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INTRODUCTION

Sponge gourd (Luffa cylindrica (M.) Roem) belonging to family
cucurbitacae, also known as towel gourd, smooth luffah,
vegetable sponge, dish cloth gourd is a popular low cost
vegetable both as spring-summer and rainy season crop in
the tropical and subtropical region. It is cultivated both on
commercial scale and in kitchen gardens throughout India. It
is an annual, monoecious climber and is mostly cultivated in
South and South East Asia. Besides being a vegetable, the
mature, dry fruit consist of a hard shell surrounding a stiff,
dense network of cellulose fibre (sponge) which is a good
source of fiber used in industries for filler and cleaning the
motor car, glass wares (Obah and Aluyor, 2009).

It is an important component of crop rotation during pre-kharif
and kharif seasons in North India. Being monoecious and
essentially cross-pollinated, it provides ample scope for
successful exploitation of hybrid vigour. The edible fresh and
tender fruit contains 94 percent moisture and large number of
chemical components including 16Cal per 100g with 9.5g
carbohydrates, 2g of protein, 0.25g of fat, 10μg of vitamin A,
12.5mg of vitamin C besides minerals like sodium, calcium,
potassium  and  phosphorus  (2.5g,  30g,  375g  and  62.5mg),
respectively.

The knowledge of pattern of inheritance of various characters
are important consideration while determining the most
approximate breeding procedure applicable to any particular
crop. Genetic diversity is one of the important tools to quantify
genetic variability in both cross and self-pollinated crops and
also important for crop improvement as well as variety
development programme (Kundu, et al., 2012). It has become
possible to quantify the breeding programme with the

development of advanced method multivariate analysis (Rao,
1952) based on Mahalanobis’s (1936) D2 statistics. This
analysis helps in assessing genetic divergence among the
parents and the relative contribution of different characters to
the total divergence. It is also useful in assigning genotypes to
specific heterotic groups to creat e segregating progenies with
maximum genetic variability for further breeding purposes.
The analysis has been successfully used in measuring the
diversity in several cucurbitaceous crops (Kundu, et al., 2012,
Masud, et al., 2001, Badade, et al., 2001, Rashed, et al., 2002).
Therefore, keeping the above facts in view, the present study
was under taken with an objective to examine the magnitude
of genetic diversity and traits contributing towards genetic
divergence among 15 genotypes of sponge gourd for further
utilization in breeding programme.

MATERIALS AND METHODS

The present experiment was laid out in the research field of
KVK, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur
during Kharif, 2015-2016 in Randomized Complete Block
Design (RCBD) using 15 genotypes of sponge gourd including
check viz., SG101, SG102, SG104, VRSG8, Vasudha 175,
VRSG140, VRSG2/14, KASHI DIVYA, VRSG68-1, SG103, Priya,
VRSG2/13, VRSG182, VIDHYA172 and NS441 were used in
this experiment.  In order to get good tilth of the soil for sowing,
one cross cultivation was done by tractor drawn cultivator
followed by two harrowing, one ploughing and plastic mulch
was applied before sowing of seed. In the beginning of the
experiment, seeds were dibbled on 26th August, 2015 in a
plot of 11.20× 1.00 m2 with row to row distance of 1.5 m and
vine to vine distance 80 cm. The crop was sprayed with
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Imidacholoroprid 17.8% SL and Trizophas 40 EC alternatively
to keep the crop free from pest during crop growth period. A
dose of 60kg N, 40kg P205 and 30kg K20/ha along with 20
tonnes FYM/ha with 1/3rd nitrogen and entire quantity of P, K
and FYM was applied prior to sowing. Remaining dose of
nitrogen was applied in two splits at 30 and 60 days after
sowing. Observations were recorded on fourteen yield and
yield attributing traits on five vines randomly selected from
each genotype 15 days after sowing to harvest time. Mean
across three replications were calculated for each trait and the
analysis of variation was carried out. The statistical data were
analysed using WINDOSTAT version 9.1 software for
computation of assessment of genetic divergence using
Mahalanobis’s D2 analysis (Mahalanobis, 1936) among the
fifteen genotypes of sponge gourd and Tocher’s method for
construction of clusters (Rao, 1952).

RESULTS AND DISCUSSION

By application of non-hierarchical clustering using covariance
matrix, 15 genotypes of sponge gourd were grouped into five
clusters (Table 1 and Fig. 1). The cluster I was the largest group
containing ten genotypes followed by cluster III which had 2
genotypes and  rest of the clusters viz., cluster II, IV and V were
monotypic. The genotypes which fall in different clusters were

from different geographical regions. The genotypes in all the
clusters were a mixture of IIVR, Varanasi and private company
UPL, Limited. This indicates that the geographic distribution
and genetic divergence did not follow the same trend. Gaffar,
et al., 2015, Naik and Prasad, 2015, Kumar, et al., 2013
reported the non-correspondence of genetic geographic
diversity. Clustering pattern was random and independent.

To compute the inter-cluster Mahalanobis’s D2 values
canonical variate analysis was used. The inter-cluster distances
were higher than the intra-cluster distances suggesting wider
genetic diversity among the genotypes of different groups. By
using these inter-genotypic distances intra-cluster genotypic
distances were calculated (Table 2 and Fig. 2). Cluster I (165.09)
which is composed of ten genotypes showed  the  maximum
intra  cluster  distances  and  clusters II, IV and V  showed  the
lowest  intra-cluster distance (0.000) which were composed
of one genotype  each. Results also indicated that the highest
inter cluster distance was observed between cluster III and IV
followed by cluster V and III, cluster I and V, cluster IV and V
and clusters IV and II which were highly diverse and so they
would be more stable. These results are in general agreement
with the findings of Islam (2004), Singh, et al. (2007),
Bharadwaj, et al. (2013), Gaffar, et al., 2015 and Visen, et al.,
2015.

Table 1: Distribution of 15 sponge gourd genotypes in different clusters

Cluster No. of genotypes involved in cluster

I 10 (SG101, SG102, SG104, VRSG8, Vasudha 175, VRSG140, VRSG2/14, KASHI DIVYA, VRSG68-1, SG103)
II Priya
III VRSG2/13, VRSG182
IV VIDHYA172
V NS441

Table 2: Intra and inter-cluster distances of 15 sponge gourd genotype

Cluster I II III IV V

I 165.09 374.94 367.70 465.79 565.82
II 0.00 393.90 480.17 252.25
III 135.86 1088.40 796.29
IV 0.00 510.25
V 0.00

Table 3: Contribution percentage of different traits towards genetic divergence

S.No Character Times ranked 1st Contribution %

1 Vine length at 45 DAS 2 1.9%
2 Number of leaves per vine at 45 DAS 1 0.95%
3 Number of branches per vine at 45 DAS 6 5.71
4 Days to first appearance of male flower - -
5 Days to first appearance of female flower - -
6 Fruit length(cm) - -
7 Fruit girth (cm) 1 0.95
8 Fruits/ plant 1 0.95
9 Average fruit weight (g) 1 0.95
10 Fruit set percentage 5 4.76
11 No. of nodes at which first male flower appears 1 0.95
12 No. of nodes at which first female flower  appears 1 0.95
13 Fruit yield (kg/plant) 39 37.14
14 Fruit yield (kg/plot) 26 24.76
15 Fruit yield (kg/ha) - -
16 Days to first harvest after sowing 16 15.24
17 Days to first harvest after anthesis 6 5.71
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Table 4: Mean performance of five cluster in 15 sponge gourd genotypes

S.No Character Cluster mean
I II III IV V

1 Vine length at 45 DAS 334.34 325.88 352.73 335.11 323.87
2 Number of leaves per vine at 45 DAS 77.68 66.03 81.86 69.19 74.57
3 Number of branches per vine at 45 DAS 4.93 3.83 5.57 3.17 3.47
4 Days to first appearance of male flower 24.45 23.33 23.00 23.66 26.20
5 Days to first appearance of female flower 26.63 24.40 26.70 25.40 27.45
6 Fruit length(cm) 23.76 21.48 29.82 24.46 22.24
7 Fruit girth (cm) 2.75 2.41 2.38 3.11 2.29
8 Fruits/ plant 28.95 23.56 32.28 27.40 35.06
9 Average fruit weight (g) 91.69 111.18 117.93 100.00 84.78
10 Fruit set percentage 74.61 68.22 81.56 63.63 71.08
11 No. of nodes at which first male flower appears 1.63 3.11 1.32 4.21 1.35
12 No. of nodes at which first female flower appears 7.09 9.16 5.10 8.43 6.05
13 Fruit yield (kg/plant) 2.35 2.00 3.07 2.14 2.62
14 Fruit yield (kg/plot) 25.03 21.80 30.51 20.24 27.56
15 Fruit yield (kg/ha) 222.40 194.64 272.44 180.89 246.07
16 Days to first harvest after sowing 34.83 33.11 33.33 35.17 35.43
17 Days to first harvest after anthesis 8.41 7.13 8.28 8.13 9.37

The percentage of contribution towards genetic divergence
by all the characters is presented in Table 3. The trait fruit
yield/plant (37.14%) contributed maximum towards genetic
divergence by taking 39 times first rank followed by fruit yield/
plot (24.76%) by 26 times, days to first harvest after sowing
(15.24%) by 16 times and no. of branches/vine at 45DAS and
days to first harvest after anthesis (5.71%) by 6 times. Other
traits exhibited low or negligible contribution towards genetic
divergence. The results were in close agreement with findings
of Islam (2004) and Mladenovic, et al. (2012) who reported
that primary branches per plant, fruit length and weight, number
of fruits and yield per plant contributed the most of the total
genetic divergence. On the contrary, Visen, et al., 2015
reported that fruit yield per plot and days to fruit set contribute
lowest to divergence.

The cluster mean values of different characters are presented
in Table 4. Out of five clusters, the highest cluster mean values
were found in cluster III comprising of genotypes VRSG2/13
and VRSG182 for characters fruit yield/plant (3.07), fruit yield/
plot (30.51), fruit yield/ha (56.11), fruit set percentage (81.56),

fruit length (29.82), average fruit wt. (117.93), vine length at
45 DAS (352.73), no. of leaves/plant at 45DAS (81.86) and
no. of branches/vine at 45 DAS (11.67). Cluster V had highest
cluster mean for no. of fruits/vine (35.06). The lowest cluster
mean values for traits days to first male (23.00) and female
flower appearance (24.40), days to first harvest after sowing
(33.11) and days to first harvest after anthesis (7.13) were
found in cluster II which comprises of genotype Priya. The
genotypes from cluster III and II which have high cluster means
for the majority characters could be directly selected and
utilised on the basis of the observations recorded on a diverse
group of sponge gourd genotypes. They are also suggested to
be utilized as parents for hybridization programme to achieve
novel recombinants. Similar results have been reported by
Visen, et al., 2015 and contradicted by Naik and Prasad,
2015 in pumpkin, Khatun, et al., 2010 in snake gourd and
Singh, et al., 2013 in bitter gourd as they reported that none of
the clusters contained genotypes with all the desirable traits,
which could be directly selected and utilized. The characters
contributing maximum to the divergence were given greater

Figuren 2: Mahalnobis Euclidean Distance ( Not to the Scale)Figuren 1: Clustering by Tocher’s method
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emphasis for the purpose of future selection and choice of
parents for hybridization (Jagadev, et al., 1991).

Thus, geographic origin cannot be considered as sole criteria
for the selection of desirable donors for breeding programmes.
This absence of relationship between genetic diversity and
geographical distance indicates that factors other than
geographical origin, such as exchange of genetic stocks,
genetic drift, spontaneous variation, natural and artificial
selection are responsible for genetic diversity. Therefore,
selection of genotypes for hybridization should be based on
genetic diversity rather than geographic divergence. Similar
observations were recorded in bottlegourd (Gaffar, et al., 2015),
ridge gourd (Varalakshmi, et al., 1994, Vishen, et al., 2015),
bitter gourd (Wahab and Gopalakrishnan, 1993, Pandey, et
al., 2008 and Dey, et al., 2007) and cucumber (Rao, et al.,
2003). Selection of genetically divergent genotypes is an
important step for hybridization programme. Thus, crossing
between genotypes lying in between cluster III and IV followed
by cluster V and III, cluster I and V i.e. VRSG2/13, VRSG182,
VIDHYA172, NS441, SG101, SG102, SG104, Kashi Divya
may be desirable for getting superior hybrids/recombinants.
Similar results have been reported by and Wen Xing et al.
(1994) and Kundu, et al., 2012 as they reported that crossing
between highly diverged parents would exhibit high heterotic
hybrids. Further research on these selected genotypes will
save a lot of time, money and labour for the breeder in future.
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