
-0.297
0.270
0.596%*
0.743%%*
0.533*%
0.186
0.178
0.603**
0.0

Seed per
fruit
0.596%*
-0.081
0.255
0.544%*
0.745%*
0.619%*
0.477%*
0.403*
0.0
0.588**

Fruit
weight
0.327
0.285
-0.229
0.360
0.538*
0.493*
0.637%*
0.0
0.403*
0.179

Fruit per

plant
0.214
0.093
-0.004
0.239
0.294
0.624%**
0.0
0.635%*
0.476*
0.178

Fruit
length
0.278
-0.061
0.280
0.687%**
0.548*
0.622%*
0.492%*
0.618**
0.521*%

Fruit
diameter
0.616**
0.064
0.022
0.602%
0.0
0.534*
0.285
0.525%
0.731%**
0.709%**

Plant
height
0.541*
0.179
0.179
0.0
0.645**
0.686**
0.238
0.359
0.544*
0.582*

Branch
per plant
-0.099
-0.165
0.0
0.178
0.019
0.279
-0.006
-0.227
0.253
0.260

Edible
maturity
0.462%
-0.155
0.174
0.041
-0.061
0.091
0.278
-0.081
-0.269

0.0

female flower
anthesis

Days to first
0.0

0.449*
-0.099
0.540*
0.603**
0.277

0.273

0.327

0.595*

0.289

Significantat 1% and 5 % level, respectively

Characters

Days to first flower
female anthesis
Edible maturity
Branch per plant
Plant height
Fruit diameter
Fruit length

Fruit per plant
Fruit weight
Seed per fruit
Yield per plant

Hk ok
’

Table 2: Correlation coefficient at genotypic (above diagonal) and phenotypic (below diagonal) level in bitter gourd genotypes.

correlation with only for days to first flower anthesis whereas
edible maturity had positive significant correlation with days
to first flower anthesis.

The genotypic correlations were partitioned into direct and
indirect effects to know the relative importance of the
components. It was determined that direct and indirect effects
obtained at genotypic level were different from those at the
phenotypic level (Table 3), which might be due to varying
degree of influence of environment. This was supported by
results of component variance analysis and correlation at the
environmental level. Fruit length was observed to be negative
at phenotypic and genotypic level respectively, the
corresponding value at the genotypic/phenotypic level was
positive. This type of change in direction and magnitude of
direct and indirect effect from genotypic to phenotypic level
and vice-versa might be due to environmental factors
influencing various traits. The path analysis at phenotypic
level may not provide a true picture of direct and indirect
causes, and it is advisable to understand the contribution of
different traits towards the fruit yield per plant at the genotypic
level. The residual effect in path coefficient analysis usually
indicates that there are traits other than those included in
pathways that contribute to the dependent variable. Path
coefficient analyses did not account for all variation in fruit
yield as indicated by the magnitude of residual effect (Table-3)
indicating that there are other traits also that contributed to
fruit yield. The low residual effect (0.02352) at genotypic level
indicates that all the important characters correlated with fruit
yield in bitter gourd. Dey et al. (2006), Husna et al. (2011) and
Yadav et al. (2013) also supported the results.

Knowledge of correlation alone, however, is often misleading
as the correlation observed may not be always true. Two
characters may show correlation just because they are
correlated with third common trait. In such cases, it is necessary
to take into account the causal relationship between the
variables in addition to the degree of relationship. For this
path analysis, which reveals the direct and indirect association
is the most reliable method. There was a significant and positive
association between fruit yield per plant and fruit diameter
(r=0.743), path analysis had also revealed that fruit diameter
had positive direct contribution (r=0.862) towards fruit yield
per plant. Similarly, fruit yield and fruit diameter had significant
and positive correlation with fruit yield per plant (r=0.709
and r=0.712). Plant height also had high and positive direct
contribution (0.265), whereas fruit weight had high and
negative direct contribution (-0.290). The branch per plant
(0.127) also had high and positive significant contribution
towards the fruit yield per plant. The characters such as seeds
per fruit, fruit diameter, plant height and number of fruits per
plant contributed indirectly towards fruit yield per plant through
their effect on fruit weight. Singh et al. (1977), Lawande and
Patil (1989) and Sharma and Sengupta (2013) also reported
similar results.

There was adequate genetic variability within the genotypes
evaluated for improvement of fruit yield and growth related
traits. The genetic variation suggested that a positive response
to direct selection is possible for all the traits studied.
Correlation and path coefficient analyses indicated that
selection for more fruits and average fruit weight could be
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0.709**

-0.010
-0.078
-0.008
-0.060
-0.006
-0.051
-0.005
-0.126
-0.013

-0.122
-0.143
-0.144
-0.185
-0.147
-0.290
-0.232
-0.117
-0.094

0.712 0.002 0.031

0.171

0.002

-0.009
0.016

-0.068
-0.026
-0.031
-0.020
-0.024
-0.031
-0.037
-0.056
-0.067

0.533**

0.113

-0.030
0.003

0.472

0.173
0.182
0.060

0.035

G
P
G
P
G

Fruit length

0.5271**
0.186
0.178
0.178
0.179

0.380 0.067

0.253

0.029

0.014

0.182
0.108
0.116

-0.018
0.002

-0.001
-0.001
-0.029
-0.024
0.032

-0.025
-0.020
-0.077
-0.062
0.022

Fruit per plant

0.203

0.063

-0.015
0.002

0.464

0.090

Fruit weight

0.169
0.087

0.374
0.643

0.095

0.603**

-0.018
0.002

0.137
0.144

G

P
Significantat 1% and 5% level, respectively; Residual effect: G,0.02352; P,0.3155; Bold values denote direct effect and non-bold indicate indirect effect; rg = Genotypic correlation on fruit yield.

Seed per fruit

0.588**

0.052

0.520

0.026

0.018
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criteria for simultaneously increasing fruit yield in bitter gourd.
Therefore, due attention should be paid to improve these traits
while selection of high yielding genotypes or for choosing
desirable parents for heterosis breeding.
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