
ASSOCIATION OF FRUIT YIELD AND COMPONENT TRAITS IN
SEGREGATING POPULATION OF BITTER GOURD

K. Radha Rani* , K. Ravinder Reddy and Ch. Surrender Raju
College of Horticulture, Rajendranagar, Hyderabad – 500 030 (Andhra Pradesh), India.

Abstract
The present investigation was carried out to find out the nature and magnitude of genetic variability and association studies
in segregating population of bitter gourd for yield and its attributing traits to select transgressive segregants for further
breeding programme. The experiment was laid out in randomized block design with three replications during summer 2011.
High heritability coupled with genetic advance as percent of mean were observed for number of fruits/vine, average fruit
weight, fruit length and yield/vine indicating the role of additive gene effects in expression of these characters and therefore,
they are more reliable for effective selection. Fruit length, number of fruits/vine, vine length, number of laterals/vine and
average fruit weight were identified as major characters contributing to yield as these traits were significantly and positively
associated with yield/vine. A significant negative correlation of yield was observed with Days to 1st male and female flower
appeared, node number at which 1st male and female flower appeared and sex ratio. The path analysis study revealed that most
of the characters indirectly influenced the yield through number of fruits/vine, average fruit weight and fruit length towards
the favourable direction which had positive direct effect on yield/vine, suggesting that emphasis must be given characters
having high direct effect, while exercising selection to improve the yield.
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Introduction
Bitter gourd (Momordica charantia L.) is an

important vegetable crop widely grown throughout India.
It has wide variability in terms of vine growth, leaf and
fruit characters like length, girth, colour etc. Yield being
a complex character, is dependent upon a number of
attributes. Before initiating an effective selection
programme, it is necessary to know the importance and
association of various component characters with yield
and among each other. Bitter gourd being monoecious in
nature it is easy to make large number of crosses. To
manage large number of recombinant lines in later
generation, it would be highly desirable to start selection
among crosses as early as possible. Developments in
biometrical genetics have led to the suggestion that early
generation trails may be used to predict the ranking of
the crosses according to their likelihood of producing
superior recombinant lines (Singh et al., 2011). The F2 or
F3 derived lines are far from being homozygous and early
generation selection relies on the assumption that the
performance of a line at an early generation of selfing is

predictive of its performance at homozygosity (Chahota
et al., 2007).

A simple measure of correlation of characters does
not quantify the relative contribution of causal factors to
the ultimate yield. Since the component traits themselves
are inter-dependant, they often affect their direct
relationship with yield and consequently restrict the
reliability of selection indices based upon correlation
coefficients (Thangamani and Jansirani, 2012). Path
coefficient analysis has an advantage over estimation of
simple correlation coefficients because it allows
partitioning of the correlation coefficients into its
components. These components are 1) the path
coefficient that measures the direct effect of a predictor
variable upon its response variable 2) the indirect effect(s)
of a predictor variable on the response variable through
other predictor variables (Dewey and Lu, 1959). Hence,
the present study was undertaken to estimate the
genotypic correlations and direct and to determine the
indirect effects of component characters on yield in bitter
gourd.
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Material and Methods
The experiment was conducted at Model Orchard,

College of Horticulture, Rajendranagar, Hyderabad
(A.P.), India during summer 2011 in a randomized block
design with three replications. The experimental material
consisted of 28 F2 generation derived from 8 × 8 diallel
mating (excluding reciprocals). The seeds were sown in
rows with spacing of 0.5 m between vines and 2.0 m
between rows. All the recommended package of practices
was followed to raise healthy crop. Data were recorded
on twenty vines in each population for fifteen characters
viz., vine length (m), number of laterals/vine, internodal
length (cm), days to 1st male flower appeared, days to 1st

female flower appeared, node number at which 1st male
flower appeared, node number at which 1st female flower
appeared, sex ratio (male to female), number of fruits/
vine, average fruit weight (g), fruit length (cm), fruit girth
(cm), pulp thickness (cm), number of seeds/fruit and yield/
vine (kg). Mean values were subjected to statistical
analysis and the analysis of variance was worked out to
test the significance f and t test according to the procedure
of RBD analysis of Panse and Sukhatme (1985). The
coefficient of phenotypic and genotypic variations was
calculated according to Burton and De Vane (1953).
Heritability and genetic advance were calculated
according to the formula of given by Johnson et al.
(1955). Genotypic and phenotypic correlation coefficients
were estimated as formulae given by Johnson et al.
(1955). Path coefficient analysis as applied by Dewey
and Lu (1959) was used to partition the genotypic
correlation into components of direct and indirect effects.

Results and Discussion
The results from Table 1 showed that the values of

phenotypic coefficient of variation (PCV) were higher
than the corresponding values of genotypic coefficient
of variation (GCV) but the differences were narrow
indicating low environmental influence in the expression
of these characters. These results were in consonance
with those of other workers Mangal et al. (1981).
Comparatively wide differences between estimates of
PCV and GCV for sex ratio and number of seeds/fruit
indicated greater environmental effect on the expression
of these traits. Genotypic coefficient of variation was
high for yield/vine (23.14) while low for days to 1st male
flower appeared (4.12) followed by days to 1st female
flower appeared (4.30) and sex ratio (4.50).

Heritability in narrow sense showed moderately high
values (above 50%) for vine length, days to 1st male
flower, days to 1st female flower, node number at which
1st male and female flower appeared, sex ratio, number

of fruits/vine, fruit length and fruit girth, indicating that
the major part of phenotypic variability was of additive
nature, hence, selection would be effective for
improvement of these characters in bitter gourd. Low
heritability estimate (below 50%) for number of laterals/
vine, internodal length, average fruit weight, pulp
thickness, number of seeds/fruit and yield/vine indicated
that these characters were prone to environmental
fluctuation and need to be tested under diverse
environments for effective selection.

High heritability does not guarantee large gain from
selection unless sufficient genetic advance attributable
to additive gene action is present (Srivastava and Jain,
1994). High heritability value along with high value of
genetic advance as per cent of mean is most effective
condition for selection (Gandhi et al., 1964). In the present
study, the parallelism in the magnitude of the values of
heritability and genetic gain (per cent of mean) in respect
of number of fruits/vine, average fruit weight, fruit length
and yield/vine indicated that additive gene effects are
important in determining the characters. Hence, there is
an ample scope for selection for these traits. Similar results
were reported by Srivastava and Srivastava (1976) in
bitter gourd; Singh et al. (1996) in bottle gourd; Kumar
et al. (2008) for fruit length and average fruit weight in
cucumber.

High heritability accompanied with moderate genetic
advance as per cent of mean for vine length, number of
laterals/vine, node number at which 1st male and female
flower appeared, and pulp thickness indicated major role
of additive gene action hence, selection may be effective
for these characters. Among the characters, days to 1st

male and female flower appeared and fruit girth recorded
high value of heritability accompanied with low genetic
advance as per cent of mean indicated the presence of
non-additive gene action in inheritance of these traits.
These results are consonance with the findings of Sureja
et al. (2010) for days to 1st male and female flower in
ash gourd.  The high heritability is being exhibited due to
favourable influence of environment rather than genotype
hence, selection for these traits may not be rewarding
(Singh and Narayanan, 1993).

Medium value of heritability coupled with moderate
value of genetic advance as per cent of mean was noticed
for number of laterals/vine and internodal length. These
results suggesting that equal contribution of additive and
non-additive gene action and thus selection as well as
heterosis breeding would be effective. Sex ratio recorded
medium value of heritability along with low value of
genetic advance as per cent of mean indicated the
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inheritance of this trait is mostly by non-additive gene
action. Hence, simple selection would be ineffective to
improve this trait. Low heritability accompanied with low
genetic advance was recorded for number of seeds/fruit
suggested this trait is highly influenced by non-additive
gene action thus, limits the chances of improvement of
this trait through direct selection. Hence, heterosis
breeding would be rewarding.

From the correlation studies (table 2), it is evident
that the genotypic values were higher than the phenotypic
values. Similar results were reported by Dey et al. (2005).
This could be interpreted on the basis that there was
strong inherent genotypic relation between the characters
studied, but the phenotypic expression was impeded by
the influence of environmental factors.

Yield had the highest positive and significant
correlation with fruit length followed by number of fruits/
vine, vine length, number of laterals/vine and average
fruit weight. These results are in comparison with the
findings of Srivastava and Srivastava (1976) and Ram et
al. (2006). Hence, direct selection would be effective
for these traits to improve the yield.  These traits probably
increase the number of leaves and hence the
photosynthetic efficiency (Ramachandran and
Gopalakrishnan, 1979). Arnan (1976) reported that an
increase in photosynthetic efficiency increases the dry
matter and finally the economic yield.

Yield had significant negative correlation with days
to 1st male and female flower appeared, node number at
which 1st male and female flower appeared and sex ratio

(Bhave et al., 2003). Further, Dey et al. (2005) in bitter
gourd and Joshi et al. (1991) in cucumber observed similar
results and stated that the number of nodes to the first
female flower is reasonably a good measure of earliness.

The direct and indirect effects of all the characters
on yield/vine estimated at both phenotypic and genotypic
levels (table 3) revealed that number of fruits exhibited
maximum positive direct effect towards yield/vine
followed by average fruit weight and fruit length, which
also exhibited significant high positive correlation
coefficients with yield/vine. The direct selection for these
characters would be beneficial for crop improvement.
The characters like node number at which 1st female
flower appeared, sex ratio and number of seeds/fruit
showed direct negative effect on yield/vine at both
genotypic and phenotypic levels while days to 1st male
and female flower appeared and node at which 1st male
flower appeared had direct negative effect at genotypic
level only. Similar results were reported earlier by Dey
et al. (2005). Hence, effective selection can be done for
lower node number of 1st female flower and sex ratio
(male: female) to increase yield/vine.

The characters viz., vine length, number of laterals/
vine, internodal length, number of fruits/vine, average fruit
weight, fruit length, fruit girth and pulp thickness which
showed positive correlation with yield/vine also exhibited
direct positive effects on yield/vine except pulp thickness.
The positive correlation between pulp thickness and yield
might be due to indirect positive effect on yield through
number of fruits/vine and average fruit weight.  Similar
results are reported by Dey et al. (2005) for fruit weight

Table 1 : Genetic parameters for yield and yield attributing characters of bitter gourd in F2 progenies.

S. no. Characters GCV (%) PCV (%) Heritability % Genetic Genetic advance
(narrow Sense) advance as % of Mean

1. Vine length (m) 7.70 8.70 60.20 0.39 17.98
2. No. of laterals/vine 8.13 9.13 42.86 1.10 19.10
3. Internodal length (cm) 7.59 9.50 25.79 0.95 16.02
4. Days to 1st male flower 4.12 5.03 76.57 3.76 8.89
5. Days to 1st female flower 4.30 4.95 82.13 5.11 9.84
6. Node No. at 1st male flower 7.08 9.45 73.85 1.20 14.01
7. Node No. at 1st female flower 7.29 9.05 59.54 2.33 15.52
8. Sex ratio 4.50 8.31 55.08 0.54 6.45
9. Number of fruits/vine 16.06 16.61 53.16 7.99 41.02
10. Average fruit weight (g) 10.29 11.08 38.54 16.75 25.21
11. Fruit length (cm) 8.49 9.34 53.14 3.12 20.38
12. Fruit girth (cm) 4.67 5.91 88.30 1.18 9.73
13. Pulp thickness (cm) 5.20 5.60 37.80 0.44 12.74
14. Number of seeds/fruit 5.26 8.63 19.26 1.66 8.47
15. Yield/vine (kg) 23.14 23.59 44.30 0.78 59.94
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in bitter gourd.
In the present investigation, regarding path coefficient

analysis, most of the characters indirectly influenced the
yield through number of fruits/vine, average fruit weight
and fruit length towards the favourable direction which
had positive direct effect on yield/vine, suggesting that
preference should be given on these parameters in a
selection programme. The residual phenotypic and
genotypic effects were 0.0674 and 0.0540, respectively.

The results in the present study showed the possibility
of improving bitter gourd by selection for number of fruits/
vine, fruit weight and yield/vine. Based on high heritability
in narrow sense and high genetic advance shown by these
characters, it could conclude that the determinant genetic
effects of the phenotypic expression of these characters
are fundamentally of the additive type. For this reason, a
high response should be achievable after several selection
cycles. Based on correlation and path coefficient analysis
results it can be concluded that besides more number of
fruits/vine the ideal plant type in bitter gourd should have
high average fruit weight, longer fruit length, longer vine
length, more laterals, more fruit girth, less days required
to 1st female flower, lower nodes to 1st female flower
and low sex ratio for getting higher yields as well as
earliness.
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