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GENETIC DIVERSITY CORRELATION AND PATH ANALYSIS OF
SNAKE GOURD (Trichosanthes anguina L.)

By

Md. Khorshed Alam

ABSTRACT

The experiment was conducted on diversity and estimation of genetic parameter,
correlation and path analysis of 30 accessions of snake gourd at the experimental
farm of Regional Agricultural Research Station, Ishurdi, Pabna of Bangladesh
Agricultural Research Institute, during the period from April 2007 to September
2007. Significant variations were recorded among the snake gourd accessions in
respect of different parameters. The accession SNG23 showed the highest
performance weight of fruits per plant and yield of fruit. The highest genotypic and
phenotypic coefficients were recorded in yield (88.70% and 88.72% ) and second
highest was recorded from weight of fruits per plant (88.61% and 88.65%).
However, days to anthesis of first male flower (43.18% and 43.23% ), days to
anthesis of first female flower (26.49% and 26.75%), node number of first male
flower anthesis (31.08% and 31.43%), node number of first female flower anthesis
(24.43% and 24.77%), number of fruits per plant (73.37% and 73.55%), days 1o first
harvest (19.54% and 19.88%), days to last harvest (11.65% and 12.25%), average
fruit weight (51.33% and 51.36%) and 100 seed weight (23.25% and 23.35%)
recorded moderate GCV and PCV, Correlation coefficient indicated that fruit yield
per plant was highly significant and there was a positive association with days to
anthesis of first male flower, days to anthesis of first female flower, node number of
first male flower anthesis, number of fruits per plant, days to first harvest, days to
last harvest, weight of fruits per plant, average fruit weight and yield (Vha). In
respect of path analysis number of fruits per plant, weight of fruit per plant directly
contributed to the vield of snake gourd accessions. The accessions were also tested
for genetic divergence utilizing the multivariate analysis. The accessions were
grouped into four clusters.
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Chapter I

INTRODUCTION

Snake gourd ( Trichosanthes anguina L. ) is one of the most important and widely
used cucurbitaceous summer vegetables in Bangladesh . It belongs to the family
Cucurbitace (Chakrabarti, 1982), sub family Cucurbitoideae, tribe trichosanthae. The
members of this tribe are almost entirely confined to old world. Two genera,
Trichosanthes and Edgaria have been studied in detail cytologically( Tsuchiya and
Gupta, 1991). There are about 44 species under the genus Trichosanthes, primarily
originated in Indo-Malayan region. Snake gourd had probably originated in Indo-
Malaya region and distributed in South East Asia, extending through Malaya to North
Australia in one direction and China to Japan in another. Out of these species T

anguina and T. dioica are cultivated and others are wild,

It is a popular and relatively costly vegetable. In Bangladesh, snake gourd is grown
during summer and available in the market from March to October. From nutritional
point of view, snake gourd can be considered as nutrition rich vegetable. It contains
considerable amount of protein (0.5%), fat (0.3%), minerals (0.5%), fiber (0.5%) and
carbohydrates (3.3%) (Gopalan ef af,1982 ). Ripe fruits are rich in vitamin A, The
red pulp of the ripen fiuit is very rich in carotene (Vitamin A) which is cooked as
vegetable in many place of our country (Rashid, 1993). Present harvestable yield of
snake gourd is very low (4.24 t/ha) due to lack of high yielding variety. Other
countries like India and Thailand developed some high yielding OP and hybrid
varieties of snake gourd. India recommended the varieties H-8, H-371 and H-375 for
Madras, THR-16 for Banglore and TA for Tamilnadu (Chadha and Kallo, 1993).
Hybrid and mutant varieties having high vield potentiality was also developed in India
(Nataranjan ef al., 1984 and Datta, 1987). Recently Thailand has also developed one
high yielding hybrid variety.

In Bangladesh, vegetable production is not uniform round the year due to climate and
edaphic factors and most of the vegetables are produced in winter. So, there is a
scarcity of vegetables during summer or rainy season and only a small amount of

vegetables are produced during the months of April to October. Among these, snake



gourd contributes a significant portion of vegetable production during lean period of

vegetable supply in summer season of Bangladesh.

The yield of snake gourd is very low compared to the other countries like India (4.24
t/ha, BBS, 2005). Several factors are responsible for such a low yield of snake gourd
in Bangladesh, the most important one is the lack of high yielding varieties, However,
many cultivars of snake gourd with a lot of variability is found in Bangladesh.
Selection of a high yielding germplasm can, therefore, significantly increase the snake
gourd production in Bangladesh. There is no recognized variety of snake gourd in
Bangaladesh but there is a good range of variability in size, shape and color of fruits
available in Bangladesh (Rashid, 1993). Therefore, there is a scope of survey to
collect naturally occupying genetic variability which will ultimately help for yield
improvement of this crop. Snake gourd is monoecious and highly cross-pollinated in
nature. Such pollination mechanism can be exploited for the production of hybrid
variety. Moreover, there is a bright scope of development of OP variety utilizing the

existing variability.

The yield in snake gourd is a complex component character. In a breeding
programme for increasing vyield, quality, resistance to disease and pests in the
exploration of genetic variability in presence of available germplasms is pre-requisite.
Therefore, evaluation of germplasm under local conditions is very important.
Improvement in yield depends on the nature and extent of genetic variability and

genetic advance in the base population from which selection is made.

The knowledge of the interrelationships between vield and yield components is
necessary, determination of correlation among plant characteristics is a matter of
considerable importance in selection of correlated response. Correlation studies
between yield and other traits of the crop will be of interest to breeders in planning the
hybridization programme and evaluating the individual plants in segregating
populations, but it does not give an exact position of the relative importance of direct
and indirect effects of various traits on yield or any other attributes. Following
correlation analysis, the path coefficient analysis would provide a true picture of
genetic association among different traits (Bhatt, 1970). Path coefficient analysis is

useful for evaluating the relative contribution of each component traits both direct and



indirect to the yield. Path co-efficient analysis help specifying the cause and effect
and measuring their relative significance. So, correlations in combination with the
path co-efficient analysis quantify the direct and indirect contributions of one
characteristic upon another (Dewey and Lu, 1959). The phenotypic and genotypic
variations of the yield contributing characters are considerably high in snake gourd
(Nataranjan et al., 1984) which points to the possibility of developing a variety with
high yield. In a hybridization program, knowledge of the interrelationship among

yield and yield contributing characters are necessary.

In crop improvement program genetic diversity has been considered as an important
factor which is also pre-requisite for hybridization program to obtain high yielding
progenies. For planning and executing of genetic improvement program a clear
understanding of the magnitudes of genetic diversities for vield and its component
characteristics are important to plant breeders for both cross and self pollinated crops
(Griffing and Lindstorm, 1954). Selecting genetically diverse parents for a successful
hybridization programme, helps quantification of genetic diversity (Jain et al., 1975).
Considering the above facts, the present study has been under taken to fulfil the
following objectives:
i) To study the variability for yield and yield contributing characters of snake
gourd.
i1) To determine correlations among the economic parameters and their direct
and indirect effects on yield in snake gourd.
iii)  To help selecting a superior genotype among the variable population and

iv) To study the genetic divergence among the available accessions.



Chapter 11

REVIEW OF LITERATURE

Snake gourd (Trichosanthes anguina L.) is a member of the family Cucurbitaceae. It
15 an important summer vegetables in this country. Snake gourd is an annual
monoecious climbing type herbaceous crop. A few works have been done for the
improvement of this crop in Bangladesh and other countries in the world. However,
research efforts on the genetic diversity, correlation and path analysis of snake gourd
seem to be meager. However, information available in these aspects of snake gourd
and some other cucurbit crops have been reviewed and presented in this section. The
center of origin of snake gourd (1richosanthes anguina L.) is not precisely known bul
most of the authors agree that India or Indo-Malayan region is its original home
(Choudhury, 1967 ; Seshadri, 1986 and Roy ef al, 1991). The genus Trichosanthes
consists of 44 species; as many as 20-24 species are recognized by Clarke (1879) in
India. Chinese name of snake gourd is “manka™ means “cucumber of the southern
barbarians,” which indicated that India or the Indian Archipelago is the possible
centre of origin. At present snake gourd is also being cultivated in Mauritius and
central and East Java. The species are distributed in South-East Asia, extending
through Malaya to North Australia in one direction and China to Japan in another.
Snake gourd is highly cross-pollinated due to monoecy. Flowers are small, unisexual.
axillary, white; female flowers solitary, sessile; ovary long, narrow, densely hairy;
male inflorescence are long, slender densely pubescent stalks (10-20 ¢m long), 5 to
many flowered; (lowers in axils ol short bracts, pedicels long, filiform, densely
pubescent, 1.0-2.5¢m long; calyx companulate, 5 partite, densely pubescent; corolla 5
partite, ovate oblong, long fimbriate. Illowers occur in leaf axils in 3 different ways:
(1) male solitary, (2) male solitary and male inflorescence and (3) female solitary and
male inflorescence. Flowers bloom al early hours of night and anther dehiscence tends
to go together (Peter, 1998). Deshpande et al. (1980) reported that anthesis begins
between 17.15 hour and continued until 21.30 hour. Anther dehiscence occurs before
flower opening taking 1 hour for completion. Pollen grains remain viable for 10 hour
belore dehiscence and 46-49 hour afier dehiscence. Stigma remains receptive [rom 7

hour betore opening till 51 hour after opening.



2.1 Variability studies of snake gourd and other related crops

The assessment of variability present in the crop helps successful utilization of plant
characters in developing suitable varieties for yield and stability. In snake gourd.
Joseph (1978) recorded considerable variability among 25 lines for days to first male
flower anthesis (36-45 days) and days to first female flower anthesis (45-61). He also
observed in his study the female flowers of snake gourd initiated at 15 to 23 nodes.

Pathak and Singh (1950) found that female flowers of pointed gourd open within 8 to
12 days and male within 13 to 16 days [rom their bud appearance.

High genotypic and phenotypic variances for days to flowering were found in
bittergroud (Cruz and Villareal, 1970 and Pal ef al. 1983), in snake gourd (Deshpande
el al. 1980), in musk melon (Vijay, 1987).

High genotypic coefficient of variation and phenotypic coefficient of variation for
yield per plant were also observed in water melon (Chhonkar, 1977) and muskmelon

(Vijay, 1987).

Ramchandran ef al.(1981) carried out detailed studies in 25 diverse lines of bitter
gourd and observed significant variability among these genotypes.

Indiresh (1982) studied 24 lines of bitter gourd and observed high genotypic co-

cllicient of variations [or fresh weight of fruit , yield per plant and fruit length.

Arora et al. (1983) found female flower at the node 8.2 in sponge gourd. Saha er al.
(1986) reported that 5 to 9 nodes for male flower bearing and 15 to 27 nodes for

female Nower bearing among the pumpkin genotypes.

Vashistha et al. (1983) observed that low genotypic coefficient of variation and
phenotypic coelficient of variation for this character in water melon (0.44 and 1.13),
musk melon (0.04 and 0.07), cucumber (0.26 and 0.27) and high value (47759.63 and
55149.80) in bitter gourd.



The wvariability for yield per plant was also recorded in water melon (Chezhiyan,
1984), bottle gourd (Rahman et el. 1986), musk melon (Swamy e al.1984) and
pumpkin (Rana er al. 1986 and Saha ef al. 1992).

High genotypic co-efficient of variance and phenotypic co-efficient of variance were
observed for fruits per plant by Reddy and Rao (1984), Rahman ef @l .(1986) and Saha
ef al.(1992) in ribbed gourd (75.40 and 109.38), bottle gourd(30.47 and 38.61) and
pumpkin (27.94 and 33.78).

In the study of genetic variability that most of the characters showed significant
variation in ribbed gourd (Kadam and Kale, 1987).

Singh and Singh (1988) studied 18 lines of pointed gourd in India for yield per plant
and 10 related characters and observed that significant differences were found for all

the characters [ruits per plant, fruit Iength and yield.

Lalta et al. (1988) studied the genetic variability of water melon among 9 germplasms
for 14 characters. They reported high values for phenotypic and genotypic co-efficient
of variation for fruits per plant, average fruit weight, seeds per fruit, fruit yield per

plant.

Sureshbabu (1989) studied 50 genotypes of pumpkin and observed considerable
variability for days to lirst male flower anthesis (41-73 days), days to first female
flower anthesis (41-84 days) and first female flower initiation at 24-78 nodes. Lowest
Phenotypic co-efficient of variance for days to first male flower anthesis (13.08) and

lowest genotypic co-efficient of variance was found in female flower initiation.

Mondal er al. (1989) studied the genetic variability of 31 water melon genotypes and
observed a wide range of variability for days to first fruit harvest, fruit length, fruit

diameter, number of fruits per plant and fruits yield per plant.

In 9 local germplasms of ash gourd Hamid er af. (1989) found a wide range of
variability among the lines in respect of their vine growth , flowering habit , fruit

bearing , weight and size of fruit.



Sarkar et al. (1989) noted in pointed gourd that mean node number for the emergence

ol [irst temale flower was 37.4 .

Vahab (1989) found low phenotypic co-efficient of variance for node at first female

flower initiation (8.18) in bitter gourd.

Prasad and Singh (1989) found low genotypic and phenotypic variance for node order
of lirst male Nower open (2.68-7.42) in ribbed gourd.

Prasad and Singh (1989) noted high value of genotypic and phenotypic variances for
number ol [ruits per plant in ribbed gourd (202.26 and 475.98) whercas Vijay (1987).
Rahman et al. (1986), Abusaleha and Dutta (1990) reported low value in muskmelon
(91.71 and 1.90), bottle gourd (1.43 and 3.10), cucumber (1.15 and 1.24) and bitter
gourd ( 99.02 and 10.45).

Singh and Prasad (1989), Varghese (1991) and Saha er al. (1992) recorded high
genotypic coefficient of vanation and phenotypic coeflicient of variation for yield in
pointed gourd (46.50 and 64.10), in snake gourd (30.06 and 31.33) and pumpkin
(28.82 and 31.21) respectively.

Rahman et al. (1990) also reported that significant differences for days to flowering
among the different entries ol ribbed gourd, bitter gourd, bottle gourd and swect

gourd.

Significant variation among the cultivars for fruits per plant was also found in ribbed
gourd and sweet gourd (Rahman er al. 1990).

Abusaleha and Dutta (1990) carried out an experiment in India to assess the genetic
variation of 65 ridge gourd accessions. Significant variability was observed for all the

characters at phenotypic as well as genotypic level with a very wide range of values,



Sharma and Dhankhar (1990) also reported that higher estimates of genotypic co-
efficient of variances and phenotypic co-efficient of variances (13.54 and 14.00) for

days to first female flower opening in bottle gourd.

Twelve genotypes of pointed gourd were evaluated at the Central Horticulture
Lxperiment Station, Ranchi, India during 1985-86 and 1987-88 prowing seasons
when the genotypes exhibited significant differences in all traits (Krishnaprasad and
Singh, 1991).

Saha ef al. (1991) reported wide genetic variations among six genotypes of teasle
gourd in respect of days to flowering, individual fruit weight and number of fruits per
plant.

Chigwe (1991) observed considerable variability for fruit yield while evaluating more

than 100 pumpkin landraces.

High genotypic coefficient of variation and phenotypic coefficient of variation were
reported (39.55 and 41. 00) by Saha er al. (1992); (30.2 and 36.4) by Doijode and
Sulladmath (1986) for fruit weight in pumpkin. Rana et al. (1986) also observed high

value for this trait in pumpkin.

Mannan (1992) reported narrow difference between genotypic coefficient of variation
and phenotypic coefficient of variation for this trait in bitter gourd indicating less

environmental inlluence on this character.

Ahmed er al. (2000) studied the different genelic variability in snake gourd at the
experimental field of BSMRAU during February to July, 1997. Eight fruit
morphotypes of snake gourd were studied to measure the variability. Among the
morphotypes, all the characters cxcepl node number of first flower showed significant
variation. The highest genetic variability was observed for fruit length, fruit yield per
plant showed maximum differences between genotypic and phenotypic coefficient of

varialion indicatling highest environmental influences.



Miah er al. (2000) studied 30 genotypes of bitter gourd and observed the highest
genotypic as well as phenotypic coefficient of variation for fruit length followed by

days to female Howering, [ruit weight per plant and single fruil weight.

Banik (2003) reported that in snake gourd 100 -seed weight ranges from 21.97¢ to
34.47g. She also found genotypic co-efficient of variation and genotypic co-efficient

ol variation to be 10.07 and 10.52 respectively.

2.2 Path analysis and correlation between yield and yield
contributing characters

Fruit yield in snake gourd is the character which is contributes by a complex chain of
interrelating characters. Association of these yield contributing characters with yield
and among its components is important for making selection in the breeding
programme. Such correlation studies may also differ due to agro ecological variation

Irom vear to year.

Singh et al. (1986) stated that vield was positively and significantly correlated with
fruits per plant (r = 0.95) and vine length (r = 0.60) in pointed gourd. Days to
flowering and days to fruit set were negatively correlated with all the other characters
with the exception of a positive correlation between days to flowering and fruit

weight.

Rahman ef al. (1986) reported negative but significant correlation between yield per
plant and [ruit length ( r= 0.588 ) and strong positive significant correlation with fruit
diameter (r = 0.571) in bottle gourd. Path analysis revealed that fruit length and
diameter had high positive direct effect on yield and number of fruits per plant had

also considerable positive direct effect on yield per plant in bottle gourd.

Abusaleha and Dutta (1988) carried out path coefficient analysis in 75 cucumber
varieties. They reported that fruits per vine and fruit length had the greatest direct

cliect on yicld.



Sarkar et al. (1989) carried out an experiment in India to study correlation and path
analysis of 16 divergent types of pointed gourd which indicated that fruit weight ,
fruit diameter and number of primary branches / plant were positively and
significantly correlated with yield / plant at genotypic and phenotypic levels. The path
analysis revealed that fruit volume followed by fruit weight and fruit diameter have
maximum positive direct effects on yield. The indirect effects of all the components
through fruit volume were relatively high in magnitude in respective of direction.
Therefore, emphasis should be given on fruit weight followed by fruit diameter, [ruit
volume and number of primary branches / plant in selecting good genotype for

improvement of yield in pointed gourd.

Krishnoprasad and Singh (1991) found a positive correlation between vield and late

flowering in pointed gourd.

Saha et al. (1992) found positive but non-significant association between fruit yield
and fruit length (r = 0.375) where there existed as strong positive and significant
association between fruit yield and fruit diameter (r = 0.609) indicating selection of

fruit diameter in pumpkin.

Path analysis of yield and its components revealed that vine length ( 1.21 ) ,days to
female flower appearance ( 0.752 ), fruit weight ( 6.126 ) and fruit length ( 1.082 )
had positive direct effect on yield in cucumber ( Prasad and Singh . 1992 ).

Matsuura and Fujita (1995) observed correlation among 98 cucumber (Cucumis
sativus ) cultivars. Morphological characters were not correlated with the number of

fruits produced. However, the number of fruits was correlated with leaf size.

Kumaran er al. (1998) carried out an experiment on correlation and path analysis
studies in pumpkin. They found that positive and significant correlation of vine
length, mean fruit weight, number of fruit per plant and number of seeds per fruit with
fruit yield per plant. They also found that number of fruit per plant exhibited the
highest direct effect on yield. High positive indirect effects were exerted by number of
fruit per plant and mean fruit weight.
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Miah er al. (2000) noted that fruit yield showed significant positive association with
average fruit weight, fruit breadth and number of nodes per vine in genotypic and
phenotypic correlation with days to male flowering in bitter gourd. Path analysis
revealed that average fruit weight, number of [ruits per plant, days to male flowering

and fruit length had positive direct effect on fruit yield.

Dora et al. (2002) conducted an experiment to determine the important yield
attributing characters required for the selection of high yielding types from 11
selections of pointed gourd collected from different parts of Orissa and Bihar, India.
Fruit retention percentage and the number of fruit per plant were the most important
yield attributing characters. Hence, these two characters must be given emphasis in

the selection of high yielding types.

2.3 Genetic diversity

D’ analysis originally outlined by Mahalanobis (1936) and extended by Rao (1952) is
one ol potential methods of estimating the degree of genetic diversity. It also enables

to quantily the relative contributions of different characters to the total diversity.

Mahalanobis D statistics of multivariate analysis (Jeshwani ef a/. 1970 and Mital et
al. 1975) is a useful tool in quantifying the degree of divergence between the
biological population of different components to the total divergence, both at inter and

intra cluster levels.
Selection of genetically diverse parents for a successful hybridization program is now
possible through biometric procedure, which helps quantification of genetic diversity

(Jain ez al. 1975).

Genetic diversity is one of the important tools to quantify genetic variability in both

sell and cross-pollinated crops (Guar et al. 1978).

Ramchandran ef al. (1981) grouped 25 bitter gourd germplasm into 10 clusters based

on their D* values. The inter-cluster distance valucs observed were hi gher between
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cluster VI and VI (8569.31) and the minimum was between cluster Il and I11
(393.62). The coelTicient of variation estimated for different characters among the 10
clusters showed greater role for yield per plant (38.84), fruit per plant (25.68), female
lowers per plant (19.82) and fruit length (19.03) in determining the inter-cluster
distance. It was further observed that the characters yield per plant, fruits per plant,

female Nowers per plant and fruit length contributed predominantly to diverpence.

A study involving 45 diverse lines of Cucumis melo revealed high diversity as
indicated by the range of D* values for 2.52 to 210.14 among the lines (Kalloo er al.
1982). Depending on the genetic divergence, the 45 strains were grouped into 14
clusters. The maximum distance al inter-cluster level was 14.50 lollowed by 13.29.
The intra-cluster distance ranged from 9.36 to 19.86. It was also found that the
genotypes usually did not cluster according to the geographical origin.

The magnitude of D* indicated closeness among the varieties. The characters, fruits
per plant contributed maximum to total divergence (80%). Sceds per fruit did not
contribute to the total divergence; selection of botanical varieties based on fruits per
plant would be a logical step in the selection of divergent parents in any hybridization
programme as reporied by Mathew ef al. (1986).

Kadam and Kale (1987) observed highly significant difference between cultivars
suggesting considerable divergence among 30 ridge pourd cultivars. Thirty cultivars
were grouped into 20 clusters based on their D* values. Cluster A having two cultivars
had the lowest intra-cluster D’ values (8.22) while cluster T which had two cullivars
with the highest intra-cluster value of 18.59. The highest inter cluster distance was
observed between clusters V and XII (387.11) and it was minimum between cluster

IV and VIII (19.79).

The relative contribution of a trait, however, depends on the population and also on

the environmental conditions in which the population is grown (Akhter, 1990).

The relative contribution of character, however, depends on the population and also

on the environmental conditions in which the population is grown (Akhter, 1990).



Tomooka (1991) reported that evaluation of genetic diversity is important to know the

source of gene for a particular trait within the available germplasm.

Masud ef al. (1995) grouped 27 genotypes of pumpkin into seven clusters. No
relationship was found between genetic divergence and geographic distribution of the
genotypes. The results of PCA revealed that in vector 1 () the important characters
responsible for genetic divergence in the major axis of differentiation were yield per
plant, fruit length, fruit weight and fruits per plant. In vector, II (Z;) fruits per plant
and yield per plant played a major role while rest of the characters played a minor role
in the second axis of differentiation. The clustering pattern of the genotypes revealed
that the genotypes collected [rom the same place did not lorm a single cluster. Thus
genetic diversity and geographic distribution were not directly related. They studied
the genetic distance among five botanical varieties of Cucumis melo. The genetic
distance was calculated for nodes to first female flower, fruit weight seeds per fruit

and [ruits per plant. Total D" was estimated according to Mahalanobis (1936).

Ram (2001} grouped 167 diverse accessions of pointed gourd (Irichosanthes dioica
Roxb.) on the being genetic divergence, in to 8 non- overlapping clusters. Cluster 8
and cluster 5 were most diverse as indicated by maximum intercluster distance
between them (6.049). Considerable variation in cluster means was observed for most
of the characters. The minimum distance was observed between cluster [ and cluster
VII (1.676), indicating close relationship among accessions. The intra-cluster distance
ranged from 1.258 to 1.655. They also found that the first principle component had
highest eigen roots and also showed highest proportion of total variation (47.92 %),
followed by second component with the variation of 22.52 %. The first five
components accounted for more than 95 % variations. Thus, the five components

were used for non hierarchical euclidean cluster analysis.

While studying 19 genotypes of sponge gourd (Luffa cvlindrica) collected from local
and exotic sources Masud er al. (2001) grouped the genotypes into five clusters. The
genetic divergence of the genotypes did not follow their geographical distribution and
was at random. There was no evidence of close relationship between geographical
distribution and genetic divergence as estimated by D® statistics. Maximum inter

cluster distance (45.9) was observed between cluster 11 and V and minimum (10.3)
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between cluster 1l and 1V. Fruit length and diameter were significant contributors to

penetic divergence,

Prasad et al. (2001) used D* analysis in 60 inbred lines of cucumber to select a
suitable germplasm for a hybridization program. Thirteen characteristics involving
growth, flowering, fruiting ability and vield were used and found ten different clusters
irrespective of their allelic relationship and geographical areas of collections. The
node number followed by number of branches and node at which first female flower

appeared lo contribute maximum to genetic divergence.

Genetic divergence using Mahalanobis D? statistics was studied for seven quantitative
characters including yield per vine in a collection of twenty diverse cultivars of bottle
gourd by Badade ef al. (2001). The cultivars differed significantly for almost all the
characters and were grouped into 10 clusters based on the similarities of D’ value.
Considerable diversity within and between clusters was noted and it was observed for
the characters viz. vine length, number of branches, fruit per vine, length and diameter

of fruit and yield per vine.

Hazra et al. (2003) grouped 167 accessions of pointed gourd into eight non-
overlapping clusters, with cluster IV comprising the highest number of accessions (37
accessions) and cluster V1 comprising of the lowest number of genotypes (6
accessions). Intracluster distance ranged from 1.25 in cluster I to 1.65 in cluster VIL
Cluster VII and V were the most diverse as indicated by the maximum intercluster

distance between them (6.04).

From the above review it has been revealed that wide degree of variation for vield and
vield contributing characters are observed in snake gourd by different author. The
difference in the range of characters reported can be due to the difference in genetic

materials used and the environment where they were grown.
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Chapter 111

MATERIALS AND METHODS

3.1 Experimental site

The field experiment was conducted at the Regional Agricultural Research Station of
Bangladesh Agricultural Research Institute (BARI), Ishurdi, Pabna. The site of the
field experiment was situated between 24.03" N latitude and 89.05° E longitudes at

the elevation of 16 m above the sea level.

3.2 Climate

The experimental area was under the sub-tropical climatic zone and characlerized by
moderate rainfall, high temperature, high humidity and relatively long days during the
Kharif season (April to September) and scanty rainfall, low humidity, low

temperature and short day during Rabi season (October to March).

3.3 Soil

The soil of the experimental plot was clay loam in texture belonging to the High
Ganges River Flood Plain under AEZ 11 (Anonymous, 1971). The selected plot was
well-drained high land with pH 8.5. Soil was analyzed before conducting the
experiment at the Regional Laboratory of Soil Resources Development Institute,

Rajshahi. Details of the soil characteristics are shown in Appendices 1.

3.4 Plant materials used
Thirty snake gourd accessions were collected from different parts of Bangladesh, The
places from where these snake gourd accessions have been collected are given in

Table 2.
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Table 2 Accession number and Source of 30 snake gourd germplasm

Accession number Source
SNGO! Rangpur
SNG(2 Rangpur
SNGO3 B Rangpur
SNG04 Rangpur
SNGO5 Rangpur

_SNGO06 Rangpur
SNGO7 Rajshahi
SNGOS Rajshahi
SNG{9 Pabna
SNGI10 Rajshahi
SNGI11 Rajshahi
SNG12 Bogra
SNG13 Bogra
SNG14 Bogra
SNG15 Rajshahi
SNG16 Rajshahi
SNGI17 Pabna
SNGI18 Bogra
SNGI9 Bogra
SNG20 Pabna
SNG21 Kushtia
SNG22 Kushtia
SNG23 Dinajpur
SNG24 Dinajpur
SNG25 Dinajpur
SNG26 Dinajpur
SNG27 Dinajpur
SNG28 Dinajpur
SNG29 Kushtia
SNG30 Pabna

3.5 Land, bed and pit preparation

T'he land sclected for the experiment was opened 15 days belore planting of the crop
with a disc plough. It was then thoroughly prepared by ploughing and cross ploughing
with a power tiller followed by laddering to obtain good tilth. During land
preparation, weeds and stubbles were collected and removed from the field and the
clods were broken with the help of hand. The surface ol the land was leveled. Finally
irrigation and drainage channels were made around the plots. Final land preparation
was done one week before pit preparation. Beds were made on the plots. Plant spacing

was 1.0m x 1.0m. Each bed was 1.0m x 5m in size. A space of 0.75m was kept
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between two beds. Pits of 50cm = 50cm = 30cm size were prepared in each bed and

plant to plant spacing maintained was 1.0m.

3.6 Seedling raising and transplanting of seedling

Seeds were sown in polybags having compost mixed soil on 15th April, 2007 for
germination and seedling rising. Two seeds were sown in each polybag. The polybags
were kept in shady place. They were watered regularly during the seedling raising
period. When the seedlings (14 days old) attained 4-6 leaves and hard enough, they
were transplanted in the main field on 30 April, 2007. Every morning watering was

done afler transplanting.

3.7 Treatments and experimental design

The experiment was laid out in a Randomized Complete Block Design (RCBD) with
three replications. The treatment comprised of thirty snake gourd accessions. The size
of a unit plot was 1.0m x 5.0m, which accommodated 5 plants at a spacing of lm x
1.0 m.

3.8 Application of manure and fertilizer

Recommended doses of manure and fertilizer at the following rates were applied in
the expenmental field (Raslid, 1993) shown. ( Table 3).

Table 3 Doses of manures and fertilizers and their methods of application

Manure/ Fertilizer | Doses(Kg/ha) | Basal dose | Top dressing (Kg/ha)
(Kg/ha) First Second
installment* | installment™*
Cow dung 5000 Total - -
Urea 120 60 30 30
Triple Super Phosphate 80 Total - —
Muriate of Potash 60 Total - -
Gypsum 80 Total - -
Zinc Oxide 8 Total - -

* 15 days after transplanting ~ ** 40 days after transplanting

Half of the quantity of cowdung was applied during land preparation. The remaining

half of cowdung, the entire quantity of TSP, MP, Zinc sulphate, Gypsum and hall of
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the urea were applied as basal dose during pit preparation. The remaining amount of

urea was applicd in two installments in pits.

3.9 Intercultural Operations
The plants were always kept under careful observation. After transplanting of

seedling, different intercultural operations as mentioned below were accomplished.

3.10 Trilling

During the growing period. bamboo stick was used Lo support the plants, and the
plants were allowed to creep on a bamboo pandal. Bamboo pandal helped the plants
for proper growth and to protect the fruits from getting damaged by soil pathogens. It

also helped easy harvesting of the fruits.

3.11 Irrigation
Irrigation was given as and when necessary depending on soil moisture status and

crop conditions and particularly after each application of fertilizers.

3.12 Weeding and mulching
Weeding and mulching were accomplished as and when required to keep the crop free
from weeds and to keep the soil loose for proper aeration. Mulching was done after

irrigation at appropriate time to break the soil crust and to make the soil loose.

3.13 Plant protection measures
Diazinon 60 EC @ 3.5 ml/lit. of water was sprayed at an interval of 10 days from the
beginning of infestation for controlling Epilachna beetle, After fruit setting,

Neembicidin (@ 0.2% was sprayed at an interval of 10 days for controlling [ruit flies.

3.14 Harvesting
Fruits were harvested regularly when they attained physiological maturity, ie.

Immediately before hardness of seeds.
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3.15 Data collection

Data on the yield components and yield viz. (i) Days to anthesis of first male flower.
(ii ) Days to anthesis of first female flower, (iii) Nede number of first male flower
anthesis, (iv) Node number of first female flower anthesis, (v) Number of fruits per
plant, (vi)Days to first harvest, (vii) Days to last harvest, (viii) weight of fruits per
plant, (ix) Average fruit weight, (x)100 seed weight and (xi) vield (t/ha) were

recorded from two randomly selected plants of each accession.

The parameters estimated were variances, correlation, Path coefficient and genetic
divergence. The methods of data collection are described bricfly below:

(i) Days to anthesis of first male flower

Number of days was counted from the date of sowing to date of first male flower
opened.

(ii ) Days to anthesis of first female flower

Number of days was counted from the date of sowing to date of first female flower
opened.

(iii) Node number of first male flower anthesis

Number of nodes was counted from the first node to the node at which first male
flower opened.

(iv) Node number of first female flower anthesis

Number of nodes was counted from the first node to the node at which first female
[lower opened.

{v) Number of fruits per plant

Number of fruits in each plant was harvested al edible stage.

(vi)Days to first harvest
The number of days required from sowing to edible maturity.
(vii) Days to last harvest

Total days required from flowering last harvest were recorded.

(viii) Weight of fruits per plant
The total weight of all the harvested fruits from each plant was recorded.
(ix) Average fruit weight
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The total weight of fruit was counted from 10 fruits randomly harvested from every
plot and the average was worked out.

(x) 100 seed weight and

The number of 100 seeds was counted from fruits harvested from every plant.

(xi) Yield (t/ha)

Total weight of all the harvested fruits from each plant was recorded and fruit vield

per plant was calculated.

3.16 Statistical analysis

The collected data on yield contributing characters and yield under study were
statistically analyzed to find out the significance of difference among treatment

means. The means for all the treatments were calculated.

i. Analysis of variance (ANOVA)

The mean of values of all the characters for all the genotypes were subjected to
ANOVA and significance test among the means was performed by F- variance test by
least significance difference (LSD) test for the interpretation ol the resulls according

lo (Gomez and Gomez, 1984).

ii. Component of variance
The genotypic and phenotypic variances were calculated according to Johnson ef al.
(1955) using following formula:

VMS - EMS5

og =
r
Where, VMS and EMS are the varietals and error mean squares and r is the number of

replications.
The phenotypic variance (Elph} was derived by the following formula:

2 2 2
cph=ogtoc
Where, ng 15 the genotypic variance and o’¢ is the effective error mean square.

Estimation of genotypic and phenotypic coefficient of variation was calculated
according to Burton (1952) as follows:



Bz x 100

Genotypic cocfficient of variation (GCV) = =
Where, dg = Square of genotypic variance and '

X = Population mean.
Similarly the phenotypic coefficient of variation was calculated by the following

formula:
oph> 100

Phenotypic coefficient of variation (PCV) = —
X

Where, 8ph = Square of phenotypic variance and

x = Population mean

iii. Estimation of simple correlation coefficient
Simple correlation coeflicient (r) among eleven important characters ol snake gourd

accessions was estimated with the following formula (Singh and Chaudhury, 1985).

X2
Xy - ———
N
(Zx)° (Zy)’
V{Ext- } &y )
N N

Where, ¥ = Summation
x and y are two variables correlated

N = Number ol observation

iv. Estimation of path coefficient

Path co-efficient analysis was done according to the procedure reported by Dewey
and Lu (1959) using simple correlation values. In path analysis, correlation co-
cfficient was partitioned into direet and indirect effects of independent variable on the

dependent variable,



V. Analysis of genetic divergence
Genetic divergence among the genotypes was studied using Mahalanobis D* statistic
and its auxiliary analysis. Both techniques estimate divergences among a set of

genotypes on multivariate scales.

The D? value between all varieties/lines was arranged in order of relative distances

from each other and was used for clusters formation, as suggested by Rao (1952).

The average intra cluster distances were calculated by the following formula as
suggested by Singh and Chaudhury (1985).

. % D?
Average intra cluster D" = X —
n

Where,
Y.Di" = Sum of distances between all possible combinations (n) of the
varieties/lines included in a cluster.

n = All possible combinations.

A. Cluster analyses (CA)
Cluster analysis as performed by D” analysis originally outlined by Mahalanobis,
(1936) and extended by Rao, (1952), which divides the genotypes based on the data
sel into more or less homogeneous groups. D7 is the sum of squarcs of differences
between any two populations for each of the uncorrelated variables Clustering was
done using non-hierarchical and hicrarchical classification. D’ statislic is defined by
PP
D’x = (W) dd;

1

where,

x = Number of metric traits in point

p = Number of populations or genotypes

K" = the matrix reciprocal to the common dispersion matrix

d; d; = the differences between the mean values of the two genotypes for the i
and j" characters respectively.



In simpler form D* statistic is defined by the formula

D? = dy= i - v

Where,
v = uncorrelated variable (character) which varies from i=1 to x
x = number of characters.

Superseripts j and k Lo y = a pair ol any lwo genotypes.

Cluster analysis was performed by the computer software Gestate 5.13, which used
algorithm to search for potimal values of the chosen critenion. The algorithm did some
initial classification of the genotypes into required number of groups and then
repeatedly transfers genotypes [rom one group to another so long as such transfer
improved the value of the criterion. When no further transfer could be found to
improve the criterion, the algorithm switched to a second stage, which examined the

cliect of swooping ol two genotypes of different groups, and so on.

B. Canonical vector analyses (CVA)

The CVA complementary to D*-statistic is a sort of multivariate analysis where
canonical vectors and roots representing different axes of differentiation and the
amount of varation accounted for by each of such axes, respectively are derived.
Canonical vector analysis finds linear combination of original variability that
maximize the ratio of between groups to within groups variation, thereby giving
functions of the original variables that ean be used to discriminate between the
groups. Thus in this analysis, a series of orthogonal transtformations sequentially

maximize the ratio of among groups to within group variations.

C. Computation of average intra-cluster distances

The average intra cluster distance for each cluster was calculated by taking all
possible D? values within the members of a cluster obtained from (Principle
Coordinate analysis ) PCO. The formula used to measure the average intra cluster
distance was:

Intra-cluster distance = D*/n



Where,
D’ is the sum of distances between all possible combinations (n) of the genotypes
included in a cluster.

The square root of the D? values represents the distance (D) within cluster.

D. Computation of average inter- cluster distance
The procedure for calculating inter-cluster distance between cluster 11 and 1, between
cluster 111 and 1, and between IV and I and so on. The clusters were taken one by one

and their distances trom other clusters were calculated.

E. Selection of varieties for future hybridization programme

Divergence analysis is usually performed to idenmtify the diverse genotypes for
hybridization purposes. The genotypes grouped together are less divergent among
themselves than those are, which fall into different clusters. Clusters separated by the
largest statistical distance (D?) expressed the maximum divergence among the

genotypes included into these different clusters.

The following points as suggested by Singh and Chaudhury (1985) were considered
while selecting genotypes for hybridization

1. Choice of cluster from which genotypes are selected for use as parent (s).

1. Selection of particular genotype (s) from the selected cluster (s).

iii. Relative contribution of the characters to the total divergence.

iv. Other important characters of the genolypes (performance).

F. Analysis of data

Mean data for each character was subjected lo multivariate analysis technique viz,
principal component analysis (PCA), principal coordinate analysis (PCO), cluster
analysis (CA) and canonical vector analysis (CVA) were done by computer using the
GENSTAT 5.13 and Microsolt Excel 2000 soliware.



Chapter IV

RESULTS AND DISCUSSION

I'he experiment was condueted to study the yield performance, variability. correlation
and genetie diversence of 30 snake gourd aceessions. The analysis ol variances of the
data on different vield contributing characters and yield are given in Appendix I The
restlts ol the present study have been presented and discussed in this chapter under

the lollowing heading.

4.1 Plant, flowers, fruits and seeds characteristics
The plant. Nowers. fruits and sceds characteristics like days required to male flower

anthesis. davs required o female Nower anthesis. number of node at male Tower
anthesis, number ol node at female flower anthesis, days required to first harvest, days
vequired o last harvest. number of fruits per plant, weight ol Irunts per plant, average
lruit weight and vield of fruit ton per hectare were recorded and shown in Table 4.

Lithle 5. Table 6oand Tahle 7.

4.1.A Plant and flowers characteristics

The plant and Nowers characteristics like days required 1o male Nower anthesis. days
required o female Mower anthesis. number ol node at male Hower anthesis. number
of node at Temale Aower anthesis, days required to first harvest and dayvs required 1o

fast harvest was recorded and results are presented below (Table 4. Table 3 and

plate ] ).

4.1. A.1 Days required to male flower anthesis

[ was observed that days to male lower anthesis varied significantly among the
dccessions and ranged from 9 days 1o 29 days with the mean value of 19 days (Table
45 The planis ol accession SNG17 required the minimum days to male Nower
anthesis (9 dovsy, This result agree with that of Yawlkar (1983) who reported
stenilicant variation among the genotypes lor days required 1o 1irst Howering. Joseph
(19785 observed considerable variability among 23 lines of snake gourd for days 1o

male Mower anthesis W be 36 0 45 days. In 50 genotypes ol pumpkin Surcshbabu

Lt
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(19897 observed considerable variability for days to first male Tower anthesis (41-73

din s

(onsiderable differences between genotypic (68.73 days) and phenotypic (68.91days)
varianee as well us genotypic (43.18%) and phenotypic (43.23%) coeflicient of
varintion  were  found  indicating  considerable  environmental effect upon  the
expression of the character of days to first Nowering (Table 3), Sureshbabuo (1989)
dlso observed lowest phenotypic co-efficient of varianee for days to first male Hower

anthesis ( 13008 )

4.1.A.2 Days required to female flower anthesis

It was observed that days to lemale flower anthesis varied signilicantly among the
aecessions and ranged rom 21 days 1o 36 days while the mean value was 28 days
(Lable 4), The plants of the accession SNGO3 required the minimum days to female
fower anthesis (21 dayvs). In snake gourd, Joseph (1978) found considerable
variability among 25 lines for days to female fower opening ( 45 to 61 days). These
findings are in agreement with that the results of Yawlkar (1985) who reported

sienilicant variation among the genotypes for days required to first Mowering,

Considerable differences between genotypie (51,48 days) and phenotypic (52.50
divs) variance as well as genotypic (26.49%) and phenotypic (26.75%) coclficient ol
variation was noted indicating considerable environmental elfeet upon the expression
ol the character of days o lirst Aowering (Table 5). Sharma and Dhankhar (1990)
reported that estimates almost similar genotypic co-efficient of variances  and
phenotypiv co-ctlicient of variances (13.54 and 14.00) for days to first lemale flower

opening in bottle gourd,

4.1.A.3 Number of node at male flower anthesis

Wide variation was observed among the accessions in number of nodes at first male
Hower anthesis Table 4 and 81 The maximum number ol nodes per vine was recorded
(1) aceession SNG25 and the minimum (7)) was recorded in SNGO3, Number of
nodes per vine increased with increase in length of vine. Joseph (1978} recorded 1311

o 2344 nodes Tor female Nower initiation in snake gourd. Arora ¢f af. (1983) lound
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first lemale Nower opening ot the node 8.2 in sponge gourd. Singh and Prasad (1989)
also reported the wide range ol variability in pointed gourd for number of nodes per
Vi,

Considerable differences between genotypic (14.30) and phenotypic (14.63) variance
as well as genotvpic (31,08%) and phenotypic (31.43%) coellicient of variation was
found indicating  considerable environmental effect upon the expression of the
character of number ol node at first harvest (Table 5). Prasad and Singh (1989) found
Lo genotypic and phenotypic variance for node order of first male Nower open (2.68-

7.421 in ribbed gourd.

4.1.A.4 Number of node at female flower anthesis

Wide variation was observed among the accessions in number of nodes (Table 4and 5).
1he maximum number of nodes per vine was recorded (34) in accession SNG29 and
the minimum (20) was recorded in SNG19. Number of nodes per vine increased with
increase in length of vine, In snake gourd. Joseph (1978) recorded 15.11 1o 23.44
nodes for female Nower anthesis. Arora ef af. (1983) Tound [irst female ower at the

node 8.2 in sponge gourd,

Considerahle differences between genotypie (37.07) and phenotypie (38.10) varance
as well as genotypic (24.43%) and phenotypic (24.77%) coetlicient of variation was
found indicating considerable  environmental effect upon the expression ol the
character of number ol node at st harvest (Table 5), Sureshbabu (1989) found 24-78
nodes for st Temale Hower initiation in pumpkin and ohserved lowest genotypic co-
cllicient ol variance. Vahab (1989) found low phenotypic co-efficient of variance for

node to 1irst female Tower inttiation (8. 18) in bitter gourd.

4.1.A.5 Days to first harvest

Duvs 1o first harvest varied significantly among the accessions studied und ranged
I 28 (o 43 with the mean value of 36 (Table 4 and 5). The highest days required
lor [irst lirvest (43) was recorded in SNG10 which was significantly different from
uther aveessions. The shortest days required for first harvest (28) was recorded in

SHGOA ( Table 4,



Considerable ditferenees between genotypic (49.75) and phenotypic (31.49) variance
as well as genotypic (19.54%) and phenotypic (19.88%) coellicient ol variation was
noted indicating considerable environmental effect upon the expression ol the
charaeter ol davs o 1irst harvest (Table 5). Kabir (2006) also revealed considerable
differences between genotypic (51.46) and phenotypic (54.24) variance as well as
genotvpic (50.60%) and phenotypic (53.33%) cocflicient of variation of the character

ol date at fiest harvest in pointed gourd accessions.

4.1.A.6 Days to last harvest

Phavs 1o Jast harvest varied significantly among the accessions studied and ranged
from 46 1o 63 with the mean value of 55 (Table 4 and 3). SNGI10 & SNGOT took
maximum duration (63 days) Tor last harvest  which was significantly different from
other accessions. The shortest days required for last harvest (46) was recorded in

SMGHOR CTable 4,

Considerable difTerences between genotypic (42.52) and phenotypic (46.96) variance
us well as genotypic (11.65%) and phenotypic (12.25%) coeflicient of variation was
noted indicating  considerable environmental effect upon the expression ol the

character ol days o last harvest (Table 5).



Table 4 Plant and flowers characteristics of different accessions of snake gourd
(Trichosanthes anguina L.)

i Days to | Da}'; to Node Node IJn}-s"tu Days to
anthesis | anthesis | number | number | first last
| of first of first at first at first Harvest | Harvest
Ace. No. Male Female Male Female (day) (day)
Flinver Flower fMMower Aower
(day) (duy) anthesis | anthesis
| Il (ne. ) {no.) _l
‘ SNGOT 27 34 13 24 a2 63
SNGO2 25 34 1 28 43 62
SNGOZ |1 21 7 31 28 51
SNG4 16 25 10 24 34 52
SNGOS 15 26 10 25 34 56
SNGO6 23 3 12 26 38 S8
SNGOT 22 [ 26 13 25 35 57
SNGOS 12 22 10 20 31 46
SNGOY 6 | 28 1 24 | 38 54
SNG10 2 32 14 7 |45 63 |
SNG 1 E 24 E 24 32 | 82
SNG 12 14 24 ¥ 32 33 53
SNGI13 25 30 13 24 40 57
SNG4, 20 25 14, 24 6 | 56
SNGIS 8 26 | 22 36 | 53
SNG 16 15 23 9 21 34 54
~ SNGIT 9 21 13 23 35 54
SNG I8 L6 24 10 24 34 55
SNG1Y I8 25 16 20 32 54
SNG20 R ¥ 25 32 54
SNG21 | 23 27 3 21 34 53
SNG22 23 30 13 28 | 39 57|
SNG23 23 [ 3l 13 24 40 59
SNG24 | 20 28 14 21 34 55
SNG25 29 36 16 20 45 63
SNG26 14 2 10 24 | 33 54
SNG27 T 30 13 27 38 59 |
SNG28 22 30 16 26 37 58
SNG29 | 19 % 9 34 34 55
SNG30 23 30 12 30 A0) o1 |
V(%) | 4.83 6.47 823 7.06 6.34 6.52
LSD (0.01%)  1.39 381 2,17 3.82 4.07 7.93

28



mean of vield and vield contributing characters of 30 snake gourd accessions

Table 5 Genotypic variance, phenotypic variance, genotypic coefficient of variation, phenotypic cocfficient of variation,

range and

Genetic | Davs required | Days required Number of Number of | Date at first Date at last
| components  to firstmale | to first female | node at first | node at first harvest harvest
flower Mower male flower female flower
anthesis anthesis anthesis anthesis
Genotypic | ) |
68.73 5148 14.50 37.07 49,73 42.52
variance
Phun_m:;pic "
68.91 52:50 14.63 38.10 51.49 46.96
variance
Genotypic I
coefficient of 43,18 26.49 31.08 24,45 . 19.54 11.63
variation (%)
Phenoty pic
coefficient of 45.25 2075 3143 2477 14.88 225
variation (%)
~ Range 8.67-27.00 20,67-36.00 7.00-16.00 20.00-34.00 28.00-45.00 | 46.33-63.33

~ Mean = SE

1719200204748

17.089+1.0121

12.167+0.5780

34923=1.0139

36.1004 |.32ﬂ5—|' 35978221076




SNGO7 SNGO08 SNGO09

Platel Photographs showing different plant and fruit characters of Snmake gourd
accessions (SNG01-SNGO9)




SNG16 SNG17 SNG18

Platel Contd. Photographs showing different plant and flower characters of Snake
gourd accessions (SNG10-SNG18)




SNG25 SNG26 SNG27

Platel Contd. Photographs showing different plant and flower characters of Snake
gourd accessions (SNG19-SNG27)
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SNG 30

Platel Contd. Photographs showing different plant and flower characters of Snake
gourd accessions (SNG28-SNG30)
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4.1.8 Fruit character
Pruit characteristics in respeet of number of fruits per plant, weight of [ruits per plant
(k). single fruit weight (g), 100- seed weight {g) and  fruit vield (tha) were studied

and results have been presented in Table 6, Table 7. Fig. 1 & plate 2.

4.1.B.1 number of fruits per plant

[he number of fruits per plant differed significantiy among the 30 accessions ol snake
gourd and ranged [rom 3 o 28 (Table 6). The plants of SNG24  produced the
maximum number of fruits (28) where as the accession SNGOT produced the
minimum number ol fruits (3). Significant variation among the cultivars for [ruits per
plant was also found in ribbed gourd and sweet gourd (Rahman ef al, 1990). On the
other hand. Vashistha ef af, (1983) found low range of variation (1.37 o 2.09) Tor
fruits per plant in water melon. Prasad and Singh (199) observed also significant
variation among the genotypes of pointed gourd in respect of number of fruils per
plant, The variation in number of fruits per plant might be due 1o genetical

charaeleristics,

Considerable differences between genotypic (143.01) and phenotypic (143.73)
variimee as well as genotvpic (73.37%) and phenotypic (73.55%) coellicient of
variation were nated indicating considerable environmental effect upon the expression
ol the character of number of Truits per plant (Table 7). Prasad and Singh (1989) noted
hieh value of genotypic and phenotypic varianees lor number of ruits per plant in
ribbed pourd (202.26 and 475.98) whereas Vijay (1987). Rahman ¢f af. [ 1986),
Abusaleha and Dutta (1990), reported low value in muskmelon ( 91,71 and .90,
hottle gourd (1,43 and 3.10) cucumber (1,15 and 1.24) and bitter gourd (99.02 and
1045y, High genotvpic co-efficient of variance and phenotype co-efficient of variance
were observed Tor [ruits per plant by Reddy and Rao (1984), Rahman ¢/ al {1986) and
Sali of ¢f (1992 in ribbed gourd (73,40 and 109.38), hottle courd(30.47 and 38.61)

and pumpking27.94 and 33.78) respectively.

1.1.B.2 weight of fruits per plant
Weight of fruits per plant varied significantly among the accessions and ranged from

(.68 ke 10 6,42 (Table 6), The highest weight of fruils per plant (6.42kg) was found

il
tan




i the aeeession SNG23. Whereas, SNGOT produced the lowest weight of fruits per
plant (6811 Tamid ef al. (1989) and Ahmed ¢r af. (2000) Tound a wide range of
varibility among the lines in respeet of weight of fruits per plant in ash gourd and
snake pourd. Prasad and Singh (1990) also observed the significant variation among

the venotypes ol pointed gourd in respect of weight of fruits per plant.

Slieht differences between genotypic (3836.18) and phenotypic (5840.060) vanance as
well as genolypic (88.61%) and phenotypic (88.65%) coeflicient ol variation were
observed indicating slightly genetical, physiological or environmental elleel upon the
expression of the character of weight of fruits per plant (Table 7). Ahmed et af. (2000)
observed highest vield with maximum differences between genotypic and phenotypic
coclTicient of variation indicating highest environmental influences 1. High genolypic
coclficient ol variation and phenotypic coefficient of variation were reported (39.55
and 1. 00) by Saha e ¢f. (1992} (30.2 and 30.4) hy Doijode and Sulladmath (1986)
for [ruit weight in pumpkin, Mannan (1992) reported narrow difference between
senotypic coellicient of variation and phenotypic coefficient of variation for this trait

in bitter pourd indicating less environmental mfluence on this character.

4.1.8.3 single fruit weight

Single lruit weight varied significantly among the accessions and ranged from 102 ¢
1 262.67 ¢ (Table 6). The fruits o SNG 14 had the highest single Iruit weight (262.67
vy On the contrary. the Towest [ruit weight (102 g) was recorded in SNGIO. I'he
variation of ruit weight could be due to the genetical. physiological. nutritional or
covironmental influence. Prasad and Singh (1990) reported wide range variability in

respect ol single fruit weight in pointed vourd,

Slight difterences between penotypic (7421.93) and phenotypic (7431.32) vanance as
well as penotypic (31.33%) and phenotypie (51.36%) coefficient of variation were
ohserved indicating slightly environmental effect upon the expression of the character
ol single froit weight (Table 7). Miah e aof. (2000) studied 30 genolypes ol bitter
gourd and observed the highest senotypic as well as phenotypie coefficient of
virdation [or single fruit weight. Lalta er af. (1988) found that high values for
phenotypic and  senotypic co-elheient of variation for average [ruit weight in

wattermelom



4.1. B4 100- seeds weight

100- Seeds weight varied significantly among the aceessions and raoged from 20.77 g
W 3273 ¢ with the mean value of 27 g (Table 6). The maximum weight of 100 -sceds
was recorded in SNGI3 (32,73 g). Whereas, the minimum weight ol 100- sceds
(20,77 g} was recorded in SNG12, Banik (2003) also reported that highest 100 -seed
weight of 34.47 g and the lowest weight of 21.97 ¢ were recorded among the snake

pourd hines,

Slight differences between genotypie (35.87) and phenatypic (36.17) variance as well
as penotypic (23.25%) and phenotypic (23.35%) coefficient ol variation were
observed indicating slightly genetical. physiological. nutritional or environmental
effeet upon the expression of the character ol 100-seeds weight (Table 7). Banik
(2003) alse found phenotypic co-efficient of variation and genotypic co-efficient of

variation 1o be 10.07 and 10,52 respectively. in snake gourd lines.

4.1. B.5 fruit yield (t/ha)

Among the 30 snake pourd accessions studied. yield of fruit varied sigmilicantly
(Fig. 1) The maximum yield of fruit (42.97 tha) was obtained in SNG23, which was
statistically different from other aceessions. Whereas. the minimum yield of fruit was
obtained in SNGO7, The range of variability for yield was also observed in water
melon (Chezhivan, 1984). bottle gourd (Rahman er el. 1990) and musk melon
(Swamy ¢ ol 1984), Chigwe (1991) observed considerable variability for fruit yield

while evaluating more than 100 pumpkin landraces.

Shight differences between genotypic (262.27) and phenotypic (262.39) varince as
well as senotypic (88.70%) and phenotypic (88.72%) coellicient of variation were
observed indicating slightly environmental effect upon the expression of the character
ol vield of fruit (Table 7). High GCV and PCV were also observed in water melon
(Chhonkar, 1977) and muskmelon (Vijay. 1987). Singh and Prasad (1989). Varghese
(1991 and Sabha et af. (1992) recorded high GCV and PCV for yield in pointed gourd
(46,50 and 64,10V in snake gourd (30,06 and 31.33) and pumpkin (28.82 and 31210

respectively.



Table 6 Fruit and Seeds characteristics of different accessions of snake gourd

{ Trichosanthes angiina 1..)

Ace. No. | Number Weight of Average 100- seeds | Yield |
of Fruits | Fruits / Plant | Fruit weight weight (t/ha)
/Plant (kg) (g) (z)
(no.)
SNGOI 15 2516 127.00 24.63 19.26
SNG02 21 3.216 115.00 3243 21.60 |
CSNGO3 15 2.800 T 12900 23.20 18.49 |
SNG4 X 3.705 134.00 24,10 2493 |
SNGOS 14 7.G88 126.67 24,80 19.95
SNGOG 17 3,301 146.67 24.10 2191
SNGOT 3 0.681 227.67 24.70 | 473
SNGOS 14 1.820 195.33 22,33 11.73
L OSNGOY 19 1.892 193.67 73.93 12,62
! SNG10 13 1.402 102.00 23.80 914
SNG1T 6 1212 184.00 2433 7.74
O OSNGI2 25 3.743 157.00 20,77 24.71
| OSNGIZ 27 3.634 147.67 32.73 24.30
SNG4 19 2582 262.67 34.03 17,31
SNGIS 22 2077 115.00 7393 13.93
OSNGI6 K 2,067 184.33 24.23 13.64
| SNGLT 3 2537 276.00 7423 16.75
SNG IS 12 2.017 134.00 24,07 13.31
| SNGIY 9 1003 129.00 24.17 6.61
C SNG20 3 2517 144,67 34.47 16.79
CSNG21 28 4397 137.33 26.77 30.77
SNG22 27 5.208 165.67 32.27 35.02
| SNG23 o8 6.420 345.00 24,40 1297 |
SNG24 28 5,620 230.33 24.45 37.46
SN(25 6 1.043 145.00 32.00 .96
 SNG26 ] | 040 1433 32.23 7.13
TO8NG2T 13 3027 121.00 24.62 13.92
T OSNG28 9 1.937 195.67 32.40 12.93
OSNGY |16 3,240 163.33 7433 21.63
O SNG3O 4 3043 355.67 2435 19.53
CV(%) 8.99 4.22 316 3.68 3.31
CLSD (101%) | 3.186 250 | 1154 2.062 134 |




Table 7 Genotypic variance, phenoty pic variance, genoty pie coefficient of variation, phenoty pic coefficient of variation, range

and mean of vield and vield contributing characters of 20 snake gourd accessions

CGenetic  Number of fruits Wbtufl‘ru_n_s i Average fruit “cig]ii  100-seed wuig]_u Yield
components /plant plant {z) {o) {1/ha)
(2)
Grenotypic )
[43.01 B3GR 7421.493 35,87 2632T
variance
| Phenotypic I . _
‘ 143.73 5840.60 743132 36.17 262.39
variance
Genotypic B
cocfficient of 73.37 BR.6l 51.33 23.25 BR.70
‘ variation (%)
| Phenotypie
coefficient of 713.35 88.65 51.36 23.33 #8.72
variation (%)
Range © 3.33-28.00 680.67-6420.00 102.00-262.67 20.77-32.73 1.73-42.97
Mean+SE | 16.300:0.8458 2726.211466.466 167.82243.0650 25.76040.5474 18.25740.3486
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Fig.1. Yield of fruit in ton per hactare of 30 accessions of snake gourd. Vertical bar
indicates LS value at 0.01 level
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SNGO7 SNGO8 SNG09

Plate2 Photographs showing the variability of fruits of the snake gourd
accessions (SNG01-SNG09)




SNG15

SNG16 SNG17 SNG18

Plate2 Contd. Photographs showing the variability of fruits of the snake gourd
accessions (SNG10-SNG18)




SNG19 SNG20

SNG23 SNG24

SNG25 SNG26 SNG27

Plate2 Contd. Photographs showing the variability of fruits of the snake gourd
accessions (SNG19-SNG27)
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SNG 30

Plate2 Contd. Photographs showing the variability of fruits of the snake gourd
accessions (SNG28-SNG30)



4.2 Correlation coefficient

Lstimation of simple correlation coefficient of genotypic and phenotypic variance was
made among cight important yvield contributing characters with yield ol 30 snake
vourd aceessions, The value of *r" and the characters correlated are presented in Table

B oond Table 9,

4.2.1 Days required to first male flower anthesis

Cienotvpic and phenotypie co-eflicient of variance for days 1o first male fower
anthesis had positive association with days required to lirst female flower anthesis.
node number for male flower anthesis. node number for female flower anthesis,
number ol fruits per plant. days of first harvest. days of last harvest, weight of fruit
per plant. 100- seeds weight and vield of fruit (ton per heetare). On the other hand.
diys o first male Nower anthesis had negative correlation with single ruit weight

{ Tuble 8 and Table 9). Singh er wf. (1986) reported similar result in snake gourd.

4.2.2 Days required to first female flower anthesis

The genotyvpie and phenotypic co-efficient of variance for days to first lemale Nower
anthesis had positive association with node number tor male Nower anthesis. node
number for Temale Tower anthesis. number of fruits per plant. days of first harvest .
divs ol Tast harvest, weight of Trait per plant, 100- seeds weight and yield ol fruit ton
per heetare. On the other hand, days to first female [lowcer anthesis had negative
carrelation with single fruit weight (Table 8 Table 9). Singh e «f (1986} reported

similer result in snake gourd.

4.2.3 Number of node at first male flower anthesis

Correlation coctticient revealed that the penotypic and phenotypic variance for
number of node at first male Hower anthesis had positive association with days of first
harvest. days of Tast harvest single fruit weight and 100- seeds weight. On the other
i, node Tor male Nower anthesis had negative correlation with node number for
lematle Nower anthesis. number of fruits per plant. weight of fruit per plant and yield
of fruil (ton per heetare) in Table 8 and Table 9. Similar findings were noticed by

Sarkar er af. {19849 in snake gourd.



4.2.4 Number of node at first female flower anthesis

Correlation coeflicient revealed that the genotypic and phenotypic variance lor
number of node at first female Mower anthesis had positive association with number
ol Truits per plant, days to first harvest | days to last harvest. weight ol fruit per plant
and vield of fruit (ton per heetare). On the other hand. node at first female Nower
anthesis had negative correlation with single (ruit weight and 100~ sceds weight
(Fable 8 and Table 9. Similar findings were noticed by Sarkar ¢f «l (1989) in snake

zourd,

4.2.5 Number of fruits per plant

The genotypic and phenotypic variance for number ol fruits per plant had positive
correlation with days of first harvest, weight of fruit per plant. single [ruit weight,
|00 seeds weight and vield of fruit (ton per heetare). On the other band. number of
fruits per plant had negative correlation with days to last harvest (Table 8 and Table

1_;IL

4.2.6 Days required to first harvest

Genotypie and phenotypic co-clficient of variance for days to fiest harvest had
positive association with days 1o last harvest, weight of fruit per plant, 100- seeds
weight and vield ol fruit (ton per heetare). On the other hand. days to lirst harvest had
negative correlation with single [ruit weight (Table 8 and Table 9). Singh ¢ al. (1986)

repurted similar resalt in snake gourd.

4.2.7 Days required to last harvest

Genolypic and phenotypie co-eflicient of variance for the trait days to last harvest had
positive association with weight of fruit per plant. 100- seeds weight and yield of fruit
(ton per hectare). On the other hand, days to last harvest had negative correlation with
single fruit weight (Table 8 and Table 9). Singh ¢f «f. (1986) reporied similar resull in

stithe pourd,



4.2.8 Weight of fruits per plant

he genotypic and phenotypic variance for weight ol lruits per plant had positive
stenificant correlation with single fruit weight. 100- sceds weight and vield of fruit
(ton per hectare) which indicated that yield per plant would be increased with the
inerease number ol fruits per plant (Table 8 and Table 9). Similar findings were

noticed by Sigh e af. (1986).

4.2.9 Single fruit weight

Correlation coeflicient revealed that the genotypic and phenotypic variance for single
[ruit weight had positive significant correlation with yield of {ruit (ton per hectare) (r
— 0.21). On the other hand. single fruit weight had negative correlation with 100-

seeds weight (Table 8 and table 9).

4.2.10 100- Seed weight

Ihe genotypic and phenotypic variance for 100- sceds weight had positive correlation
with fruit vield (1/ha) which indicated that yield per plant would be increased with the
increase o 100- seeds weight (Table 8 and Table 9). Similar findings were noticed by

Stgh er ol (1986).

+7



Table 8 Correlation co-efficient (genotypic) among eleven important vield contributing characters of 30 snake gourd accessions

[ Characters Davs Node Node | Fruit hcr Dn}'_s of Daxs of ilr‘i"i:iglll of Single 100)- Yield
anthesis | number number plant first last fruit per fruit seed t'ha
of female | for male | for female harvest harvest | plant weight weighl

| Mower flower flower ,

, | anthesis anthesis | ! | |
[ = o | I [ ' N N
Days:anthesisalindle. | 5y 0.55 0.03 0.15 078 | 079 0.17 011 0.47 0.19
| flower _
3 H |
MayE watiieats of 0.50 0.07 0.16 092 0.93 0.18 0,13 047 0.20
female flower ) -
Nodgmimerion 036 | 0.09 0.44 0.44 0.06 0.17 0.32 0.0

_male Nower anthesis | . i

e oulRE e 008 0.02 017 0.16 0,01 0.04 0.16

 female flower anthesis ) ) i

Fruit per plant 0.70 003 0.87 0.02 (.06 0.87

i Days of first harvest ' .93 0.06 -0.07 042 | 007
Days of last harvest ' 0.03 007 041 004
“Weight fruit per plant | i 0.22 001 099
Single fruit weight | 030 07

100 seed weight
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Table 9 Correlation co-efficient (phenotypic) among cleven important yield contributing characters of 30 snake gourd accessions

i Davs - Node Node number  Fruit Days of S— | Weight Single 10 Yield
M i Days of . 2
; anthesis of | number for for female per first fruit fruit seed ton/ha
Characters ; ! last A .
female male flower Mower plant harvest : per weight weight
; ; harvest
| Mower anthesis anthesis | plant ‘T
Dgysamthests 0.89 (.53 0.03 014 0.77 0.77 0.17 011 047 0.19
- of male flower , |
Days anthesis ? |
of female (.48 0.07 0.16 0.90 (.85 0.17 -0.15 047 1 020
; flower I
| Node number .
for male . 136 -0.08 .44 042 (1,06 0.17 .31 -(h03
Nower anthesis I - B — | —
Node number
for female (.09 0.04 (.18 0.17 -0,02 -(L0A .16
flower anthesis ) L
Fruit per plant (.70 -0.06 0.87 0.03 (.03 0.87 |
| Days.offiest 0.90 0,06 -0.08 043 | 008
harvest L -
B i 0.02 0.07 039 | 0.0
! harvest . &l
“"'-“Eh‘] f"‘:" 0.22 Lol 099
per plan _|7 N
Single fruit (.20 0 21
" | -(0.2 it/
| weight o T
| 100 seed 002
_weigh 1
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4.3 Path coefficient analysis

(Characters of association determined by correlation may not provide an exact picture
of the relative signilicance of direet and indireet influence of cach ol the vield
components towards yield. In true sense, in order to lind a clear picture of the
mterrelationships among the fruit yield and yvield contributing characteristics. direct
and indireer effects were worked out using path analysis. This analysis at both the
penotypic and phenotypic levels was done with the help ol genotypic and phenotypic
correlation coctlicients, respectively. Genotypic and phenotypic path analysis 1s

explamed in the following headings (Table 10 and Table 11).

4.3.1 Days required to first male flower anthesis

Dayvs o lirst male flower anthesis [or genotypic co-efficient ol variance showed
highly positive dircet effect (0.016) on yield ton per heetare. It also showed positive
indireet effect on weight ol fruits per plant through days required 1o first harvest.
weight of fruit per plant and single fruit weight. On the other hand. it showed negative
indireet elfeet on vield via days required to first female flower anthesis. number of
node ot male fower anthesis, number of node at lemale Nower anthesis. number of

fruits per plant and 100- seed weight (Table 10

Phenotypic coselficient of variance for the character days to first male Hower anthesis
showed highly negative direct effect (-0.024) on yield ton per hectare, |t also showed
negative indirect effect on yield ton per hectare through number ol node at male
Nower anthesis. number of node at female flower anthesis, number of fruits per plant
and 100- seed weight. On the other hand, it showed positive indirect effect on yield
vig days required 1o female Hower anthesis. days required to first harvest, weight of

fruit per plant and single fruit weight (Table 11).

4.3.2 Days required to first female flower anthesis

Davs (o first female Nower anthesis in case ol genotypic co-efficient of variance
showed negative direct effeet (-0.008) on vield ton per hectarc. [ also showed
negative indireet etfeet on yield through number of node at male Nower anthesis,

aumber of node at Temale Nower anthesis, number of Iruits per plant and 100- sceds



weight. On the other hand, it showed positive indireet effect on yield via days

required 1o lirst harvest, weight of fruit per plant and single fruit weight (Table 10).

I respect of phenotvpic co-elficient of variance for the character days to first female
fower anthesis showed positive direet effect (0.047) on yield ton per hectare. 1t also
showed positive indirect elfeet on yield through days reguired to first harvest, weight
ol fruit per plant and single fruit weight, On the other hand. it showed negative
imdireet efteet on yield via number of node at male flower anthesis. number of node

female Mower anthesis. number of fruits per plant and 100- seeds weight., (Lable 11).

4.3.3 Number of node at first male flower anthesis

Gienotypic co-efficient of variance for the character node number at Tirst male lower
anthesis showed neeative direet effeer (<0.002) on yield on per heetare. It also
showed pegative indireet eftect on yield through weight of fruit per plant, single fruit
weight and 100- seed weight. On the other hand, it showed positive indirect efleet on
vield via node number for male flower anthesis, number ol fruit per plant and days

require to first haevest (Table 10).

Number of node at irst male Dower anthesis Tor phenotypic co-ellicient of varnance
showed Tighly negative direet elleet (-0.012) on yield ton per heetare. It also found
negutive indireet effect on yield per plant through weight of fruit per plant, single fruit
weight and 100- seeds weight. On the other hand. it showed positive indirect eflect on
vield via number of node at female flower anthesis. number of fruits per plant and

davs required Tor fivst harvest (Tablel D,

4.3.4 Number of node at first female flower anthesis

Genotypic co-ellicient of variance [or the character node number at first female
Nower anthesis showed negative direct eltect (-(0,001) on yield ton per hectare, [1 alse
showed negative indireet effeet on yield ton per hectare through number ol fruit per
plant. On the other hand. it showed positive indirect effeet on yield via days required
lor Tirst hurvest, weight of (ruit per plant, single fruit weight and 100- secds weight.

{ahkle 10,



Number o node at st Temale Nower anthesis {or phenotypic co-elficient of varianee
showed highly negative direct effeet (-0.017) on yield ton per hectare. It also found
negative indireet effect on yield through number of fruits per plant. On the other hand.
it showed positive indirect effect on yield via days required for first harvest, weight of

[ruit per plant. single fruit weight and 100- sceds weight (Tablel 1),

4.3.5 Number of fruit per plant

Cienotypic co-cllicient of variance for the character number ol fruit per plant showed
negative direet effeet (-0.017) on yield ton per heetare. It also showed negative
indirect effeet on yield per plant via single fruit weight and 100- seeds weight. On the
other hand. it showed positive indirect effeet on yield via days required for first

harvest and weight ol fruit per plant. (Table 10).

Numiher of fruit per plant lor phenotypic co-efficient of variance showed negative
direct effeet (-0.019) on vield ton per hectare, 1t also had negative indirect effect on
vicld per plunt through single fruit weight and 100- seeds weight. On the other hand,
it showed positive indireet effect on yield via days required for first harvest and

weieht o fruit per plant (Tablel 1),

4.3.6 Days required for first harvest

In respect ul genotypie co-cflicient of variance for the character davs required for first
harvest showed positive direct effeet (0.017) on yield ton per hectare. Tt also showed
positive indirect cffeet on yield through weight of fruit per plant and single fruil
weight, On the other hand. it showed negative indirect effect on yield via 100- seeds

weight ( Fable 10).

Days required for st harvest in case of phenotypic co-efficient of variance showed
positive direct elfeet (0.017) on yield ton per hectare. It also showed positive indirect
eflect on vield through weight of fruit per plant and single ruit weight. On the other

hand. it shawed negative indireet effect on yield via 100- seeds weight (Table 11).



4.3.7 Weight of fruits per plant

Genotypic co-clficient of variance for the character weight of fruit per plant showed
positive direet effeet (1.004) on yield ton per heetare. On the other hand. it showed
newative indireet effeet on yield via single fruit weight and 100- seeds weight {Table

11y,

Weieht ol Truit per plant lor phenotypic co-efficient of variance showed positive
divect effeet (1.004) on vield ton per hectare. On the other hand. it showed negative
indireet effeet on vield ton per hectare through single Truit weight and 100- seeds

weight (Tablel 1),

4.3.8 Single fruit weight
i respeet ol genotypic co=cificient of variance for single fruit weight showed
negative direet effeet (-0.008) on yield ton per hectare. On the other hand. it showed

positive indireet effeet on yield via 100- seeds weight (Table 10),

Single lruit weight in case ol phenotypic co-citicient of variance showed negative
direet efleet (-0.004) on vield ton per hectare. On the other hand. it showed positive

indirect effeet on yield via 100- seeds weight (Table 11).

4.3.9 100- Sceds weight
Gienotypic co-eflicient of variance for the character 100- seeds weight showed

negative indirect effect (-0.001) on yield ton per heetare (Table 10).

100 seeds weight for phenotypic co-efficient of variance showed negative indirect

clteet {-0.003) on vield ton per heetare (Tablel 1)

"
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Table 10 Path analysis (genotvpic) showing dircet and indireet effects of yield components towards yield in snake gourd

~ Node

i | | .
D“}.b IFavs anthesis | Node number number for Fruit Davs of | Weight Single 10 .
anthesis of ;- ; Bl win = _ Yield
i et mal of female for male female per lirst fruit per fruit seed i |
PRI | b Mlower Nower anthesis flower plant harvest plant weight weight RN |
flower ) : .
anthesis
L —— : == — . ) |
Dapsauiheslit | igihie 0.007 0,001 0000 | -D002 | 0.0136 | 00707 | 0.0009 | 00005 | 019 |
male Mower S . |
Days anthesisof |, ) -0.008 00010 L 0.0003 00002 | 00016 | 0.1807 0.0013 00003 0.20
| female flower )
Notde number
for male Nower (0.0090 -0.0042 -0.002 00000 | 0,005 | 00076 | -0.060 00014 00004 | 008 ‘
anthesis
Node number |
for female 0.0005 00006 0.0007 -0.001 00013 | 00003 | D607 0.00008 | 0.00004 (.16
Rower anthesis | o _ B |
Fruit per plant 00024 | 00013 0.00018 _0.00003 20,017 | 00122 | 08738 | -0.00017 | -0.00007 (.87
D“ﬁ:r‘ig"“ 0.0128 00078 -0.0009 0000009 | 00119 | 0017 | 0.0602 | 0.0006 | -0.0005 | 007
“’“ig“‘l "”1"‘ PEY T 0028 00015 0.00012 000007 00148 | 000104 | 1.004 00019 00000 (.09
plant !
Single-fruit 0.0018 (0.0012 L0,0003 (1000004 00003 | 00012 | 0.2209 0.008 | 000024 0 021
_ weight | S i R . |
100 seed weight | 0.0077 L0039 0.00066 0.000019 | -0.00102 | 00073 | 001004 0.00175 -n.nmJ (.42
= | 1 o

Residual effect: (.0196

Note: Direct (bold) and mdirect effects of vield contributing characters on vield i 30 snake gourd HCCESSIONS




Table 11 Path analysis (phenotypic) showing direet and indirect effects of yield components towards yvield in snake gourd

—

Node
“ﬂ}f Days anthesis  Node number | number for Fruit Days of | Weizght | Single e
: anthesis of ; 2 : : 100 seed Yield
Characters ol female for male female per first fruit per | fruil :
male ) [ ) : ) i : weizhit ton/ha
Mower | lower anthesis flower plant harvest plant weishi =
fHower ’ =
anthesis
. [
Days anthesis of | ) 4 0.0423 -0.0065 -0.0005 00026 | 00128 | 00707 | 00004 | -0.0024 | 0.190
_ male flower ) | s
Days anthesis of | - 55 0.047 -0.0057 0011 -0.0030 | 0.0149 | 01707 0.0006 | -0.0024 | 0200
female flower | —
Node number
for male tlower 00133 (0.0228 -(h012 0061 00015 00073 0602 -(.0007 -1.0016 -.050
~_anthesis
Node number
tor female -0, 0007 00033 o043 -(h017 -0.0017 {.0007 01707 0.000] (.o002 REE
Mower anthesis o _
Fruit per plant 00034 00076 0.0009 -0.0015 -0.019 Bon7 0.8740 -(honal 003 0.8710
DrysofBiesk: || oyiiogs 0.0428 20,0052 00007 00132 | 0017 | 00602 | 00003 | -0.0022 | 0.080
L harvesl _ =
“'-"g':] IItPer | o.0041 0.0081 0.0007 00029 | 00164 | 00009 | 1004 | -0.008 | -0.0001 | 0.990
an : = | -
5‘“53'," ‘;‘1“" 0.0027 0.0071 0.0020 (0.0003 00006 | -0.0013 | 02210 -0.004 00010 | 0210
weig N L . . == i ]
. 00113 (0223 -D.0037 (0008 00008 | 0.0071 0100 0.0008 -0.005 (020
100 seed weight |

Residual effect: 0.0187

Nate: Direct (bold) and indirect effects of vield contributing characters on vield in 30 snake gourd accession




4.4 Studies on genetic divergence:

Cienetie diverpence between the accessions ol snake gourd was studied through
Mahalanobis 17 analysis, The D7 statisties quantify the distance between accessions
considering o proup ol characters, In the present study D7 analysis characters were
inchided (1) Davs (o anthesis of first male flower. (ii ) Days to anthesis of lirst female
flower, (i) Node number of [irst female Nower anthesis, (iv)Days to first harvest, (V)
Single [ruit weight, (vi) Number of {ruits per plant. (vii) weight of fruits per plant,

(viii)100- seed weight and (ix) vield.

4.4.1 Clustering

In this study 30 snake gourd accessions were grouped into four different clusters
(lable 12) Clusters 1V contained the highest number of aceessions (12) lollowed by
cluster 11 (10 and eluster 11 (6) respectively. The lowest number of accessions (2)
was found in the clusters 1. The clustering pattern of the accessions under this study
revealed that the aceessions collected from the same location were grouped into
difterent clusiers. The accessions collected [rom different location were distributed in
different clusters.  As for example, the accessions of cluster 1 were collected Trom
Dinajpur. In cluster IV, lour out of twelve in spite ol being colleeted from the same
repion.  Masud ¢f af. (1995) reported similar results in sweet gourd, Mannan ¢ al
(1993} in pani kachu, Singh and Singh (1979) in okra as well as Ram (2001) and

Khan (20060 in pointed gourd.

4.4.2 Canonical vector analysis (CVA)

Canonical  vector  analysis was  done 1o compute  the  inter-cluster  distance
(Malialunobis D7 value), The intra and inter ¢luster distanee (D7) are presented in
Fuble 13, Statistical distances represent the index ol genetic diversity among the
clusters, The inter eluster distances were lacger than the intra cluster distances
sugeesting wider genetie diversity among the genotypes of different groups (Table 13
o Uiddin and Chowdbury (1994) and Khan {2006) obtained higher inter cluster
distances than the intra cluster distances in multivariate analvsis in sesame and

pointed pourd. The intracluster distance. obtained by using the values of inter



accessions distanee under cach cluster as suggested by Singh and Chaudhuary (1985).

and intracluster distance obtained from CVA are presented in table 13.

Table 12 Distribution of 30 snake gourd accessions in 4 clusters including source
of collection

! Total no. of o
Accessions included in
‘ Cluster no, accessions in Origin
different clusters
| cluster
| ! 2 SNGO23 and SNG024 Dinajpur
| SNGO1. SNGD2. SNGO3
_ Rangpur
SNG4, SNGOS and SNGOG
[ 10 | !
SNGD9, SNGO17, SNGD20 and
_ PPabna
SNGO30
- SNGO12. SNGO13and SNGO14 Bogra
I 0 SNGO21. SNGO22 and |
Eoushtia
SNGO29
SNGOT7. SNGOR, SNGO10. B 1
SNGOT1., SNGOTS and Rajshahi
ShGOI6
RY 12 — |
SNGO18 and SNGO19 Bogra
SNGD25, SNG026 SNG027 o
Dinajpur

and SNGU2E

Table 13 Average inter and intra-cluster distance [IJ':] for 30 snake gourd

Cluster
|
1l
11
v

acecssions

1 1l 11
256 169 234 264
: 3.29 1.93 :
411 1.55
. il e
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e intra cluster distance was computed by using the values of inter accession
distance [rom distance matrix according o Singh and Chaudhuary. (1983). The
highest intr cluster distance was computed for cluster I (4.11) composed of six
aecessions followed by cluster [V (3.78) and cluster 11 (3.29). ['lhe minimum intra
cluster distance was found in eluster T (2.56). The clusters 11 and IV were more
diverse as indicated by maximum inter cluster distances between them (3.01)
fllowed by the distanee among clusters I and [V (2.64). [ and 11 (2.34). 1 and 11
(1.93) and between [ and 11 (1.69). However the maximum inter cluster distance was
recorded between 11 and 1V eluster, aceessions from these two clusters M involved
lwhridization may produce a wide range segregating population. as genetic variation
is very distinet among these groups. On the other hand. the maximum values of inter
cluster distunee indicated that the aceessions belonging to cluster 1 were far away
from those of eluster 1V, The minimum inter cluster divergence was observed
hetween cluster 111 and 1V (1.55) indicating that the genotype of these cluster were
venetically closed. The lowest inter cluster distance was also found by Prasad (1995)
sk hean. Similar results were found by Khan (2006) in pointed gourd between
clusters YV oand X, Higher inter and intra- cluster distanece indicates higher genetic
variability among accessions between and within clusters. respectively. The mimmum
hter and intra-cluster distance indicates closeness among the pecessions of two

clusters and within the cluster also.

Accessions among the clusters separated by high " values could be used in
hybridization  program  for obtaining wide spectrum of  variations  among  the
seercgates (Bhatt. 1970 and Scetharaman e al. (1988). It is revealed that crosses
chould be made hetween aecessions belonging to the distant clusters for high heterotic
response. In the present study. the intercluster distances between elusters ranged from
| 55 10 3.01 sugpesting crossing genotypes of eluster I with desirable genotypes of
others clusters would express heterosis, Mian and Bhal (1989) reported that parental
clusters separated by medium D7 values had significant positive heterosis. Thus,
heterosis could also be exploited by crossing between accessions belonging to clusters
with moderate diversity like between aceessions of cluster | and 1 and cluster I and

(A%



Table 14 Cluster mean values for vield and yield contributing characters of
snake gourd

Characters | | Il il (R
Davs to anthesis of 15t - ! |
19 21 18 14
female Flower (day) |
Dayvs to anthesis of 1st . B
27 30 26 28
male flower (day)
Node number at st female
26 27 | 22 24
Mower anthesis |
l-}u}'x to Ist Harvest (day) 33 36 34 . 35
Single fruit weight (g) 241 179 161 155
| Number of fruits per plant | 16 28 26 s
Weight of fruits per plant . |
201 f.0 4.26 [ .61 i
(kg)
100-sced weight (g) ) 24.8 24.0 281 26.1
Yield (t/ha) 16,80 J9.04 28.49 (120 |

4.4.3 Cluster mean values for yield and vield contributing characters

of snake gourd
The eluster means of nine characters ol 30 accessions of snake gourd are presented in

Puble 14 Cluster [ was composed ol two aceessions were highest mean value was
lound in single fruit weight (241¢) and 100 seed weight (24.82).  Cluster 11 were
composed ol ten accessions and  highest mean value was found in number of fruits
per plant (28). weight of fruit per plant (6.0 kg) and yield (39.99 t/ba).  As well as in
cluster 11 highest mean value was found in days to anthesis of Irist lenale Nower (21
day ). duys o anthesis ol Trist male fower (30 day). node number at which st female
Nower anthesis (271 and days o frist harvest (36) also found which indicated that the
member of cluster 11 s a linte maturity tvpe, Prasad ¢f aof (1993) also reported similar
findings in cocumber, Cluster HI comprising six accessions had the second  highest
mean value Tor number ol fruits per plant (26). weight ol fruit per plant {4.26kg) and
vield (28.10ha) as well as lowest mean value were also found in days to anthesis of
frist female ower (18 day). days 1o anthesis of frist male flower (26 day). node

muimber at which st female Nower anthesis (22) and davs 1o frist harvest (34) which



imndicated that the aceessions ol the eluster 111 is carlier. Cluster IV was composed of
lwelve accessions and the lowest  mcan value was found in single  ruit weight
(1552). number of freuits per plant (11), weight of fruit per plant (1.61kg) and vield
(10.200ha) which indicated that performances of the accessions belongs - their

cluster are not good.

4.4.4 Contribution of different characters towards divergence

e characters which contributed maximum to the divergence are given greater
emphasis for deciding on the cluster for the purpose of further selection and the
choice of patterns lor hybridization (Jagadev ef «l., 1991 ). The results of UVA
revealed that in vector 1 (Z1). the important characters responsible for genetic
diversence in the major axis of differentiation were days 1o anthesis ol frist female
Mower. days o (rist harvest. number of fruits per plant. and 100-seed weight {‘Table
150, In veetor 11 (220 days o anthesis of frist male lower and 100-seed weight
plaved o major role in the seeond axis off dilferentiation. The role ol 100-seed weight
in both the vectors indicated the important component of genetie divergence among
the 30 snake gourd aceessions. Negative values in both the veetors for node number at
frist lemale Nower anthesis. single fruit weight, weight of fruits per plant and yield
idicated  the lowest contribution to the total divergence, Hence. considerable
emphasis should be piven on these characters to increase fruit yield in spake pourd
Muthew of of (19867 reported that [ruit weight per plant was the major contributor
twards diverpence in Crenmis melo, Masud ef af, (1995) found that [ruil weight wis
one ol the important contributors to genetic divergenee in swect pourd. Khan (2006)
abserved that fruit weight. number of fruits per plant and weight of fruits per plant
were the higher contributors to the divergence in pointed wourd. Anitha and Doraira
(1990) concluded that davs to Mower was the important contributor to the genclic

divergence
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Table 15 Relative contribution of different characters towards divergence

Characters Vector | Vector I
I Mays to anthesis of frist Female |
U166 -[.1132
Flower
i Davs to anthesis of frist male flower (L1632 (1.OGR3
Nade number at frist Female flower
-1.4761 -10.5531
| anthesis
| l]::}'s_th frist Harvest (068 0.0723
‘ Single fruit weight 03018 | 00286
| Number of fruits per plant 0.1624 -0.3215
Weight of fruits per plant -0.3018 -(0.0286
10f-seed weight 0.0132 0.0067
Yield of ton per heetare L0513 035312

4.4.5 Selection of accessions for future improvement

The crosses invalving parents belonging to the maximum divergent clusters were
expected 1o manifest maximum  heterosis and also wide variability in penetic
architecture. Ramanujam ef of. (1974) in mungbean, Mian and Bhal (1989) in
chickped reported that parental clusters separated by medium D° values exhibited
sipnilicant and positive heterosis for seed yield and some of its components in
munghean. Similar findings were observed by Masud ef «f. (1995) in sweel gourd and
Khian (2006) in pointed pourd. Thus cross between the genotypes of cluster [ and I
and cluster 1 oand IV would exhibit heterosis and s likely to produce new

recombinanits with desired characters in snake gourd,

Consideting the magnitude of genetie distance. contribution of different characters
owards the total divergence and magnitude of cluster means for different characters
performance. the lollowing genotypes were considered 1o perform better il used in

Iy hreidization program,

]



The accessions ol cluster T could be selected for fruit weight. The accessions of the
cluster 11 could be selected for number of fruits per plant, higher fruit weight per plant

and vield. The aceessions ol the cluster 111 could be selected for earliness.

As evident from correlation studies the single fruit weight, number of fruits per plant
and weight of fruits per plant were important for snake gourd yield. which showed
moderate and positive relationship with yield, selection could be eftective for
breeding lor further improvement of snake gourd. Similar result was found in

(olocasia (Mannan ef af 1993).
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Chapter V

SUMMARY AND CONCLUSION

The present experiment was undertaken to study the variability, correlation, path
analysis, and genetic divergence of 30 snake gourd accessions. The experiment was
conducted at the Horticulture Division of Regional Agricultural Research Station
(RARS) Bangladesh Agricultural Research Institute (BARI) Ishurdi, Pabna during the
period from April 2007 to September 2007. The experiment was laid out in
Randomized Complete Block Design (RCBD) with three replications. Data on yield
contributing characters and yield of fruit were recorded. The statistical analysis of

variance indicated the existence of wide variability for different characters.

In case of variability study, the range of variation was observed high in case of days
to anthesis of first malc flower (9-29), days to anthesis of first emale flower (21-36)
node number of first male flower anthesis (7-16), node number of first female flower
anthesis(20-34), number of fruits per plant(3-28), days to first harvest(28-45), days to
last harvest(46-63), weight of fruits per plant(0.681-6.420kg). average fruit
weight(102.00-262.67g), 100 sced weight(20.77-32.73) and yield (4.73-42.97/ha)
suggesting to give priority on these characters for selection. In all the characters it was
found that phenotypic coefficient of variation was higher than genotypic coefficient of
variation. The highest genotypic and phenotypic coefficient of variation was observed

in weight of fruits/plant and single fruit weight.

In case of days to anthesis of first male flower, SNG17 took the lowest day (9 days) to
first male flower and the highest days 1o anthesis of [irst male Mower (29 days) was
taken by SNG25. Days to anthesis of first male flower was positive association with
node number of first male flower anthesis, node number of first female flower
anthesis, number of fruits per plant, days to first harvest, days to last harvest, weight
of fruits per plant, 100 seed weight and yield. On the other hand, days to anthesis of

first male flower had negative correlation with single fruit weight.

In case of days to anthesis of first female flower, SNG03 took the lowest day (21

days) to first female Mower and the highest days to anthesis of first female flower (36
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days) was taken by SNG25. Days to first female flower anthesis had positive
association with node number for male flower anthesis, node number for female
flower anthesis, number of fruits per plant, days of first harvest , days of last harvest,
weight of fruit per plant, 100- seeds weight and yield of fruit ton per hectare. On the
other hand, days to first female flower anthesis had negative correlation with single

fruit weight.

The maximum number of node at first male flower anthesis was recorded (16) in the
plant of accession SNG235 and the minimum (7) in SNGO3. Number of node at first
male flower anthesis had positive association with days of first harvest, days of last
harvest, single It weight and 100- seeds weight. On the other hand, days to first
female flower anthesis had negative correlation with node number for female flower
anthesis, number of fruits per plant, weight ol fruit per plant and yield of [ruit ton per
hectare.

The plant of accession SNG29 had maximum number of node at first female flower
anthesis (34) and minimum number of node at first female flower anthesis was found
in the plant of accession SNG19 (20). Number of node at first female flower anthesis
had positive association with number of [ruits per plant, days to first harvest , days to
last harvest, weight of fruit per plant and yield of fruit ton per hectare. On the other
hand, days to first female flower anthesis had negative correlation with single fruit

weight and 100- seeds weight.

The accession of the plant SNGO3 required the minimum days to first harvest (28 day)
while SNG10 took the maximum days to first harvest (45 day). Days to [irst harvest
had positive association with days to last harvest, weight of fruit per plant, 100- seeds
weight and yield of fruit (ton per heetare). On the other hand, days to first harvest had

negative correlation with single fruit weight.

In respect of days to last harvest, accession SNG10 and SNG 01 was highest (63) and
accession SNGO8 was lowest (46).

In respect of single fruit weight, the highest weight was observed in the accession
SNG4 (262.67g) and lowest weight was found in SNGI10 (102.00g). Single fruit
weight had positive significant correlation with yield of fruit (ton per hectare). On the

other hand, single fruit weight had negative correlation with 100- seeds weight.
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In respect of number of fruits per plant, SNGO7 had the lowest (3) number and
SNG24 had the highest (28) number of fruits per plant and number of fruits per plant
had positive correlation with days of first harvest, weight of fruit per plant, single fruit
weight, 100- sceds weight and yield of fruit ton per hectare. On the other hand,

number of fruits per plant had negative correlation with days to last harvest.

In case of weight of fruit per plant, SNGO07 had the lowest (0.681kg) and the highest
weight of fruit (6.420 kg) was in SNG23. Weight ol [ruiis per plant had positive
significant correlation with single fruit weight, 100- seeds weight and yield of fiuit

ton per hectare.

It was observed that plant of accession SNG13 produced the highest 100 sced weight
(32.73) and the lowest (20.77) 100 seed weight was found in SNG12.

From path coefficient analysis it was observed that number of fruits per plant had
maximum dircet and positive effects on yield of fruit. The correlation of number of
fruits per plant, fruit weight per plant was also found high and such high correlation of
fruit yield was mainly due to the high positive direct effect on number of fruits per
plant and considerable indirect effect via single fruit weight. Single fruit weight was
also highly positive and the direct effect on yield per plant. This character contributes
indirectly to yield per plant via node number of first female flower anthesis, 100 seed

weight.

As per D” and cluster analysis, the 9 morphological characters, 30 accessions of snake
gourd were grouped into four diflerent clusters. The clusters IV contained the highest
number of accessions (12) followed by cluster 11 (10), cluster 111 (6) and cluster |
having 2 accessions, respectively. The clustering pattern of the accessions revealed
that the accessions collected from the same location were grouped into different

clusters.

The maximum inter cluster distance was recorded between II and IV cluster,
accessions from these two clusters if involved in hybridization may produce a wide
range segregating population, as genetic variation is very distinct among these groups.
On the other hand, the maximum valucs of inter cluster distance indicated that the

accessions belonging to cluster 11 were [ar away from those of cluster IV. The
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minimum inter cluster divergence was observed between cluster 11l and 1V (1.55)
indicating that the genotype of these cluster were genetically closed. The highest inira
cluster distance was computed for cluster III (4.11) composed of six accessions
followed by cluster 1V (3.78) and cluster 11 (3.29). The minimum intra cluster distance
was found in cluster I (2.56). The clusters 11 and 1V were more diverse as indicated by
maximum inter cluster distances between them (3.01) followed by the distance among
clusters I and IV (2.64), 1 and III (2.34), Il and III (1.93) and between I and II (1.69).

Geographic diversity was not associated with genetic diversity.

The result of the present experiment revealed that a wide variability existed among
the collected snake gourd accessions. Also there was correlation of different vield
contributing characters with the yield of snake gourd. Cluster analysis revealed that
there is no relation between geographic distributions with genetie diversity. From the
results of the experiment the following conclusion can be made
(1) Wide variability existed among the snake gourd accessions used in this
experiment. That variability’s could be used for future breeding programme to

develop a high yielding snake gourd varicty in our country.

(ii) To develop a high yielding variety of snake gourd selection should be done on
the basis ol desired characters such as average fruit weight, number of fruits

per plant and weight of fruits per plant etc.

The following recommendations may be drawn from the finding of present trial-
(i) Collection of snake gourd germplasm should be continued for getting more

varabilily and desired traits.

(ii) Molecular techniques such as RAPD, RFLP should be used for proper

identilication of the germplasm at molecular level.
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APPENDICES

Appendix 1. Physical and chemical properties of soils at RARS, Ishurdi, Pabna

Land Textural | pH | OC* | Total P K S Zn

category | class () | N(%) | (ppm) | (mg/100¢g) | (ppm) | (ppm)

High clay 85| 058 | 006 | 1220 0.25 25 0.70
loam

*QOrganic carbon
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Appendix 2. Analysis of variance of data on yield and yield contributing characters of snake gourd

Mean sum of square
Source of Degree of Days to anthesis | Days to anthesis | Node number | Node number of | Number of
variation freedom of first male of first female of first male first female fruits per
flower flower flower anthesis | flower anthesis plant
Replication 2 126.300 92.211 20.933 100,878 159.100
Treatment 29 68.910* 52.504* 14,638* 3B.108* 143.732%
Error 58 0.541 3.073 1.002 3.096 2.146

*Significance at 1%.

7




Appendix 3, Analysis of variance of data on yield and yield contributing characters of snake gourd.

Mean sum of square

Source of Degreeof | Daysto Days to Weight of Average fruit 100 seed Yield (t/ha)
variation freedom first last fruits per weight weight
harvest harvest plant
Replication 2 48.633 10.544 55891.678 536,011 4.170 1.499
Treatment 29 51.498* 46.964* | 5840601.275* 7431.327* 36.173* 262.396*
Error 58 5.231 13.326 13253184 28.184 0.899 0.365

*Significance at 1%,
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Appendix 4. Average temperature {"c) during the croping
season in 2007 at RARS, Ishurdi, Pabna
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Appendix 6. Average rainfall (m.m.) during the croping
season in 2007 at RARS, Ishurdi, Pabna
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Appendix 7. Total sunshine hours and evaporation

{m.m.) during the croping season in 2007
at RARS, Ishurdi, Pabna
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