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Abstract: Fifty genotypes of spine gouwrd (Momordica diocica Roxb.) were evaluated in a randomized block
design with two replications at the Vegetable Research Station, Rajendranagar, Hyderabad, Andhra Pradesh,
India during kharif, 2012. Correlation and path coefficient analysis were carried out to study the character
association and contribution, respectively for twelve quantitative characters namely vine length (m), number
of stems per plant, days to first female flower appearance, first female flowering node, days to first fiuit harvest,
days to last fruit harvest, fruiting period (days), fiuit length (cm), fruit width (ecm), fruit weight (g), number of
fruits per plant and fruit yield per plant (kg) for identification of the potential selection indices. Correlation and
path coefficient analyses revealed that fiuiting period and number of fiuits per plant not only had positively
significant correlation with fruit vield but also had positively high direct effect on it and are regarded as the
main determinants of fruit yield. Days to first fruit harvest had positively moderate direct effect on fruit vield
and its association was negatively significant, days to last fiuit harvest had negatively high direct effect on fruit
vield and its association was significant positively, hence restricted simultaneous selection can be made for
days to first fruit harvest and days to last fruit harvest. The improvement in fruit yield can be effective if
selection is based on days to first fruit harvest, days to last fruit harvest, fiuiting period and number of fruits

per plant.
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INTRODUCTION

Spine gourd also known as teasle gourd, agakara,
adavi kakara, boda kakara and bonta kakara, is an
underutilized and underexploited rhizomatous, perennial,
dicecious, cucwrbitaceous fruit vegetable. Tt is originated
in Indo-Malayan region (Rashid, 1976). Tt has been
cultivated in India, Bangladesh and neighboring countries
for a long time. Tt has prominent position among the
cucurbitaceous vegetables owing to its good nutritional
and medicinal value, high keeping quality, ability to
withstand long distance transportation, high market price
and good export potential (Rasul, 2003). Although
considered as underutilized and minor cucurbitaceous
vegetable, it is widely cultivated in Odissa, Maharashtra,
Bihar and West Bengal and is slowly gaining popularity
as a commercial vegetable crop because of its rich taste
and high nutritional value. Tt contains high amount of
carotene (Gopalan et al., 1982) and is cheap sowrce of
vitaming and minerals (Bhuiya et al., 1977). Tt possesses

several medicinal and curative properties like decoction of
leaves reduces fever, tuberous roots help in relieving
headache, sweating, stone formation, migramne, while fruit
1s quite helpful in controlling diabetes and blood pressure.
Tts commercial cultivation is meager due to non-
availability of improved wvarieties, difficulties in
propagation by seed due to dormancy, low multiplication
rate of tubers, dormancy of tubers and unpredictable sex
ratio in seedling progeny (Ali et al., 1991).

Yield is a complex character as it is under polygenic
control and is more responsive to varying environmental
conditions. An efficiency of selection in breeding program
mainly depends on the knowledge of the role of
environment and degree of association of the component
characters. Correlation coefficient analysis is useful in
developing an effective basis of phenotypic selection in
plant population. Study of character association has
considerable use in plant breeding because selection for
one character may bring about simultaneous effect on
other, depending on the intensity of association between
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the two traits under consideration. Larmer (1958) stressed
the importance of correlation of the various characters
with yield. The phenotypic correlation indicates the extent
of the observed relationship between characters, whle
genotypic correlation provides an estimate of inherent
association between genes controlling any two
characters. Although the correlation coefficient analysis
15 useful n determining the relative mfluence of the
various characters on yield, it does not provide an exact
picture of the relative importance of direct and indirect
mfluences of each of the characters towards the yield.
Path coefficient analysis developed by Wrght (1921)
proves helpful in partitioning the correlation coefficient
into direct and indirect effects. It is basically a
standardized partial regression analysis and deals with a
closed system of variables that are linearly related. Such
information provides realistic basis for allocation of
appropriate weightage to various yield components.
Several researchers have studied the correlation and
path coefficient analysis in spme gourd and other
Momordica species to measure the association between
vield and its components; direct and indirect effects of
component characters on yield Highly sigmficant
assoclations of fruit yield were observed with vine length
in spine gourd (Bharathi et al., 2005) and bitter gourd
(Bhave et al., 2003; Sundaram, 2010), number of stems per
plant in teasle gourd (Naik and Akhtar, 2012), days to first
female flower appearance in spine gourd (Bharathi et al.,
2005; Singh et al., 2009), bitter gourd (Sundaram, 2010),
sweet gowd (Sanwal et al, 2007) and teasle gourd
(Rahman et al., 2011), first female flowering node m spine
gourd (Bharathi et al., 2005), bitter gourd (Dey et al., 2005;
Sundaram, 2010) and teasle gowrd (Rahman et al., 2011),
days to first fruit harvest m spine gourd (Singh et al,
2009) and bitter gourd (Dey et al., 2005); fruiting period in
bitter gourd (Bhave et af., 2003), fruit length, fruit width
and fruit weight in spine gourd (Bharathi ez al., 2005;
Singh et al, 2009), bitter gourd (Dey et al., 2003),
sweet gouwrd (Sanwal et al, 2007) and teasle gourd
(Rahman et af, 2011) and number of fruits per plant in
spine gourd (Bharathi et al, 2005; Singh et al., 2009),
bitter gowrd (Dey et al., 2005), sweet gourd (Sanwal et al.,
2007) and teasle gourd (Rahman et af., 2011; Naik and
Alkhtar, 2012). Fruit vield has been reported to be
influenced by moderate to high direct effects of vine
length in bitter gourd (Tslam et al., 2009) and teasle gourd
(Naik and Akhtar, 2012), days to first female flower
appearance in spine gourd (Bharathn et af., 2005) and
bitter gourd (Dey et al., 2005; Sundaram, 2010), first female
flowering node in spine gowrd (Bharathi et al., 2005) and
bitter gourd (Dey et al., 2005; Sundaram, 2010), days to
first frut harvest in bitter gourd (Dey et al, 2005), fruit
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length in spine gourd (Bharathi et al., 2005), bitter gowrd
(Dey et al., 2005; Tslam et al, 2009) and teasle gourd
(Rahman et al, 2011), fruit width mn spine gourd
{(Bharathi et al., 2005), bitter gourd (Sundaram, 2010) and
sweet gourd (Sanwal et al., 2007); fruit weight in spine
gourd (Singh et al., 2009), bitter gourd (Dey et al., 2005),
sweet gowrd (Sanwal ef @f, 2007) and teasle gourd
(Rahman et al., 2011; Naik and Akhtar, 2012) and number
of fruits per plant in spine gourd (Bharathi et «l., 2005,
Singh et al., 2009), bitter gowd (Dey et al., 2005),
sweet gowrd (Sanwal ef @f, 2007) and teasle gourd
(Rahman et al., 2011; Naik and Akhtar, 2012). Days to first
female flower appearance, fruit weight and number of
fruits per plant were identified as important selection
indices for the yield improvement in Momordica spp.

In this study, an attempt was made to study the
interrelationships among important characters and their
direct and indirect effects on fruit yield in spine gourd
germplasm by adopting correlation and path coefficient
analysis.

MATERIALS AND METHODS

A set of 50 female accessions of spine gourd
(Momordica dicica Roxb.) collected and maintained by
the Vegetable Research Station, Rajendranagar in
collaboration with the Naticnal Bureau of Plant Genetic
Resources (NBPGR) Regional Station, Rajendranagar,
were evaluated in a randomized block design with
2 replications on trellis system during kharif, 2012, Each
genotype was raised in a single-row plot of 3.0 m length
and 2.5 m width. A row-to-row spacing of 2.5 m and a
plant-to-plant spacing of 1.0 m was adopted. A plant
population of 3 plants per row, plot and genotype was
maintained. Recommended cultural practices were
followed. Observations were recorded on 3 plants in each
genotype and in each replication for vine length (m),
number of stems per plant, days to first female flower
appearance, first female flowering node, days to first frut
harvest, days to last fruit harvest, fruiting period (days),
fruit length (cm), fruit width (cm), fruit weight (g), number
of fruits per plant and fiuit yield per plant (kg). Correlation
coefficient and path coefficient analysis were computed
by following the standard statistical procedure (Panse and
Sukhatme, 1967; Dewey and Lu, 1959).

RESULTS

Correlation coefficient analysis: From the perusal of the
estimates of phenotypic and genotypic coefficients of
variation (Table 1), n general, it was observed that

estimates of genotypic correlation coefficients were
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higher than the phenotypic correlation coefficients for
most of the characters, indicating a strong inherent
association of the characters under study with a
probable influence of environment on the expression.
Phenotypic and genotypic correlation coefficient analysis
revealed that the fruit yield was positively and
significantly correlated with the vine length, number of
stems per plant, days to last fruit harvest, fruiting period,
fruit length, fruit width, fruit weight and number of
fruits per plant. Significantly negative correlation was
observed between days to first fruit harvest and fruit yield
per plant.

At both phenotypic and genotypic levels, vine
length had significantly positive correlation with number
of stems per plant, days to last fruit harvest, fruiting
period, fruit length, frut width, frut weight and number of
fruits per plant and had significantly negative correlation
with days to first female flower appearance and days to
first fruit harvest. Number of stems per plant had
significantly positive correlation with vine length, days to
last fiuit harvest, fruiting period, fruit length, fruit width,
fruit weight and number of fruits per plant and had
significantly negative correlation with days to first female
flower appearance and days to first fruit harvest at both
phenotypic and genotypic levels.

Days flower appearance had
significantly positive correlation with days to first fruat
harvest and had significantly negative correlation with
vine length, number of stems per plant, fruiting period,
fruit length, fruit width, fiuit weight and number of fruits
per plant at both phenotypic and genotypic levels. First
female flowermg mnode had positively significant
correlation with fruit weight at genotypic level only.

Days to first fruit harvest had sigmficantly positive
correlation with days to first female flower appearance and
had significantly negative correlation with vine length,
mumber of stems per plant, fruiting period, fruit length,
fruit width, fruit weight and number of fiuits per plant at
both phenotypic and genotypic levels. Days to last fruit
harvest had significantly positive correlation with vine
length, number of stems per plant, fruiting period, fruit
length, fruit width, fruit weight and number of fruits per
plant at both phenotypic and genotypic levels. Fruiting
period had sigmficantly positive correlation with vine
length, number of stems per plant, days to last fruit
harvest, fruit length, fruit width, fiuit weight and number
of fruits per plant and had significantly negative
correlation with days to first female flower appearance and
days to first fruit harvest at both phenotypic and
genotypic levels.

Fruit length had sigmficantly positive correlation
with vine length, number of stems per plant, days to last

to first female
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fruit harvest, fruiting period, fruit width, fiuit weight and
number of fruits per plant and had significantly negative
correlation with days to first female flower appearance and
days to first fruit harvest at both phenotypic and
genotypic levels. At both phenotypic and genotypic
levels, fruit width had significantly positive correlation
with vine length, number of stems per plant, days to last
fruit harvest, fruiting period, fruit length, fruit weight and
number of fruits per plant and had significantly negative
correlation with days to first female flower appearance,
while at genotypic level, it had significantly negative
correlation with days to first fruit harvest. Fruit weight
had significantly positive correlation with vine length,
number of stems per plant, days to last fruit harvest,
frutting period, fruit length, fruit width and number of
fruits per plant and had significantly negative correlation
with days to first female flower appearance and days to
first fruit harvest at both phenotypic and genotypic
levels. At genotypic level, fruit weight had sigmificantly
positive correlation with first female flowering node.
Number of fiuits per plant had significantly positive
correlation with vine length, number of stems per plant,
days to last frut harvest, fruiting period, fruit length, frut
width, fruit weight and had significantly negative
correlation with days to first female flower appearance and
days to first fruit harvest at both phenotypic and
genotypic levels.

Path coefficient analysis: The estimates of direct and
indirect effects of the eleven fruit yield related characters
on fruit yield are presented in the Table 2.

Direct effects: At phenotypic level, vine length, number
of stems per plant, days to first female flower appearance,
first female flowering node, days to last fruit harvest, fruit
length and fruit weight had positively negligible direct
effect, while days to first fiuit harvest and fiuit width had
negatively negligible direct effect on fruit yield. Fruiting
period had negatively low direct effect on fruit yield.
Number of fruits per plant had positively high direct effect
on fiuit yield.

At genotypic level, vine length, number of stems per
plant, days to first female flower appearance, fruit weight
had positively negligible direct effect, whule first female
flowering node had negatively negligible direct effect on
fruit yield. Fruit length and fruit width had positively low
and negatively low direct effect on fruit yield,
respectively. Days to first fruit harvest had positively
moderate direct effect on fiuit yield. Fruiting period and
number of fiuits per plant had positively high direct effect
on fruit yield. Days to last fruit harvest had negatively
high direct effect on fruit yield.
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Indirect effects: At phenotypic level, vine length, number
of stems per plant, days to first female flower appearance,
first female flowering node, days to first fruat harvest,
days to last fruit harvest, frutting period, fruit length, fruit
width, fruit weight had negligible indirect effects
through other component characters on fruit yield.
Number of fruits per plant had negatively low indirect
effect through days to first female flower appearance, first
female flowering node, positively moderate indirect effect
through fruit width, positively high indirect effect through
vine length, number of stems per plant, days to last fruit
harvest, fruiting period, fruit length and fruit weight, winle
negatively high indirect effect through days to first fruit
harvest.

At genotypic level, vine length, number of stems per
plant, days to first female flower appearance, first female
flowering node had negligible indirect effects through
other component characters on fruit yield. Days to first
fruit harvest had positively low indirect effect on yield
through days to first female flower appearance and
negatively low indirect effect through number of stems
per plant, fruiting period, fruit length and number of fiuits
per plant. Days to last fruit harvest had negatively low
indirect effect through vine length, number of stems per
plant, fruit width and fruit weight and had negatively
moderate indirect effect through number of fruits per
plant, high negative indirect effect through frinting period
and fruit length. Fruiting period had positively low
indirect effect through vine length, fruit width and fruit
weight, negatively low indirect effect on fruit yield
through days to first female flower appearance and
positively moderate indirect effect through number of
stems per plant, days to last fruit harvest, fruit length,
number of fruts per plant while it had negatively moderate
indirect effect through days to first fruit harvest. Fruit
length had positively low indirect effect on fruit yield
through vine length, number of stems, days to last fruit
harvest, fruiting period, fruit width, fruit weight and
number of fruts per plant. Number of fruits per plant had
negatively low mndirect effect on fruit yield through first
female flowering node, negatively moderate indirect effect
through days to first female flower appearance and
positively lngh mdirect effect through vine length,
number of stems per plant, days to last fruit harvest,
fruiting period, fruit length, fruit width and fiuit weight
while it had negatively high indirect effect through days
to first fruit harvest.

The magnitude and direction of direct effect of
mumber of fruits per plant is almost equivalent to the
correlation coefficient with fruit yield at both phenotypic
and genotypic levels. Fruiting period had high positive
direct effect on fruit yield and was sigmificantly and
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positively correlated with it. The direct effect of vine
length, number of stems per plant, fruit length, fruit width
and fruit weight on fruit yield was negative or negligible
but their correlation with fruit yield was significantly
positive. The direct effect of days to first fiuit harvest
with fruit yield per plant was positive and high but its
correlation coefficient was significantly negative. The
direct effect of days to last fruit harvest was negatively
high but its correlation with fruit yvield was significantly
positive.

Residual effects: The residual factor determines how best
the casual factors account for the variability of the
dependent factor, the firuit yield per plant in this case. The
residual effects were 0.2028 and 0.0669, which were of
moderate and negligible magnitude at phenotypic and
genotypic levels, respectively.

DISCUSSION

In general, genotypic correlation coefficients were
higher than the phenotypic correlation coefficients for
most of the characters under study. Similar results were
also reported in spine gourd (Bharathi et aof., 2005,
Singh et al., 2009) and teasle gourd (Rahman et al., 2011).
This indicates a strong inherent association of the
characters under study with a probable mnfluence of
env rormment on the expression. Vine length had positively
significant correlation with the fruit yield. Higher the vine
length higher will be the number of nodes per vine
resulting in high yield since fruits are borne on nodes.
The positive association of fruit yield with vine length
was also reported in bitter gourd (Bhave et al., 2003;
Sundaram, 201 0). Number of stems per plant had positive
association with yield as it increases the fruit bearing area
per plant Days to first fruit harvest had negatively
significant association with fruit yield suggesting that
early harvest is an indication of higher vield; similar result
was also reported n bitter gowrd (Dey et al., 2005). Days
to last fruit harvest had positively significant correlation
with fruit yield as it increases the fruiting period which in
turn increases the fruit yield. Fruiting period had positive
association with fruit yield indicating that extended period
of harvest increases the yield This finding 13 in
consonance with Bhave et al. (2003) in bitter gourd. Fruit
length and fruit width had positively significant
association with the fruit yield. Similar finding were also
reported mn spine gourd (Bharathi et af., 2005; Simgh et of .,
2009), bitter gourd (Bhave et al., 2003; Dey et al, 2005),
sweet gowrd (Sanwal et al, 2007) and teasle gourd
(Rahman et al., 2011). Increase in fruit length and frut
width resulted in increase m fruit weight which ultimately
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increased the firuit yield. Fruit weight and number of fruits
per plant also had positively significant association with
fruat yield. Similar results were reported in spine gourd
(Bharathi et al., 2005; Singh et af, 2009), bitter gourd
(Bhave et al., 2003; Dey et al., 2005, sweet gourd
(Sanwal et al., 2007) and teasle gourd (Rahman et al.,
2011; Naik and Akhtar, 2012).

Path coefficient analysis revealed that vine length,
mumber of stems per plant, days to first female flower
appearance, first female flowering node and fruit weight
had negligible direct effect on fruit yield. Similar effect of
vine length on fruit yield was reported in bitter gourd
(Bhave et al, 2003), days to first female flower
appearance in spine gourd (Singh et al., 2009), bitter
gourd (Bhave et al., 2003), sweet gourd (Sanwal ef al.,
2007y and teasle gowrd (Rahman et af., 2011), fruit weight
in spine gourd (Bharathi et al., 2005) and bitter gourd
(Sundaram, 2010). Fruit length and fruit width had low
direct effect on fruit yield. Low direct effect of fruit length
was also reported by Sanwal et al. (2007) in sweet gourd.
Days to first fruit harvest had positively moderate direct
effect on fruit yield, similar to the reports of Singh et al.
(2009) in spine gourd. Days to last fruit harvest had
negatively hugh direct effect on fruit yield. Frting period
and number of fruits per plant had positively high direct
effect on fiuit yield indicating that these traits influenced
vield m spine gourd. Positively ligh direct effect of
number of fruits per plant was also reported in spine
gourd (Bharathi et al., 2005; Singh et al., 2009) bitter
gowrd (Dey et al., 2005), sweet gourd (Sanwal et al., 2007)
and teasle gourd (Rahman et @l., 2011; Naik and Akhtar,
2012).

The direct effect of number of fruits per plant at
phenotypic (0.941) and genotypic (0.983) level was almost
equal to its correlation coefficient at phenotypic (0.969™)
and genotypic (0.9927 level suggesting that correlation
coefficient explains the true relationship and a direct
selection through this trait will be effective. Correlation
between fruiting period and fruit yield was significantly
positive and the direct effect was positively high. Hence,
fruiting period can be considered as an effective trait for
direct selection. The characters vine length, number of
stems per plant, frt length, frut width and fruit weight
had negative or neglgible direct effect but had
significantly positive correlation with fiuit yield per plant,
the indirect effects seem to be the cause of correlation. In
such situations, the indirect causal factors are to be
considered simultaneously.

The direct effect of days to first fiuit harvest with
fruit yield per plant is positive and high but its correlation
coefficient 1s significantly negative. The days to last fruit
harvest had high negative direct effect on fruit yield but
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its correlation was significantly positive. Under these
circumstances, a restricted simultaneous selection model
15 to be followed, 1.e. restrictions are to be imposed to
nullify the undesirable indirect effects. The residual factor
determines how best the casual factors account for the
variability of the dependent factor, the fruit yield per plant
1n this case. The variables studied explain about 79.72 and
93.31% of the vanability at phenotypic and genotypic
levels, respectively in the fiuit yield per plant. Tt indicates
that some characters which have not been studied here
need to be mcluded n this analysis to account fully for
the variation n fruit yield per plant.

CONCLUSION

In conclusion, the correlation coefficient analysis
revealed that frut yield had sigmficantly positive
genotypic correlation with vine length, number of stems
per plant, days to last fiuit harvest, fiuiting period, fruit
length, fruit width, frt weight and number of fruits per
plant and had significantly negative correlation with days
to first fruit harvest. Path analysis revealed that days to
first fruit harvest, days to last fruit harvest, fruiting period
and number of fruits per plant had strong influence on
fruit yield and are main determiners of fiuit yield per plant.
Therefore improvement in yield can be achieved by
selecting the genotypes which fruit early with extended
period of harvest, producing more number of fruits per
plant.
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