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ABSTRACT

The genetic parameters were estimated for 15 datimél characters in 23 genotypes
(germplasms) of Bitter gourd at Department of Vabkt Science, College of Agriculture,
Bhubaneswar, Orissa University of Agriculture aretinology following Randomized Block

Design having three replications during the khseifison 2014.

The genotypes showed a wide range of variationalbrthe characters studied.
Among the genotypes evaluated, CO-1, Phule GredngMR-2, Meghana-1 and Japani
Green Kalara are identified as the ideal varieteede grown in Bhubaneswar (Odisha)
condition. High estimates of genotypic coefficiafit variation (GCV), heritability (broad
sense) and genetic advance as percentage of nleayetlzer at a glance were observed for
the characters such as seed/flesh ratio, yielglpet, number of fruits per plant, fruit weight,
fruit length and vine length suggesting additiveeeaction for expression of these characters.
So, selection based on these characters will be eftective in improvement of fruit yield of
bitter gourd. Correlation studies among the traitlicated that there is a strong inherent
association between yield per plant with charadikesleaf area, number of fruits per plant,
fruit weight, fruit length and 100 seed weight bah phenotypic and genotypic levels
depicting that these are important correlated atara contributing towards yield. Path
analysis study of yield and its components reveétetl number of fruits per plant had the
maximum positive direct effect followed by leaf arand number of primary branches per
plant while, vine length exhibited the highest riegadirect effect on fruit yield in bitter
gourd. Genotypes studied in this trial were grouimal seven different clusters by using D
statistics and Tocher’s methods. Cluster VI (thpeeents) and VIl (eight parents) showed
highest inter-cluster distances were the most daemtr ones and hybridization involving
parents from these two clusters would be resuéinteid. Pusa Domousumi and Thusi are the
two most divergent parents. The characters sudeed/flesh ratio yield per plant and fruit
weight predominantly contributed towards genetivedyence among the parents. So,
selection of parents from the present set of geastyunder study differing in these

guantitative characters may be useful for develppiybrids in bitter gourd.
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INTRODUCTION

Bitter gourd Nlomordica charantia L.) 2n=2x=22 belonging to family
cucurbitaceae is one of the most important vegetapbbwn in India. Among the
cucurbits, it is considered a prized vegetable tmeaf its high nutritive value especially
having ascorbic acid and iron (Behera, 2004). ttasyimonly known as Bitter melon,
Karela, Maiden apple and Balsam pear. The origithisf crop is probably India with
secondary centre of diversity in China (GrubberY,7)9lt is widely cultivated in India,
China, Malaysia, Africa, and South America (Mirgggl., 1993).

It is adapted to a wide range of emuinents and can be grown in tropical and
subtropical climates (Lim, 1998). This vegetabla idifferent nature's bountiful gifts
to mankind, which does not only have fabulous digeal properties; it is a storehouse

of remedies for many common ailments.

The fruits and few other parts otdritgourd were reported to have cooling
effect, stomaechic, appetising, carminative, amépg, antithelamintic, aphrodisiac
and vermifuge properties. It is also well knownitsranti-diabetic properties due to its
potent, oxygen free radical scavenging activityhef fruit juice. The bitter principle in
bitter gourd is cucurbitacin, a bitter glucosideiathprevents the spoilage of cooked
vegetable and keeps fit for consumption even far tmthree days.

In India, bitter gourd covers anaaoé 83,000 hectare with the production of
940430 MT (NHB, 2014). Further, among the cultidateucurbits, it has been
identified as one of the potent vegetables for expg Agricultural Processed Food
Products and Export Development Authority (APEDAXNto onion and okra. As a
monoecious crop, it is highly cross pollinated dhds, there exists a wide genetic
variability in nature. But there are few releasedieties of this popular vegetable as

per its requirements.

In IndiaM. charantia have relatively broad phenotypic species variaian,
sex expression, growth habit, maturity, and froase, size, colour and surface texture
(Beheraet al. 2006). In spite of the potential economic and iciedl properties in bitter

gourd, due attention has not been given about #teren and magnitude of genetic



divergence towards a need based crop improvemegtgmme. However, recently the
cultivation of bitter gourd becomes increasinglypplar, because of the growing
awareness of its antidiabetic property and nugitivalue among consumers.
Nevertheless, there is a long way to go with bgurd improvement work. Therefore,
the improvement work should be focused on seleatiogenotypes for better yield,
superior quality and resistant to biotic stres8efore aiming at an improvement in
yield, it is necessary to have information on geneariability and heritability, in

respect of important characters associated withd.yieherefore, the present study
entitled“Variability studies in Bitter gourdqMomordica charantial.)” has been

designed to be carried out with a set of genotypeth the following

objectives.

Objective:

=

To study the magnitude of genetic variation in¢bbection,

2. To assess the nature and extent of variability feerdtability of character and

their expected genetic gain by selection,

3. To investigate the amount and nature of associatong different characters

with yield through co-relation analysis,

4. To determine the direct and indirect associatiororagnyield components

through path co-efficient analysis and

5. To compare and contrast the genotypes for compooiegteld and assess

genetic divergence among them based on genetandist




REVIEW OF LITERATURES

Bitter gourdNMlomordica charantia L.) is an important vegetable crop and grown
extensively all over the India and also througtbatworld. It is a cross pollinated crop
and therefore, the selection breeding is a mosbitapt technique for its improvement.
So for plant breeding programme for high yield aedection of desirable line, the
information and knowledge on the nature of magmtofigenetic variability present in
the breeding materials, nature of character associand genetic divergence and

external environmental influence on the traitsighly essential.

A brief review of information availabta the above aspects under study in
bitter gourd as well as related cucurbits has lggenped into the following heads.

2.1 Variability of quantitative traits
2.2 Coefficient of variation

2.3 Heritability

2.4 Genetic Advance

2.5 Correlation coefficient

2.6 Path coefficient analysis.

2.7 Genetic diversity

21 Variability of quantitative traits

Selection of superior genotypes is the most ingmbraspect in a crop
improvement programme and the effectiveness oféhection is dependent upon the
existence of genetic variability within or among thopulation subjected to selection
(Dixit etal., 1971; Swamy Rao, 1972; Tikkhal., 1974). Therefore, genetic variability
is of great importance to begin with planning oforimprovement research

programme.

The variability observed for any chiaer is due to differences in genetic
constitution of the population as well as due te &mvironmental conditions. The
observable quantitative trait is only the phenotybéch can be easily assessed but for
purpose of selection, it is inadequate since pkatihe resultant of the interaction of
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genotype and environment which creates difficuttyascertain whether variability is
heritable or non-heritable (environmental). Thiguiees the partitioning of total
variation or phenotypic variation into two groupgls as heritable and non-heritable

components as follows:
A) Heritable or genotypic variation:

a) Additive genetic variance (), which results from additive or average

effect of genes and it is heritable

b) Dominance vaiance @), which arises from intra-allelic interaction and

it is also heritable
B) Non-heritable or non-genotypic variation:

a) Epistatic variance (Ywhich results from the interaction of non-allelic

and is referred as inter-allelic interaction

b) Environmental variance €Y which results from non genetic factor such
as environmental fluctuations, sampling error aiffiérnce in cultural

practices

Apart from this classification, stéttal methods are now available for
partitioning of phenotypic variation into genetiedaenvironment components which
permit a quantitative assessment of genetic vditialaind the relative importance of

heredity and environment in the expression of gtative traits.
2.2.  Coefficient of variation

It is the measure of variation and is independenhibiod measurement which
is used for comparing different populations. lprevided by the standard deviation

expressed as percentage of mean (Panse and Sukh8sye

Phenotypic coefficient of variatios the phenotypic standard deviation
expressed as percentage of mean and genotypiccoerbf variation is the genotypic
standard deviation expressed as percentage of ndeatight difference between
phenotypic and genotypic standard deviation sugdestegligible influence of
environment on that particular character (Choudleagy., 1973)
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2.3.  Heritability

The degree to which variability of hacacter may be transmitted to the
progeny is referred to as its heritability. Heritdyp is a useful measure to determine
the amount of genetic variance over total variahash (1949) defined heritability as
“portion of observed variance for which differendesheritability is responsible”.
Robinsoret al. (1966) defined heritability in broad sense as ttt® of total genotypic
variance to total phenotypic variance”. Higher magte of heritability suggested the
major role of the genetic factors in the expressbrthe characters. It is generally
expressed in percentage. Thus the heritabilithésheritable of phenotypic variance
which is good index of the transmission of chanacteom parents to their offspring.
Johnsonet al. (1955) hypothesized that heritability estimates,ewhstudied in
conjunction with genetic advance would provide megpropriate information than the
study of heritability. Allard (1960) viewed thataracters, which had low heritability
are, not dependable because their genotypic expness superimposed by the

environmental influences.

Heritability in other words is an exdto measure transmissibility of characters
in a population. Heritability always emphasizes whihe selection in relation to the
genetic traits. Heritability in broad sense refietite functioning of genotypes as a
whole. In narrow sense it is that part of obsenvadance which is caused by additive
genetic variance. It guides the plant breeder wapect of selecting the individual
from segregating generations for effective improgatn Therefore, it is pre-requisite

for planning of any breeding programme based agctieh technique.

2.4 Genetic Advance

Genetic advance or genetic gainilisnsore useful tools to estimate the nature
of the crop. Genetic advance is directly relatethihie heritability as it gives an idea
about the expected genetic changes on accourniectisa applied for a particular trait.
Heritability often fails to provide the estimatefsabbsolute variability. The estimate of
the genetic advance in per cent of mean provida®g mehable information regarding
the effectiveness of selection in improving a ttatause its estimate is derived by
involving heritability, phenotypic standard devaatiand selection intensity thus, the
estimate of heritability and genetic advance ara gfeat significance to plant breeders

in developing suitable selection strategies.
5



Genetic advance is the improvemerihexmean genotypic value of selected
plants over the parental population. It is the mea®f genetic gain under selection.
The success of genetic advance under selectiomdspmsn three factors; (i) genetic
variability (ii) heritability and (iii) selectiomtensity. The genetic advance is generally

high with the characters having high heritability.

Estimates of genetic advance helprnideustanding the type of gene action
involved in the expression of various polygenic releters. High values of genetic
advance are indicative of additive gene action lamdvalues are indicative of non-

additive gene action.

Genetic variability and heritability in bitter gour d

Variability studies were made im ténes of bitter gourd Mlomordica
charantia L.) by Srivastavat al. (1976). Of the ten characters studied, they tegor
genotypic coefficient of variation, heritability peent in broad sense and genetic
advance as per cent of mean were highest for nuaflfarits per plant and lowest for
number of male flowers per plant. High heritabilitglue in conjunction with high
genetic advance as per cent of mean was obsemvedrftoer of fruits per plant, weight

of fruit and yield per plant.

In a variability study in twenty-oneltivars of bitter gourd, Mangadt al.
(1983) found high estimates of heritability alonghahigh genetic advance and genetic
coefficient of variation for yield, number of fraiweight of fruit, number of branches
per plant and plant height. Number of days to festale flower and number of lobings

per leaf showed lower values of these estimates.

Bhaveet al. (2003) studied the variability in 17 families 6fcrosses of
bitter gourd in the Fgeneration. They reported that in the phenotypiefficient
of variation (PCV) was higher than the genotypieftieient of variation (GCV)
for all the characters studied (vine length, brametmber per vine, flowering
duration, harvesting span, fruit length, averagst fiveight, seed number per fruit,
fruit number per vine, dry matter per vine, biologi yield per vine and total fruit
yield per vine). Highest GCV and PCV were for brlamcimber per vine, total fruit

yield per vine and vine length.



Narayamt al. (2006) from a variability study in bitter gourd weped that the
highest values for most of the yield contributingits such as the highest fruit yield
(2.89 kg) with the maximum fruit number per plab®.00) and maximum fruit diameter
(5.50 cm) in bitter gourd was found in Preethi. Maxm fruit length and average fruit
weight was observed in BGR-1. All the charactersewgghly heritable and showed
high phenotypic and genotypic coefficients of vaoia. High genetic coefficient of
variation and heritability estimates was associatéth high genetic advance was
observed for branch number per plant, averageléngth, average fruit diameter, fruit

number per plant and fruit yield per plant

A field study in bitter gourd conduttiey Ramet al. (2006) and found highly
significant difference for all the characters unsteidy in the evaluated genotypes. The
coefficients of variation were maximum for daysnale flower emergence followed

by seed weight/fruit, yield/plant, fruit weight afrdit length in order.

A study was undertaken with 46 genatypé bitter gourd to assess the
variability under zero irrigation condition by Ragaal.(2007).They reported that the
highest PCV and GCV were observed for number offerflowers per plant followed
by fruit weight and number of primary branches pkmt indicating the extent of
variability based in these characters. High heititglzoupled with greater genetic gain
was observed for number of female flowers per dialiawed by fruit weight, number
of primary branches per plant and yield per plotuitrgirth showed moderate

heritability with low genetic gain.

Agasimaniet al. (2008) evaluated twelve genotypes of bitter goardi
observed that the genotypic variation for fruitlgienumbers of fruit per vine and fruit

length was significant for all the three traits.

A variability study conducted by Yadetal. (2008) recorded maximum vine
length in IC-85635A followed by MC-84, JMC-4, CCafd lowest in TZA. Maximum
number of primary branches per vine was noted 83639 (37.67) followed by MC-
84, improved Jaunpuri and S-17 whereas lowest nuofg@imary branches per vine
was recorded in DVBT-G-5. Maximum numbers of daysrevrecorded for first
appearance of male flower in IC-85612, Pusa Do MousVRBT-14 and minimum
days in MC-84, TZAl, JMC-22 and S-17. Maximum daysre recorded to first

7



appearance of female flower in CO-1 followed by &2 Mousumi, Preethi and
minimum days in TZAIl, VRBT-6-9, IMC-22 and Gy-I. Menum fruit yield per vine
was recorded in MC-84 followed by S-17, VRBT-6-4dWDBT-15. The lower fruit
yield per vine was recorded in CO-1, TZA, TZA1 ddBT-G-5 of bitter gourd.

Deyet al. (2009) recorded high phenotypic coefficient ofisaons (PCV) and
genotypic coefficient of variation (GCV) for chatars average fruit weight (g),
average fruit diameter (cm), average flesh thickr{em) and fruit yield per plant (g)
in bitter gourd. Phenotypic coefficient of variatiovas higher than genotypic
coefficient of variation for all the characters dird indicating influence of
environment in the expression of characters. Hafitarecorded moderate to high for
all the traits. High heritability along with highegetic advance was revealed for traits
like average fruit weight (g), average flesh thieks (cm), fruit yield per plant (g) and

node to first female flower

A field experiment was conducted bgnsét al. (2009) using twenty genotypes
of bitter gourd. The study revealed wide geneticaten for branches per vine, yield
per plant and number of fruit per plant. High ggpat co-efficient of variation (GCV)
was observed for branches per vine, yield per pdartt number of fruit per plant
whereas low genotypic co-efficient of variation wasserved days to first male and
female flowering. High heritability with low genetadvance in percent of mean was
observed days to first female flowering. High hagsitity with high genetic advance in

percent of mean was observed for yield per pladtvame length.

Devmorest al. (2010) suggested that based on the nature anditonderof
genetic variability, heritability accompanied wigenetic advance as percentage of
mean, fruit length, vine length, fruit number pé&mey days to first fruit harvest, node
number per vine, primary branches per vine wouldrafcope for selection in breeding

for high fruit yield in bitter gourd.

A field study conducted by Pornsuriya al. (2011) showed that high
phenotypic coefficient of variation in fruit weighhd seeds per fruit and low variation
in several traits like petiole length, petal widthboth staminate and pistilate flower,

fruit width, fruit length and fruit petiole length bitter gourd.



A genetic variability study in bitteogrd by Singhet al. (2012), exhibited
maximum phenotypic coefficient of variability in miber of fruits per plant. All the
characters showed high heritability except aver&ige weight which indicated
moderate heritability. Fruit length followed by ifrdiameter showed high heritability

in broad sense as well as genetic advance in peotenean.

Ullah eal. (2012) reported that genotypic coefficient of adion (GCV) and
phenotypic coefficient of variation (PCV) were hifgin yield per plant, fruits per plant,
fruit weight and fruit length. Broad sense herili&pestimates for various traits ranged
from 42.26 to 89.55%.

Chakrabortyet al. (2013) observed that, high genotypic coefficierit o
variations and phenotypic coefficient of variatismadues for characters like fruit yield
per vine, fruit weight, number of seeds per friritjt length, seed weight per fruit and
number of fruits per vine in bitter gourd. High i@bility coupled with high genetic

advance was observed for total fruit yield per vine

According to Dalamu and Behera (201138, higher genotypic coefficient of
variance along with high heritability and genetitvance for number of fruits per plant
and fruit weight would also be of great use foriiact selection for improvement in

fruit yield per plant in bitter gourd, which thegported from a field experiment.

In a genetic variability study in 26cassions of bitter gourd genotypes, Gupta
et al. (2013) found that the estimates of heritabiligsAighest (97.0%) for number of
branches per plant and lowest (21.0%) for numifedays to first picking. High
heritability value was associated with the valuehigfh genetic gain for number of
branches per plant followed by fruit size. High egi@d genetic advance were recorded
for characters fruit yield per hectare (47.82)itfsize (34.12) and average fruit weight
(20.56). The genotypic coefficient of variation waghest for number of branches per
plant (35.91%) followed by fruit size (28.93%). Tppleenotypic coefficient of variation
was highest (36.46%) for number of branches pet pddlowed by fruit yield per plant
(36.06%). However, the lowest phenotypic coeffitiehvariation was exhibited by
number of days to first picking (5.64%).

Radhararmt al. (2013) reported the moderate heritability for fn@mof fruits
per vine, average fruit weight, fruit girth, numhadrseeds per fruit, days to first male
9



and female flower appearance suggesting selecteihads for improvement of these
characters and low heritability for fruit lengthapt height, number of laterals per vine,
node number at first male and female flower appearasex ratio, pulp thickness and
fruit length in bitter gourd indicated that theskarkacters were more prone to

environmental fluctuations.

Genetic variability study in bitteowyd by Yadawt al. (2013) revealed that
the highest range of variation was recorded fotd{a, followed by fruit weight,
number of nodes per vine, days to first appearafidemale flower, days to first
appearance of male flower, fruit length and minimuamniation was observed for the
trait yield per vine. Further the study indicataghhheritability for the characters like
fruit length, fruit width, days to first appearanaiefemale flower and number of fruits
per vine. The highest genetic advance as per ¢enéan was obtained for fruit length
followed by yield/ha and yield per vine. High habtlity estimates coupled with high
expected genetic advance as per cent of mean weesved for fruit length, number
of fruits per vine, and fruit width. On the otheard, high values of heritability
associated with low genetic advance as per cemieai were observed for fruit width,

days to first appearance of female flower.

Variability among eight horticulturaharacters of twenty bitter gourd hybrids
was studied by Pathak al. (2014). High genotypic (GCV) and phenotypic coeéit
of variation (PCV) was observed for number of syser plant, fruit weight and fruit
length whereas low GCV and PCV was observed fos dayfirst male and female
flower anthesis (days after sowing). For most efparameters under study, PCV was
found to be higher than GCV. High heritability witigh genetic advance (GA) was
observed for fruit weight, fruit length and numloérdruits per plant. High heritability
with low genetic advance was observed for daysdbrhale and female flower anthesis

and days to marketable maturity from anthesis.

The nature and magnitude of genetierdity were estimated in 25 bitter gourd
genotypes on 10 quantitative traits during the semseason by Singdt al. (2014).
The results indicated that high phenotypic and tgno coefficients of variation were
found for fresh fruit yield per plant followed byuit length, fruit width and number of
fruits per plant, indicating high genetic variatyilin these traits. High heritability
coupled with high genetic advance as percent olnmas observed for fruit length,
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yield per plant, fruit diameter, fruit weight, bidn per plant and seeds per fruit,

indicating the possible role of additive gene attio

A study was conducted to calculate genariability, heritability and genetic
advance for yield and its 11 contributing traitS8ihbitter gourd genotypes by Singh
al. (2015). From this study it was found that, ANOV@&presents highly significant
treatment differences for all the traits represeninherent genetic difference among
the genotypes. PCV and GCV were found to be higbestuit yield per plant followed
by number of fruit per plant. Highest heritabiliyd genetic advance in per cent of
mean was estimated for number of fruit per platib¥eed by fruit length suggesting

predominance of additive and non-additive geneacti

Other cucurbits

From a variability study in sweet gouBdnwalet al. (2007) observed that the
phenotypic coefficient of variation (PCV) were imdiually higher than their
corresponding genotypic coefficient of variationd@). High heritability coupled with
high genetic advance observed for fruit yield pany number of fruits per plant and
days to flowering, however, high heritability acqmanied with low genetic advance

values were observed for fruit length, average fuaight.

Pandewgt al. (2009) found that high phenotypic and genotypiefioient of
variation was observed for fruit weight and yiekt plant in snap melon.

A variability study conducted in bettjourd by Pandgt al. (2009) revealed
considerable variability in all the traits excenpiif per plant. The moderate genotypic
coefficient of variation and genetic advance intflength and fruit weight indicate the
probable likelihood of additive gene action. Theggested that correlation between
both genotypes and phenotypes indicate the ovegidnportance of fruit length and
fruit width in determining the average fruit weighthich in turn adequately describes

the increase in fruit yield per plant in this crop.

Hossaiet al. (2010) conducted a variability study of 58 loggé of cucumber
accessions. Wide variability was found for the plenaracteristics of days to seed
germination, vine length harvest, petiole lengthd aield contributing characters

namely, days to first male and female floweringmiver of fruits per plant, average
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fruit weight, fruit length and fruit diameter. Theghest GVC was recorded in yield per
plant (42.75%) where number of fruits per plant.4386), fruit length (27.57%),
number of lateral shoots (24.19%), average fruiighte (22.14%),petiole length
(16.10%), node order at which male and female ffospened (13.28% and 12.62%)
were recorded. Among the long type cucumber acmessiCSL51 gave the highest
yield per plant (2.69kg).

Khuleet al. (2011 reported that high magnitude of genotypic and phgno
variance for all the charactenz., days to appear first male flower, days to apfiestr
female flower, node umber at which first femalewibs appear, number of fruit per
plant, fruit weight, fruit length, fruit diametenumber of seeds per fruit, 100-seed

weight, and marketable fruit yield per plant in sge gourd.

An experiment conducted in cucumber BeNaet al. (2012) consisting of
thirty-eight advanced lines for variability, hebthty and genetic advance for yield and
contributing traits and reported that genotypicficient of variation and phenotypic
coefficient of variation were highest for nodeiedtffemale flower appearance followed
by node at first male flower appearance, yield glant, seed cavity breadth, average
fruit weight and number of fruits per plant. Higértiability and high estimated genetic
advance over mean were observed for nodes per(8$d3), node at first female
flower appearance (82.17), days to first femalevéio opening (83.72), days to first
male flower opening (92.63), days to first harvy@3.04), number of fruits per plant
(85.78), fruit length (88.92), fruit breadth (86)9%eed cavity length (85.97), seed
cavity breadth (85.09), number of seeds per fAbt17) and 100 seed weight (93.10).

Akteret al. (2013) found significant variations among the ggpes for most of
the characters studied in pumpkin. Further, highotygic coefficient of variation and
high heritability coupled with high genetic advarcger cent of mean were observed
for number of seeds per fruit, fruit yield per dlaflesh thickness, number of male

flowers per plant and number of female flowersant.

In an investigation conducted by Devi &tariappan (2013) in snake gourd
recorded higher values of phenotypic coefficientariation and genotypic coefficient
variation for fruit length, fruit weight and numbafrfruits per plant. They also observed

high heritability along with high genetic advance fruit length, fruit yield, fruit girth
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and number of fruits per plant in snake gourd winsdhdicative of additive gene action

in control of these traits.

Dubet al. (2013) reported wide genetic variability among #lteessions in
ridge gourd. The genotypic coefficient of variatemd heritability estimates were high
in days to 50% germination, vine length, fruit lémgnd fruit yield per plant. However,
genotypic coefficient of variation and heritabiligstimates were low in number of

branches per plant and fruit weight.

Kumaget al. (2013) observed the significant variations foitlad characters in
all the genotypes of sponge gourd used in the ewrpet. Highest genotypic and
phenotypic variations were observed for total yipét vine followed by number of

seeds per fruit, average weight of fruits and tetdlible solids.

Fifty-two cucumberCucumis sativus L.) genotypes were evaluated for
genetic variability, heritability and genetic adeanby Basavarajeshwad al.
(2014) and they reported that variance due to ggrest was highly significant
(p=0.01) for average fruit weight (g), length ofiifr(cm), number of fruits per vine
(9), flesh thickness (cm), number of seeds pett fand hundred seed weight (g).
Moderate to high genotypic coefficient of variatiqg®CV) and phenotypic
coefficient of variation (PCV) was observed for ren of fruits per plant and fruit
yield per vine. High heritability coupled with higienetic advance over mean was
observed for number of fruits per vine, fruit yigddr vine (g) and number of seeds
per fruit. High heritability with low genetic advea over mean was observed for

length of fruit and flesh thickness.

Choudhuret al. (2014) concluded from a variability study that thet length
had the highest heritability (93.5%) followed bydeoat which first hermaphrodite
flower appeared (78.0%) in ridge gourd.

Jatet al. (2014) reported that the maximum phenotypic andotygic
coefficient (PCV and GCV) for acidity of fruit (2% and 28.73) followed by weight
of fruit (24.06 and 24.99), total fruit yield peme (24.04 and 25.07), rind thickness
(22.29 and 24.46) and total soluble solids (20r821..03) in cucumber. Further, high
estimates of heritability (broad sense) were olesfar days to anthesis of first female
flower (96.66 per cent), weight of fruit (92.67 pent) and diameter of fruit (92.51 per
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cent) with high genetic advance. The maximum gergain in per cent was observed
for acidity of fruit (54.06), weight of fruit (471j and total yield per vine (47.49) among
the evaluated lines.

In pumpkin, Muralidhart al. (2014) reported that high heritability coupled
with high genetic advance percent as mean for tiaeacters like per cent fruit set,
carotene content, days to 50 per cent female flogedays to first male and female
flower flowering. Further, TSS, pulp thickness, gdiof fruit and weight of seeds per
fruit recorded high heritability coupled with higienetic advance under study.

Munawaret al. (2015) found that considerable genetic variabidtyong
genotypes for all traits in tinda gourd. High haitity coupled with low genetic
advance for leaf area, fruit length, fruit diametarmber of vines per plant, number of
fruit per plant, and fruit yield. Fruit weight hadiditive gene action as indicated by

high heritability and genetic advance.
2.5. Character Associaton (Correlation)

Correlation coefficient is a statisticmeasure which is used to find out the size
and direction of relationship between two or moagiables. Correlation coefficient

measures the degree of association either in pesiti negative direction.

Phenotypic correlation is the obsblwacorrelation between two variables.
Genotypic correlation, on the other hand, is inheassociation between two variables;
it may be either due to pleiotropic action of getiakage or both or due to
developmentally induced relationships. Correlatians helpful to ascertain the real
components of yield which is a complex charactem& of the works done in bitter

gourd as well as in other cucurbits are reviewddvbe
Character associations in bitter gourd

An investigation was conducted to fond the correlation and path coefficient
effects in bitter gourd by Mangat al. (1983). They reported that the fruit yield per
plant was positively and significantly correlatedhammumber of fruits and weight of
fruit but negative correlation with days to flowsgi
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From a correlation study on bitteugh Parhiet al. (1995) recorded positive
significant correlations of yield/plant with fruiteight, fruit length, number of seeds

per fruit, vine length and days to first harvest.

Studies carried out by Rajeutl. (1996) on correlation on 21 genotypes of
bitter gourd indicated that fruit yield/vine wassitovely correlated with number of
fruits/vine, average fruit weight, fruit length,rpentage fruit set, vine length and leaf
area/vine. Fruit yield/vine was negatively correthtwith number of days to first
harvest, both at genotypic and phenotypic levels.

Sharma and Bhutani (2001) found sigaift positive correlations for total
chlorophyll content, first female flowering nodedafnuit length with fruits per plant;
fruit length and fruit diameter with average fruieight; fruits per plant and average
fruit weight with total fruit yield per plant in tier gourd.

Correlation for yield and qualityitsawere conducted by Bhaeeal. (2003)
by using 15 Flines obtained from crosses involving 6 bitter gbaultivars (Konkan
Tara, Pusa Vishesh, Colong, Arka Harit, RHR 4-1 Bngla). At the phenotypic and
genotypic levels, it was found that fruit yield pene was positively correlated with
flowering duration, harvesting span, fruit lengfiyit breadth, fruit rind thickness,
number of fruits per vine, average fruit weighglbgical yield, dry matter and harvest

index, and negatively correlated with days to filstvering.

Deyet al. (2005) observed that fruit yield per vine had lhygpositive
association with fruit weight followed by fruits pplant, flesh thickness, days to fruit
set to maturity, fruit index, fruit length and fraiiameter. Traits like number of male
flowers per plant, ascorbic acid and total caro@soontent, days to first male flower,
days to first female flower and node number ot fiesnale flower appearance exhibited

negative correlation with yield.

A correlation study conducted by Kun&hral. (2008) revealed that fruit yield
was positively correlated with number of fruits pene, average fruit weight and

number of nodes per vine in bitter gourd.

Yadaet al. (2008) studied correlation coefficient analysi£B genotypes of

bitter gourd and reported that the vine length sigdificant and positive correlation
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with days to first appearance of male flower, feffective node, fruit weight, number
of fruit per vine, number of fruits per plot, yigber plot, yield and significant negative
correlation with days to first appearance of fenflaeer and vitamin C. The inter node
length showed significant and positive correlatioth days to first appearance of male
flower and significant negative correlation withuifrlength and fruit weight. Days to
first appearance of male flower exhibited significpositive correlation with number
of fruits per plot and significant negative cortaa with fruit length and fruit width.
Further, days to first appearance of female flowezorded significant negative
correlation with fruit length, fruit width, fruit ®ight, number of fruit per vine, yield
per vine and yield per plot. The first effectivedeoshowed significant and negative
correlation with vitamin C, fruit length and fruwidth. The fruit length showed
significant positive correlation with fruit widtmd significant positive correlation with
number of fruit per plot. The fruit width recordsanificant and positive correlation
with number of fruit per plot. The fruit weight ha@ynificant negative correlation with
number of fruits per plot, yield per vine and yigldr plot. The number of fruits per
vine exhibited significant and positive correlatiwith yield per plot.

In a correlation study in bitter gduslamet al. (2009), observed that yield

per plant had high positive and significant assamawith number of nodes per vine.

Twenty genotypes of bitter goukdiofnordica charantia L.) were evaluated by
Sundaram (2010) for fourteen biometric traits unskdine sodic soil condition. The
trait viz., number of female flowers per vine, number oitfrper vine, vine length and
fruit weight had recorded significant positive agation with yield. The maximum
positive correlation was observed between numbefemiale flowers per vine and
number of fruits per vine. Sex ratio of male to &enflower has shown significant
negative association with yield and it had recortledmaximum negative correlation

with the number of female flowers per vine.

From a correlation study carried outdigghet al. (2012) in bitter gourd, it
was reported that fruit yield per plant was posiyvand significantly correlated with
number of fruits per plant and fruits yield per nglavas positively and directly

associated with number of fruits per plant at plgpio as well as genotypic level.
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Chakrabortyet al. (2013) found significant positive association wfiff yield
per vine with vine length, number of primary braestper vine, fruit weight, fruit
length, flesh thickness, number of seeds per &md seed weight per fruit in bitter
gourd.

Correaltion studies on 50 indigenoud arotic genotypes of bitter gourd by
Dalamu and Behera (2013) indicated that ovary lerfgiit L: D ratio, fruit weight and
number of fruits/plant were positively correlatedhayield/plant.

A study conducted to assess genatiability and correlation in 26 accessions
of bitter gourd genotypes by Gupth al. (2013) revealed the highest genotypic
correlation coefficient between fruit yield per &ad number of marketable fruits per
vine (0.684) followed by between number of day$irsi picking and number of days
to first female flower appearance (0.627).

Correlation study for different chaeas in thirteen diverse genotypes of bitter
gourd was conducted by Yadetval. (2013). The results revealed that vine length had
significant and positive correlation with numbernafdes per vine, inter nodal length,
fruit width and number of fruit per vine. Number fimary branches per vine had
significant and negative correlation with intermbéEngth and significant positive
correlation with fruit length. Number of nodes peme had negative and significant
correlation with days to first appearance of md@vér. Significant and negative
correlation for inter nodal length was found withyd to first appearance of female flower
and fruit length. Days to first appearance of nflal@er showed significant and negative
correlation with number of fruits per vine. Sigo#hnt and positive correlation for first
effective node was recorded with fruit length. Emueight had highly significant and
positive correlation with yield per vine. Signifidaand positive correlation for number of

fruits per vine was recorded with yield per vine.

Correlation analysis by Pathetkal. (2014) revealed that days taken to
marketable maturity showed non significant nega#igsociation whereas number of
fruits per plant exhibited significant positive oelation for marketable yield per plant.
Fruit length showed significant high correlatiom fauit weight. Days to first female
flower anthesis, fruit weight and fruit length hamgkgative but non-significant

phenotypic and genotypic correlation whereas figlth exhibited significant negative
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correlation with yield. A strong significant pos#i correlation was observed between

days to first female flower anthesis, fruit weidintiit length and fruit width.

As per the investigation carried bytRadha Rangt al.(2014), fruit length,
number of fruits/vine, vine length, number of lalefvine and average fruit weight
were identified as major characters contributing yield as these traits were
significantly and positively associated with yieldde. A significant negative
correlation of yield was observed with days totfirsle and female flower appeared,
node number at which first male and female flowspeared and sex ratio.

The experiment carried out by Simgjlal. (2014) revealed that fruit weight,
fruit length, fruit diameter and plant height hanasitive correlation with fruit yield per
plant.

According to Singét al. (2015) in a correlation study it was reported that
yield per plant had highly significant and positagsociation with number of fruit per
plant followed by average fruit weight and negdinassociated with node number to

anthesis of first pistillate flower at genotypiwéd.
Other cucurbits

Sanwakt al. (2007) found that fruit yield per plant positiveand highly
significantly correlated with number of fruits ggant (0. 988), fruit length (0.575) and

average fruit weight (0.478) in sweet gourd.

Pandewt al. (2009) reported that fruit yield had positive asignificant
correlation with fruit weight, polar and equatorieircumference of fruit at both
phenotypic and genotypic level and with days tstfiemale flower anthesis at
genotypic level. Fruit weight, polar and equatod@tumference of fruit had positive

correlation coefficient among themselves in snajpme

The correlation co-efficient study &8 long type cucumber accessions by
Hossainet al. (2010) revealed that, yield per plant had highdgitive and significant
association with fruit length and diameter, averaageg weight and number of fruits
per plant
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Resmi and Srelathakumary (2012) okeskrthat fruit length, fruit girth,
average fruit weight, seeds per fruit and 1000-seeight had positive and significant

correlation with fruit yield in ash gourd.

Akteret al. (2013) observed in pumpkin that correlation cagft between
fruit yield per plant was positive and highly sifyceint with number of primary
branches, number of fruits per plant and singla fmeight. On the other hand, days to
first female flower, number of male flowers per mlashowed positive and non

significant correlation with fruit yield per plant.

Dubet al. (2013) observed that vine length, fruit lengthpoer of fruits
per plant and fruit weight had a significant (P .® @) positive correlation with fruit

yield per plant in ridge gourd.

Kumaeet al. (2013 reported that the total fruit yield per vine wassipoely
and significantly correlated with number of fryitsr vine, average weight of fruit and

number of seeds per fruit in sponge gourd.

Correlation and path analysis studuwese carried out by Shivanandaal.
(2013)on 19 growth paremetendz., earliness, yield and quality traits in 57 genotypes
of pumpkin Cucurbita spp.). They observed highest significant posits®oaiation of
fruit yield per vine with average fruit weight folved by vine length, number of leaves
per vine, number of seeds per fruit, length oftfriruit cavity size, leaf size, hundred
seed weight, fruit flesh thickness, number of priynaranches per vine, total soluble

solids, number of fruits per vine and circumferentéuit.

Choudhurgt al. (2014) found significant positive correlation betm fruit
yield per plant and fruit weight (0.877), numberfrfits per cluster (0.590) and fruit
length (0.356) at phenotypic level. Significantlggative correlation at phenotypic
level was observed between fruit yield per plamt days to first fruit harvest (-0.403),
days to first hermaphrodite flower (-0.337) and eat which first hermaphrodite
flower appeared (-0.315) in ridge gourd.

A field experiment conducted by Raddial. (2014) in snake gourd revealed
that marketable fruit yield per plant exhibit sificant positive correlation with number

of fruits per plant and fruit length. In generagngtypic correlation coefficient was
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higher than the corresponding phenotypic correfatioefficient suggesting that the
environmental influence reduces the relationshigvben yield and yield contributing

characters of snake gourd.

Janaranjani and Kanthaswamy (2015) reportedfithiatyield was positively
and significantly correlated with fruit flesh thiogss, number of fruits per vine and

number of fruit pickings in bottle gourd.

Munawaet al. (2015) observed that fruit length, fruit diamefteujt weight,
and number of fruit per plant had a strong posiagsociation with fruit yield and
numbers of vines per plant was negatively corrdlaté&h yield at genotypic and

phenotypic levels in tinda gourd.

Muralidharat al. (2014) reported that yield characters like frugight and rind
thickness showed positive and highly significansoagation with fruit yield in
pumpkin. A negative relationship has been obsebetdeen fruit yield and number of
days to first female flowering. The associatiomamber of fruits per vine with fruit
weight was negative and significant. This made earcindication that increase in
number of fruits per vine would indirectly affebettotal yield which is more dependent

on fruit weight.
2.6 Path Analysis

Wright (1921) defined the path coméint technique as the ratio of the
standard deviation of the effect of the total seaddleviation, which all the causes are
constant except that one in question, the varigbdf which kept unchanged. The
concept of path coefficient analysis was origindigyeloped by Wright (1921), but the
technique was first used for plant selection by Bgwand Lu (1959). Path coefficient
is the measure of direct influence of one varialg@n another which permits the
separation of correlation coefficient into companeidirect and indirect effects. The

use of path coefficient analysis requires a canseeffect situation among variables.

Information on correlation and patteffcient may be advantageously used
for the identification of characters which are ws$ehdices for consideration in the
improvement of yield. Some of the works done irtdoigourd as well as in other

cucurbits are reviewed below.
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Path analysis in bitter gourd

A study involving 21 genotypes of bitter gourd aréhjape and Rajput (1995)
revealed that the fruit weight had maximum diregaiing on yield. However, vine
length, primary branches, nodes on main axis, &eh, fruit length, number of

fruits/vine and seed content indirectly contributedards yield.

In an experiment conducted by Rajguél. (1996) strong positive direct
effects on yield were observed for dry matter/varel percentage fruit set. Direct
negative effects on yield were observed for daygsbfemale flower appearance and

days to first harvest.

An investigation was carried out byaBha and Bhutani (2001) using five
parent half diallels along with the parents, areghth analysis indicated that fruits per
plant had the highest direct contribution towardsdy followed by fruit length and
fruit diameter, while vine length had the highesdirect contribution towards vyield,
followed by inter node length, average fruit wejghait diameter and fruit length via

number of fruits per plant.

Path analysis study by Bhawt al. (2003) revealed that harvesting span,
number of leaves per vine, fruit length, averagd fveight, number of seeds per fruit,
number of fruits per vine, biological yield and ke®y quality had direct positive

effects on fruit yield, whereas fruit length hadgwe and indirect effects on fruit yield.

From a path analysis study Begl. (2005) reported that fruit weight, number
of fruits per plant and node number to first femtidever appearance may be most
dependable and reliable criteria for selectionifigproving yield of cultivars in bitter

gourd.

According to Singtt al. (2008) from a path analysis study in bitter goting,
direct effect of primary vine numbers per plantfant yield was positive (0.35) and
indirect positive effect on yield of fruit via nurabof days to anthesis of first flower,
length of fruit and length of vines in bitter gouithe direct effect of length of vine
(cm) on fruit yield was negative (0.75) and genatygorrelation coefficient was also

found to be negative (-0.06) but non-significant.
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Path coefficient analysis study condddy Islamet al. (2009) revealed that
number of fruit per plant followed by vine lengtachthe maximum direct contribution

towards yield per plant in bitter gourd.

The path coefficient analysis conddcby Sundaram (2010) under saline
sodic soil condition revealed that the highest fpasidirect effect on yield by number
of fruits per vine, while the highest negative direffect on yield was recorded by
number of female flowers per vine. Further the nendf female flowers produced per
vine had exerted the maximum indirect positiveaft yield through number of fruits

per vine, was reported by him.

Chakrabortgt al. (2013) reported that the largest direct effecfrait yield
per vine was through traits like number of fruits pine followed by fruit weight at
phenotypic level in bitter gourd.

Dalamu and Behera (2013) conductetlidyson path coefficient analysis in
50 indigenous and exotic bitter gourd genotypes egpubrted that number of
fruits/plant, fruit weight, ovary length and frdit D ratio had high phenotypic and
genotypic direct effects on yield/plant.

Genotypic path coefficient analysis stubnducted by Yadaet al.(2013),
reported highest positive direct effect for yiekr wine, followed by number of fruits
per vine, fruit weight, days to first appearancenwle flower, number of nodes per
vine, vine length with the dependent variable yipt hectare. On the other hand
negative and direct effect was observed for theaater fruit width, fruit length, first
effective node, days to first appearance of ferflaleer, intermodal length and number

of primary branches per vine with the dependenabée yield per hectare.

Path coefficient analysis by Patletial. (2014) revealed that fruit number
followed by fruit weight, days to first male flowanthesis, days to first female flower
anthesis and fruit length exhibited maximum positirect effect on fruit yield. Days
to first male flower anthesis exhibited negativéeetf on yield. Phenotypic path
coefficient showed positive direct effect of frigihgth and days to marketable maturity on
yield whereas genotypic path coefficient had negatlirect effect. Fruit weight, fruit

length and days to first female flower anthestsaigh, exhibited high positive direct effect
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upon yield but negative correlation because ofa@utlieffect by means of other characters.

The fruit weight showed more negative indirecteffea fruit length.

The path analysis study conducteddgha Raret al. (2014) exhibited that most
of the characters indirectly influenced the yidlcbtigh number of fruits/vine, average fruit
weight and fruit length towards the favourable cti which had positive direct effect on
yield/vine, suggesting that emphasis must be goremacters having high direct effect,
while exercising selection to improve the yieldifer gourd.

According to a study on genetic amatture and path analysis in bitter gourd
by Singhet al. (2014), it was reported that plant height had tigiaést positive direct

effect on fruit yield.

Singhet al. (2015) conducted a path analysis study for yestdl its 11
contributing traits in 32 bitter gourd genotypesd &und that maximum positive direct
effect value was observed on fruit yield per playpnumber of fruit per plant followed
by average fruit weight while maximum negative direffect value on fruit yield per
plant contributed by node number to anthesis st Btaminate flower at genotypic

level.

Other cucurbits

Dorat al. (2002 observed that the number of branches per plaaeter of
fruit, fruit length and days taken from fruit seairketable maturity had weak positive
and direct effect with fruit yield. A positive doeand negative effect with fruit yield
was observed in days taken for appearance offémiale flowers weight of fruit and

number of nodes per plant in pointed gourd.

From a path analysis study in sweet gourd, Saetal (2007) observed that
the number of fruits per plant, average fruit weighd fruit length exercised maximum

direct effect on fruit yield.

Pandest al. (2009) reported high and positive direct effecy®ld was exerted
by number of fruits per plant followed by fruit vghit, polar and equatorial
circumference of fruit, days to first male flowerthesis and node at which first female

flower appears in snap melon.
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Path analysis study in cucumber by Hoseaal. (2010) showed that the fruit
length and fruit diameter, average fruit weight annber of fruits per plant directly

contributed towards the yield per plant in the loyyge cucumber.

In ash gourd path analysis stoolyducted by Resmi and Srelathakumary
(2012) revealed that fruit length, average fruitigh¢ and fruits per plant had the

positive direct effect on fruit yield.

Akteret al. (2013) reported that the maximum direct contributmvards fruit
yield was obtained through number of fruits penplallowed by days to first female
flower and single fruit weight suggesting that #hegaits should be considered as
primary components of fruit yield in pumpkin. Neigat direct effect on yield was

exerted by number of female flowers per plant, caulyisugar and brix content.

A path analysis study conducted byw&uet al. (2013) revealed that the
number of fruits per plant and fruit weight had thghest positive direct effect on fruit

yield per plant in ridge gourd.

According to a study in pumpkin by Simandaet al. (2013), number of fruits
per vine and average fruit weight had high positirect effect indicating their true

positive and significant association with yield.

Choudhurgt al. (2014) observed that the maximum direct and deleira
effect on fruit yield per plant was exerted by frlangth (0.850), number of fruits
(0.334), days to first fruit harvest (-0.019) amdia at which first hermaphrodite flower
appeared (-0.057) at phenotypic level in ridge dour

Path coefficient analysis study ih geurd conducted by Dewahal. (2014),
exhibited that the number of fruits per plant angrage weight of fruit directly
contributed to the yield of ash gourd accessiors the flesh thickness indirectly

effected yield.

Muralidhaet al. (2014) reported that the characters like vingtlennumber
of branches, days to first female flowering, daysiitst harvest, number of fruits per
plant, weight of fruit and TSS were most importeharacters which had positive and

direct effect on fruit yield in pumpkin. Furthehet direct effects of number of leaves,
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days to first male flower flowering, sex ratio, dag 50 per cent female flowering and

fruit set per cent were negative in their assammtith fruit yield.

Janaranjani and Kanthaswamy (20189enved that number of fruits per vine,
days to first female flower opening, fruit cavitpdafruit weight had positive direct

effect on fruit yield in bottle gourd.

According to a path analysis studyimada gourd by Munawaat al. (2015), it
was reported that fruit weight had the most diefétct on yield, followed by fruit

diameter and stem diameter.

2.7 Genetic divergence

Selection of genetically divergent efigs is important in the exploitation of
heterosis and in the development of transgres&gesgates for an efficient breeding
programme. The information regarding the nature rmagnitude of genetic distance
among the genotypes will help the breeder chodsieguitable diverse combinations.
Some of the salient research findings on bitterd@s well as other related cucurbits
are presented below.

Genetic divergence in bitter gourd

Genetic divergence among forty genesypf bitter gourd of different eco
geographic origin was assessed by Katyl. (2005) using Mahalonobis' 3tatistics.
The total genotypes were grouped into 10 clustarsimilarities of 3 values. The
characters like number of leaves at 50% flowering @roductive length of vine

contributed maximum to divergence.

Deyet al. (2007) conducted a genetic divergence study img88 bitter gourd
genotypes including two promising gynoecious lifeesl7 characters and grouped the
genotypes into six clusters irrespective of gedgi@mivergence, indicating no
parallelism between geographic and genetic diwersiiuster IV was very large
containing 17 genotypes including some of the cororakty released cultivars, while
cluster IV was represented by two gynoecious linEse maximum inter-cluster
distance was obtained between cluster Il and IMenhinimum distance was between
Il and VI. Cluster IV followed by cluster Il showlesuperiority for yield and other

desirable traits, which indicate the potentialifytttese diverse genotype collection for
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providing basic material for future breeding pragnaes as most of the commercially

released cultivars were represented in cluster .

In a genetic diversity study in 22ngiy/pes in bitter gourd collected from
different geographical locations by Sunderam (200&)orted the presence of wide
genetic diversity. Among the fourteen quantitattbaracters studied, individual fruit
weight constituted a maximum of 26.83 per cenhtdivergence, followed by yield

of fruits per vine and length of fruit.

From a genetic divergence study ttebigourd, Islanet al. (2009) observed
that the cluster Il had highest mean value for Wegr fruit. The inter cluster distances
were much higher than the intra cluster distanCésster | exhibited the highest intra
cluster distance while the lowest distance wasmksen cluster IIl. The highest inter
cluster distance was observed between | and llevth# lowest distance was observed
between the cluster Il and IV. The highest intiagstér means for weight per fruit and

five important yield contributing characters wetdained from cluster II.

Kundiet al. (2012) studied genetic divergence among 36 geestyf bitter
gourd (Momordica charantia L.). By using multivariate analysis based on 22
characters, 36 genotypes were grouped into spbamtistlusters. Days to first male
flower opening, number of primary branches per yvinagt yield per vine, days to green
fruit maturity, seed weight per fruit mature seeudlttv had the highest contribution
towards the divergence. Cluster diagram exhibited the genotypes include in the
cluster Il were far diverse from the genotypeschfster IV while the genotypes

belonging to the cluster Il and VI were least doest.

In a genetic divergence study in 38eb gourd genotypes for twenty
characters, Resmi and Sreelathakumary (2012) gdailyeegenotypes into five clusters
irrespective of geographic divergence, indicatimgparallelism between geographic
and genetic diversity. Cluster-1 was the largeshposing 11 genotypes, followed by
Clusters-IIl and V with 10 genotypes each. Clusteand IV comprised one genotype
each. As regards cluster means, Clusters-Il angdMormed better in most of the
biometric characters studied. Maximum inter-clugistance was observed in Clusters-
Il and 1V, followed by Clusters-II and Ill, andudters-I and V. Intra-cluster distance

was highest in Cluster I.
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A study was conducted by Singhal. (2013), to evaluate the nature and
magnitude of genetic divergence in 30 bitter gogetotypes. Results revealed the
presence of wide genetic diversity. The genotypesevgrouped into 6 clusters based
on Mahalonobis’ B statistics using Tocher's method. The clusteriagtepn of
genotypes revealed that the genetic diversity wdependent of the geographical
diversity. Among the 12 quantitative charactersdigtd, individual fruit weight
contributed a maximum of 64.14% to the divergefadgwed by days to first female

flower appearance.

An experiment was carried out by &iefal. (2015) to analyze multivariate
analysis based on cluster and principal componEa) (for yield and its eleven
contributing traits in 32 bitter gourd genotype<liding two checksj.e. Pusa
DoMausami and Kalyanpur Sona during summer. Thstetianalysis categorized all
32 bitter gourd genotypes into 6 major clusterstréitre genetic divergence was
estimated among clusters. Average inter-clustéanee was found maximum (717.86)
between cluster V (NDBT-12) and cluster VI (NDBT}76The proportionate
contribution of fruit weight and fruit length towds genetic divergence was 74 and
13%, respectively. Highest cluster mean valuedriats/ plant, fruit weight (g) and
fruit yield/plant (kg) was found in cluster V folled by cluster Il. Principal component
analysis revealed that first six principal compdegi*C1, PC2, PC3, PC4, PC5 and
PC 6) accounted for 83.19% of the total variatiitt the proportionate contribution
values of 23.88, 16.81, 13.28, 11.23, 9.38 and%,G&spectively. The first PC has
positive association with node number to anthesigsst staminate flower and days to
first fruit harvest, while negative associationiwfituit weight (g), fruits/ plant and fruit
yield/ plant (kg).

Other cucurbits

Sanwadt al. (2007) reported that the genotypes under studg geruped into
six cluster in sweet gourd and the maximum interster distance was exhibited

between cluster | and IV.

Choudharyet al. (2011) conducted an investigation involving thifitye
genotypes for eight quantitative traits. Accordinghem the genotypes were grouped

into four clusters irrespective of geographic dgesrce, indicating no parallelism
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between geographic and genetic diversity. Clustewas very large containing 16
genotypes, while cluster Il was represented bgdhgenotypes. The maximum inter-
cluster distance was recorded between clusterdildnwhile minimum distance was
between cluster | and Il. Cluster IV showed sup@sidor fruit yield per plant which
indicates the potentiality of these genotypes, pling basic material for future

improvement breeding programmes of hermaphrodigergourd.

Muralidharaet al. (2014) reported that the maximum intra clustetagise
between Cluster | and Il followed by Il and V, VdaN/|. Cluster Il recorded highest
mean values for number of leaves, number branaes to first male and female
flowering, sex ratio, days to 50 percent femalev#tang, days to first harvest, number
of fruits per plant and TSS in pumpkin. Clustera¢arded highest mean values for
weight of fruits per plant, number of seeds pertfrveight of seeds per fruit, rind
thickness, carotene content and yield per planistéf | recorded least mean values for
days to first male and female flowering, days t@B€cent female flowering, weight of

fruits per plant, TSS and fruit yield per plant.
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MATERIALS AND METHODS

The present investigation entitled “VariabilitytuBlies in Bitter gourd
[Momordica charantia L.]” was carried out during kharif season of thawy2014-15 at
Department of Vegetable Science, College of Agticel Orissa University of
Agriculture and Technology, Bhubaneswar. The irigatibn was carried to study the
genetic variability, correlation, path analysis dfdanalysis of 23genotypes of bitter
gourd. The seeds of the genotypes of bitter gownd wollected from different sources.

3.1 Cropping history of the plot

Prior to the present investigation, detail inforioaton cropping history of the
experimental plot was collected & presented in €ablfor three successive years.

Table 1.Cropping history of the experimental plot

Year Kharif Rabi Summer

2011 Cowpea Cauliflower Cucumber

2012 Brinjal Broccoli Cowpea

2013 Okra Tomato Cowpea
3.2 Sall

A composite soil sample was taken from a depthSoém surface from the
experimental field before raising the crop for istigation. The sample was
subjected to laboratory analysis to determine theysggal and chemical
compositions by following various standard methddss observed that the soils
of experimental plot comes under sandy loam (Sahd4Po, Silt-14.76%, Clay-
11.76%) having pH 6.5.
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Table 2. Source of collection of 23 bitter gourd getypes

na

Code Genotypes Source of collection

Vi Green Long Hyderabad, Andhra Pradesh
Va2 Arka Harit IIHR, Bangalore

V3 Priya KAU, Kerala

V4 Pusa Domousumi IARI, New Delhi

Vs Pusa Vishesh IARI, New Delhi

Ve Pusa Asudhi IARI, New Delhi

V7 CO-1 TNAU, Coimbatore

Vg Phule Greengold MPKYV, Rahuri

Vo Meghana -1 Kumar Seeds, Odisha

V1o | Petakalara Pipili Local Collection, Odisha
Vi1 | Thusi Local Collection, Odisha

V12 | NBR Noble Katahi Noble Seeds, Karnataka

Vi3 | Improved Katahi Noble Seeds, Karnataka

V14 | Japani Green kalara Amtala Hitech, West Bengal
Vis | lIVR-2 [IVR, Varanasi

Vie | IIVR-4 [IVR, Varanasi

Viz | IIVR-5 [IVR, Varanasi

Vig | NDUAT-3 NDUAT, Faizabad

V19 | Nakhara Local Odisha

V2 | BBG-5 AICRP Vegetable project, Odisl
V21 | Hirkani MPKYV, Rahuri

V22 Samanta Goberta Green Long Al Samanta Seeds, Jajpur, Odisha

Season
V23 | High Tech Meghana-2 Cuttack, Odisha
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Fig 1. Field view of the experimental field of biter gourd
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Fig 2 Some of the bitter gourd genotypes
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CO-1 THUSI

IIVR-5 GREEN LONG

(L

NBR NOBLE KATAHI PETA KALARA MEGHANA-1
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3.3  Geographical location of the experimental site

Bhubaneswar is located at latitude of 26' N & 8% 52' East longitude. It is
about 60kms away from Bay of Bengal at an altitoafi@5.5 meter above mean sea
level (MSL).

3.4 Climate

The experimental site comes under the eighteenthr@gnatic region of the
country i.e. Eastern Coastal Plain and is termesulshumid characterized by warm

moist climate with mild winter.

The average annual rainfall of Bhubaneswar is 156ZBased on average of
preceding 10 years). Most of the rainfall i.e. 88%eceived from July to September.
The rainfall code of the place is Bz (B1A2B1) CiD1E.. The average temperature varies
from 14c in winter to 48c in summer & relative humidity varies between 4®0%

from June to December.

Monthly average meteorological data during cropmegson was recorded at
meteorological Observatory of Orissa University Adriculture and Technology

Bhubaneswar in Table-1

Table 3. Meteorological data collected during thexperimental period (July
2014-Nov 2014)
Temperature®C) | Rainfall(lmm) | Relative Humidity (%)
. Bright
Month Rainfall N?' V\(/e\ﬁ)nc?t sunshing
Max | Min |Mean | amal) © morning [afternoon| mean Y| hour
Inmm |rainy
days
;8& 31.55| 24.75| 28.15/291.900 19 92.75 81.25| 87.00 5.57 2.57
Azugfj‘ 32.13| 24.70| 28.42| 53.725| 21 | 92.75| 79.25| 86.0p 5.35 | 3.38
Sept
2014 31.88| 24.40| 28.14| 100.58| 20 95.20 80.00| 87.6D 3.98 4.26
2%?4 32.90| 23.40| 28.15| 40.525| 8 93.50 64.75| 79.18 3.20 6.55
;0054 30.80| 19.10| 24.95| 0.200 0 89.60 49.60| 69.60 2.54 6.60
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3.5 Experimental details:

0] Design of Layout : Randeed Block Design (RBD)
(i) Number of Treatments 123
(i)  Number of Replication 03
(iv)  Total no. of plots 1 69
(v) Spacing
a) Row to Row :2m
b) Hill to hill :1m
(vi)  Number of plants per pit 03
(vii)  Number of pits per plot 14
(viii)  Number of plants per plot 112
(ix)  Total number of plants : 828

3.5.1 Field operation and Crop raising

Prior to the commencement & #xperiment, the field was ploughed
thoroughly and leveled properly. Then pits of 6Qdiameter and 60cm deep were dug
and pit soil was mixed with well decomposed farnrdyananure at the rate of
thoroughly. Seeds are soaked in water over nigbbtain better germination. The seed
sowing was done on 23July 2014 in each pit at a depth of 2 to 3 cmhtigrigation

was given with rose cane for the first time in migehd.

A fertilizer dose of 80 kg N, 60kgPs and 60 kg KO per ha were applied. The
total amount of phosphorous with 25 kg of nitrogen 30 kg of potash were applied
as basal at the time of pit preparation and remagifertilizers were applied in two top
dressings , as 30kg of nitrogen along with %2 oapbtafter one month of seeding and

remaining nitrogen was applied at 20 days aftet fop dressing.

After emergence, the plants were thinned to thezgp, taking care of uniform
growth and vigour of plants. Hoeing, weeding andh#ag up were done at periodic
interval. Manually hoeing followed by weeding, tg@ssing and earthing up were done

followed by irrigation at 25 and 45 days after sogvi Adequate plant protection
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measures like spraying of Ekalux, Carbaryl and khéden for the control of epilachna

beetle and fruit borer were carried out at reguitarval to raise the crop successfully.

3.5.2 Biometric observations

3.5.3 Sampling Technique

Observations on various biometric characters werorded by selecting
randomly five competitive plants of each cultivara replication which were tagged
properly. The border plants were excluded whiledéig the sample plants. The
observations of these plants were taken time te starting from initiation of first
flowering to final harvesting of fruits. The aveeagalues for various characters from
the selected plant were taken for statistical aigly

3.5.4 Characters studied
1. Vine length (VL)
This was recorded in meter from the base to theftthe main vine.
2. Number of primary branches per plant (BN)

This was calculated by counting the total numbebraihches emerging from
the main vine from the selected sample plants.

3. Node number bearing first female flower (NNF)

The node at which first flower appeared countethftbe base and expressed

in number.
4. Days to opening of first male flower (DMF)

This character was recorded by counting the nummibgays taken from the date

of sowing to the opening of first male flower.
5. Days to opening of first female flower (DFF)

This was recorded by counting the number of daikendrom the date of

sowing to the opening of first female flower in thieservational plants.
6. Leaf area (LA)

This was recorded by measuring the total areavefl®aves from the sample
plants with the help of leaf area meter.
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7. Days to first harvest (DH)

This was recorded by counting the number of daigsrntdrom sowing to the

first harvest of fruits of edible stage in eachagpe.
8. Number of fruits per plant (FN)

By counting the total number of fruits harvestedddterent pickings in the

sample plant till the final marketable harveststtiharacter was recorded.
9. Fruit weight (FW)

Individual fruit weight was obtained by taking azge weight of the five fruits
at edible stage from the selected plants per treattieind this was expressed in

grams.
10. Fruit length (FL)

This character was recorded by measuring length the basal end to the beak
tip of five fruits randomly selected from the plamith the help of a veneer
caliper. The average fruit length was worked oufiea plants basis and was

expressed in cm.
11. Fruit breadth (FB)

This was recorded from the fruits selected fortfiemgth and was measured in
cm at the point of maximum thickness with the taflp veneer caliper and the

mean value was taken for analysis of this character
12.Number of seeds per fruit (SN)

This was recorded by the total number of seedsir@atairom the randomly
selected five ripe fruits in each genotype. Theraye value was taken to

calculate the number of seeds per fruit for analysi
13. Seed/flesh ratio (SFR)

This was obtained by taking the fresh weight ofsbeds to the weight of the
flesh excluding the mucilaginous material in théesied ripe fruits and the

average was worked out.
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14. 100 seed weight (SW)

Observations for this character were recorded hghieg 100 numbers of well

drained seeds and were expressed in grams.
15.Yield per plant (PY)

Observation for this character was réedrby taking the fresh weight of total
number of fruits harvested at different pickindjstiarketable harvest from five
tagged plants in each replication and the totddyieas expressed in terms of

grams.

3.5.5 Statistical analysis

The data recorded for various characters were siggjdo statistical analysis
based on their sample means (Gomez and Gomez,.10B8grvations of all the 15
characters were analyzed for variability and otipemetic parameters related to fruit

yield were taken for character association, patiysis, and genetic divergence study.

Analysis of variances

The analysis of variances for each of the charadcated was done to find out
varietals differences. The analysis was carriedseparately for each trait following

the procedure of randomized block design analyasge and Sukhatme, 1954).
Analysis of variance was done on basis of followimgdel.

Y=m+g+n+e

Where,
Yi = Phenotypic observation in tHegienotype and th&jreplication
m = General mean
g = Effect of theéigenotype/treatment
f = Effect of'] replication
6j = random error associated withgenotype in'j replication
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Table 4. Analysis of variance and expected mean sum of squer

SOURCE df MSS EXPECTED MEAN SUM OF
SQUARE

Replication (r-1) M o%+ go’r

Genotype (9-1) N 0% + 6%

Error (r-1)(g-1) Me o%

3.5.6 Mean, range, standard error and critical differences

Sample mean values were caled| for each character by dividing the
total by corresponding number of observations, evtiie highest and lowest values for
each character were taken as the range. The SIEC.&n values were calculated by
using the following formula.

Standard error mean (SEM) #S

Critical difference (C.D.)

/EMS .
= x t value at error d.f. at 5% and 1% level of gigance
;

Where, r = number of replications
EMS = Error mean sum of square
3.5.7 Co-efficient of variation

For comparing the variability of two or more thavo characters, co-efficient

of variation were calculated by using the formuhzeg below:

SD
CV.= 52 x100 =,/ E':’AS x100

Where,

S.D. = standard deviation which is the square obotean square due to error (EMS)
X = Experimental mean
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From the structure of the analysis of variance
Error variance s€* = Mg

MG_ME
r

Genotypic variance s%g =

2 2
. . M g, t0,
Phenotypic variance 6%p=—2 = —2—°
r r

The genotypic co-efficient odriation (GCV) and the phenotypic co-
efficient of variation (PCV) were calculated by fleemula given by Burton (1952).
Genotypic standard deviation

GCV = Grand mean X 100

_ Phenotypic standard deviation

PCV = X 100
Grand mean

3.5.8 Heritability (broad sense)

The heritability estimates weresed to measure the degree of
correspondence between phenotypic value and bigeediune. It is worked out by using
the formula suggested by Lush (1949) and BurtonZenhnce (1953) and expressed
in percentage according to Weber and Moorthy (1952)

Genotypic variance

h? (broad sense) =
( ) Phenotypic variance

Genotypic variance
eg—— - - x 100
henotypic variance

h? (broad sense in percentag

3.5.9 Expected genetic advance

Genetic advance was estimated as per the forogdested by Johnsehal (1995).

GA = K. Fop
Where,
K= Selection differential in standard units (whis 2.06 per 5% selection
intensity).
h?= Heritability in broad sense
op = Phenotypic standard deviation

GA expressed as percentage of meanl\—/%%xloo
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3.5.10 Estimation of correlation co-efficient

Simple correlation co-efficienvere computed at phenotypic and
genotypic levels between pairs of 15 charactertscthraribute to total plant yield using

the following formula.

7,09

Genotypic correlation ¢ = a,(y)
a,(x)
Phenotypic correlation{r :M xa,(y)
g,(x)

Where,
og(Xy) = Genotypic co-variance between the two traitgsd .
op(Xy) = Phenotypic co-variance between the twograiand y.
og(X) andog (y) = Genotypic standard deviation for x and ypexgively.
op (X) andop (y) = Phenotypic standard deviation for x andspestively.

The estimated values were compared with the tagdleevat (n - 2) and at
degrees of freedom at 5% and 1% levels of sigmfiedn order of test the significance

of correlation co-efficient at phenotypic and gempad level.
3.5.11 Path co-efficient analysis

The cause and effect relationship among the variaurelated characters are
determined by path co-efficient analysis. Pathficient were standardized by partial
regression coefficients which individually providemeasure of direct effect of the
casual factors on the effect variable. These pepaititioning of the correlation
between casual factors and the effect of variahtescomponents of direct and indirect
effect and thus give a better picture of the asdmri of the casual factors with the

effect variable.

In the present investigation, fruit yield per glavas taken as the effect with
other characters like vine length, number of pryrarianches per plant, node number
bearing first female flower, days to opening finsale flower, days to opening first
female flower, leaf area, days to first harvesmbar of fruits per plant, fruit weight,
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fruit length, fruit breadth, number of seeds peritfrseed/flesh ratio and 100 seed

weight related to this as the casual factor.

The path coefficients were obtained by solvingftil®wing the simultaneous
equations which give the basic relationship betwaerelations and path coefficients

in a system of correlated causes. (Dewey and Lb9)19

r112= r1P112+ roP112+ NP2+ cee i + R11P1112
r212=r2aP112 + 2P112+ 23P112F coeviiii e, + B11P1112
r312= r31P112 + R2P112+ E3P112F oo, + B11P1112
l112= ri1iPiiz + P2+ rnigdPsz+ oo T Q112

Where, i is the coefficient of correlation betwedhand | characters andgpis

the path coefficient (direct effect df tharacter total yield per plant (1, 2).

The solutions for path coefficients, diracd indirect effects of the casual factors
were estimated as the values of the individual $esfrthe above equations in R.H.S.

The coefficient of determinatiR?) and the residual effect 4R were
calculated as follows:

| = Brz.r+ Y piyliy
R =Y pyry

= P12t Prado12 F BaA312F e + Q11d1112
Ror= m

The path analysis at the gerniotygvel with the same cause and effect

relationship was computed using the genotypic tatioas as stated earlier.

3.7.7 Genetic divergence

Mahalanobis’ (1928) generalized distancésmtistics was used for computing
genetic divergence as described by (Rao, 1952). drlgtnal measurements were
transformed to standardized uncorrelated variablesivotal condensation (Rao,
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1952). The divergence between any two varietiesatdgined as the sum of squares

of the difference in the values of the correspogdiansformed values (Y
D%k =Y "i=1 Yij - Yik

Gives the B between Y and K" germplasm for ‘n’ characters. The all
possible 253 pairs of Dwere calculated from the 23 varieties using thenfda n
(n-1)/2.

Following Tocher’'s method asd&ed by Rao (1952), the genotypes
were grouped into clusters. The criterion of grogpwas that any two genotypes
belonging to the same cluster should have a smBflevalue than those between
genotypes belong to different clusters. Inter antichicluster distances were determined

and represented.
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RESULTS

During the course of investigationtbe project entitled “Variability Studies
in Bitter gourd Momordica charantia L.)” observations on fruit yield per plant and its
component characters were recorded. The mean valudlse traits studied were
statistically analyzed to estimate the variabiliberitability and genetic gain for
selection and their association with yield as wsllamong themselves. The direct and
indirect effect of these traits on fruit yield amide nature and extent of genetic
divergence among 23 genotypes were also studiegl.s@lent findings as revealed

from the investigation are explained below:
4.1  Analysis of variance

The variance (mean square values) between gendtydescharacters such as vine
length, number of primary branches per plant, mesheber bearing first female flower, days
to opening of first male flower, days to openindjrst female flower, leaf area, days to first
harvest, number of fruits per plant, fruit weidghtjt length, fruit breadth, number of seeds
per fruit, seed flesh ratio, 100 seed weight asltlyper plant are presented in Table 5. The
data revealed the existence of significant diffeeeamong the genotypes for most of the

characters studied.

4.2 Mean performance and co-efficient of variation

4.2.1 Mean and range

The mean performance, standard error of varianE¢ €8d critical difference

(C.D.) values are presented in Table 6.

4.2.1.1 Vine length

A wide variability ranging from 1.81 m to 7.68 nas/noticed with respect to
vine length. The vine length was maximum for gepetilVR-5 which is followed by
[IVR-4 (6.57m) and the minimum length was observed in Rtshesh followed by
Pusa Asudhi (2.30m). The cultivars like Improveddfa (4.42m), 1IVR-2 (4.56m),
Samanta Goberta Green Long All Sea@B2m) and High Tech Meghana-2(4.43m)

were of medium types.
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Table 5. Analysis of variance for 15 quantitativecharacters studied in bitter
gourd genotypes

Mean Sum of Square
Sl
Characters —
No. Replication Genotypes Error (44)
_ (2) (22)

1. | Vine length (m) 0.128 7.184 0.052
2. Number of primary branches 0.151 17 621 3773

per plant

H S

3 Node no bearing®ifemale 0.016 30.794 5018

flower

H S

4. | Days to opening ofmale 0.329 41.708 7.429

flower
5. | Days to opening-lfemale 0.597 131.875 6.985

flower
6. | Leaf area(ci) 265.286 1322.883 45.299
7. | Days to ¥ harvest 97.169 289.953 31.843
8. | Number of fruits per plant 19.788 271.760° 9.618
9. | Fruit weight(g) 24.173 1322.649 18.387
10, | Fruitlength (cm) 2.747 68.973 2.677
11. | Fruit breadth (cm) 0.416 36.926° 1.481
12. | Number of seeds per fruit 2.254 35.610° 2.402
13- | Seed flesh ratio (SFR) 0.000 0.008 0.000
14. | 100 seed weight(g) 3.920 20.118" 1999
15. | Yield per plant 59446.433| 1387489.500 | 56650.210

™ Significant at 1% level andsignificant in 5% level

Figure in the parenthesis indicate degree of freedbrespective sources of variation
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4.2.1.2 Number of primary branches per plant

Number of primary branches per plant varied frafv {Pusa Domousumi) to
16.55 (IIVR-5) with a general mean of 11.55. Théicars like Green long (11.10),
Priya (11.44) and Phule Green Gold (11.99) exhibitéermediate value for this trait.
The lowest number of branches of 7.77 was recard&ilisa Domousumi, followed by
Pusa Asudhi (8.33).

4.2.1.3 Node number bearing first female flower

Significant range was observed for this trait amtmg genotypes evaluated.
The highest value under this character was recard&@teen Long (26.38) where as
Priya(14.18) recorded the lowest value. GenotyijgesMieghana-1 (19.32), Peta Kalara
(20.11) and NBR Noble Katahi (20.33) exhibited noedivalue for this trait in higher

order.

4.2.1.4 Days to opening of first male flower

Earlier male flowering was noticed in variety, Afdarit (32.62 days) after seed
sowing followed by NDUAT-3 (32.73 days), Improvedatghi (34.50 days), Pusa
Asudhi (34.71 days) and Meghana-1 (34.95 days) edsethe cultivar Priya was the
late type (46.13 days) followed by Green Long (86days), Nakhara Local (42.56
days) and IIVR-2 (42.27 days) in succession. Theetias Thusi $8.12 dayy IVR-5

(39.69 days) and Pusa Domousumi (38.58 days) wérsedium types.

4.2.1.5 Days to opening of first female flower

A distinct variation was observed with respectis tharacter. The variety Pusa
Asudhi (34.02 days) produced female flowers figdtolved by Japani Green Kalara
(38.53 days) and NBR Noble Katahi (39.34 days) nitlea The genotype Samanta
Goberta Green Long All Seas@®0.10 days) produced female flowers late closely
followed by Pusa Vishesh (58.56 days). The culsva®-1 (47.99 days), BBG-5 (48.93

days) and Thusi (49.04 days) were of medium types.
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Table 6. Mean of performance of 23 bitter gourd geotypes for 15 characters

Days to
Number | Node no| Days to | opening Number
Vine of bearing | opening 18t Days to Fruit Fruit Fruit Seed [100 seed .
| h . 15t f1st | f | Leaf 1st Number iaht |1 h | breadth of seeds flesh iah Yield
Genotypes ength | primary 0 EMaA | area of fruits | WE'Y t | lengt readt per fruit es weight per plant
(m) | branches| female | male | flower (crmd) harvest or plant (FW) (FL) (FB) (SN) ratio (SwW) (PY)
(VL) |perplant| flower | flower | (DFF) (DFF) |PE"P @ | @m) | (cm) (SFR)| (q)

(BN) | (NNF) | (DMF)

Vi Green Long 5.37 11.10| 26.38 | 46.03 50.91 84.63 62.14 14.77 42.90 11)90 9.70 812|80.145| 18.48| 666.15
V2 Arka Harit 2.33 8.61 16.88| 32.62 | 42.77 63.21| 53.88 11.55 49.66 9.59 13.83 16.39.257 | 18.85 | 594.41

V3 Priya 574 11.44 | 14.18 46.13 51.29 95.45 67.90 12.80 73.67 14.24 13.51 16.58.034 | 19.82 939.01
Va4 Pusa . 2.57 7.77 18.31 38.58 41.38 85.77 56.74 8.10 109.40 | 15.96 4.04 20.65 | 0.073 18.03 883.33
Domousumi S E— — _

Vs Pusa Vishesh| 1.81 13.77 21.64 36.31 58.56 5171  71.93 9.99 6023 812.55.91 12.33 | 0.074 19.13 613.30
Vs Pusa Asudhi 2.30 8.33 21.61 34.71 34.02 | 55.05 | 50.30 9.55 56.06 11.54 5.52 19.33 0.156  18.4451.48
V7 CO-1 5.37 12.77 17.22 41.25 47.99 97.80  53/0137.05 60.08 15.06| 11.47 13.22 0.0719 21.03 | 2298.21
Vg |Phule Greengold 4.60 11.99 24.44 36.96 46.21 10184 57.6 2854 6070. 18.58| 18.95 16.77 0.050f 17.50f 2218.49
Vo Meghana -1 3.31 12.77 19.32 34.9 56.18.10.20| 68.24 31.55 71.02 11.12 15.18 17.44 0.083 20/26 8.3¥4
V1o Peta kalara 2.40 8.66 20.11 36.74 47.50 71.132.67 8.22 50.88 12.58 13.17 10.33 0.050 17.22  294.33
Vi1 Thusi 3.41 13.77 20.54 38.12 49.04 47.04 57/46  @3|2 10.74 | 5.20 8.82 5.33 0.133| 13.37| 263.69

@3]

Viz NBKigﬁible 5.75 13.33 20.33 40.27 39.34 10256 59.61 2233 3%7. 17.12 14.25 14.32 0.037 16.50 134954

I~

Viz |Improved Katah] 4.42 8.44 23.22 34.50 41.61 91.47  52.65 32.7r7 53/265.22 | 13.30 13.88| 0.06f 17.156 1584{33

Vi Japg};gee” 2.38 9.55 2220 37.94 3853 105p147.94 | 28.77 | 87.56| 13.83 13.071 1677 0.057 20.00 1995.81

Vis [IVR-2 4.56 10.22 21.34 42.27 57.81 10326 72.84 .683| 79.96 | 15.54 13.18 17.44 0.050 17.66 2184.26
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Days to
Number | Node no| Days to | opening Number
Vine of bearing | opening 18t Days to Fruit Fruit Fruit Seed 100 seed ,.
. ot ot Leaf o Number : of seeds . Yield
length | primary 1 of 1 female 1 X weight | length | breadth | flesh | weight
Genotypes area of fruits per fruit . per plant
(m) | branches| female | male | flower (cmd) harvest er plant (FW) (FL) (FB) (SN) ratio (sw) (PY)
(VL) |perplant| flower | flower | (DFF) (OFF) |PE"P @ | @em) | (cm) (SFR)| (g)
(BN) (NNF) | (DMF)
Ve IIVR-4 6.57 15.44 21.25 42.00 51.44 89.44 57.88 681. 57.24 21.02 9.35 14.77 0.040 17.03 1218.40
V17 IIVR-5 7.68 16.55 21.27 39.69 52.02 91.8% 61.51 27.55 65.8929.08 8.98 15.63 0.037 1750 1611.83
Vig NDUAT-3 3.40 10.21 14.84 32.73 49.71 8851 5856 .115| 57.44 9.81 8.10 13.0§ 0.037 16.42 818|78
V19 | Nakhara Local 3.57 12.99 21.04 42.56 47.2643.72 | 63.03 6.88 34.68 | 11.26/ 10.30 11.65 0.093  11.33233.77
V20 BBG-5 5.44 9.21 23.64 40.69 48.98 54.02 59.p1 21/8030.71 8.01 8.90 10.89 0.077 10.44 | 559.91
Va1 Hirkani 5.19 13.32 16.31 37.43 47.3Y 99.38 58.84 .726| 45.78 12.06 13.29 19.73 0.063 18.16  1277.00
Samanta Gobert
V| GreenLong Alll - o5 | 1309 | 16.84 | 40.86 | 59.10 | 99.77 | 76.29 | 31.10 | 5221 | 12.30| 1244 | 16.42 1466.66
Season = 0.080 | 18.00
Vv High Tech
23 Meghana-2 4.43 12.44 15.48 40.97 54,73 | 97.55 | 59.86 17.77 89.08 | 11.98 | 14.10 15.44 | 0.037 | 18.52 | 1467.11
SE(%) 0.725 1.586 1.829 2.226 2.158 | 5.495 | 4.607 2.532 3.501 | 1.336 | 0.994 1.266 | 0.011| 0.903 | 194.337
C.D.
(0.05) 1.461 3.197 3.686 4.485| 4.349 | 11.075| 9.286 5.103 7.056 | 2.692 | 2.003 2,551 | 0.023 | 1.820 | 391.663
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4.2.1.6 Leaf Area

Considerable variation was also noticed for &af varying from 43.72cto
110.20cm. Highest leaf area was seen in the cultivar Meghdarfollowed by Japani
Green Kalara (105.21¢n On the contrary, the variety Nakhara Local iessmallest
leaf area followed by Thusi (47.04 &nHowever, Green Long (84.63érand Pusa

Domousumi (85.77cA) have shown medium value for this character.

4.2.1.7 Days to first harvest

A wide variation ranging from 47.94 days to 92d&&s was recorded for this
character among the genotypes. Japani Green K@aré4days) was of the earliest
maturing type whereas it was maximum in Peta Kg@2a67 days). Green Long (62.16
days), High Tech Meghana-2 (59.86 days) and IIV@h51 days) were of medium

maturing type among the genotypes evaluated.

4.2.1.8 Number of fruits per plant

A significant variation was visualized with respéztthe number of fruits per
plant among the genotypes which ranged from 6.887t05. The highest number of
fruit (37.05) was recorded in CO-1 followed by IIVR(33.66) and the lowest number
of fruits (6.88) was observed in Nakhara Localdaléd by Pusa Domousumi (8.10) in
higher magnitude. Cultivars like [IVR-4 (21.66) aB8G-5 (21.80) showed medium

value for this character.

4.2.1.9 Fruit weight

Considerable variation ranging from 10.74g to 10§.4as observed in case of
fruit weight. The variety Pusa Domousumi recordee highest fruit weight 109.40g
followed by High Tech Meghana-2 (89.08g) and Jagargen Kalara (87.56g). The
genotypes like Pusa Vishesh (60.23g) and 60108g) have shown medium value
for this character. Further, the lowest fruit Wweiigvas recorded in Thusi (10.749)
followed by BBG-5 (30.71g) in higher order.
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4.2.1.10 Fruit length

A significant variation was obtained in case aitffength among the genotypes.
The highest value 29.08cm was recorded in casé/&-b which was followed by
[IVR-4 (21.02cm) and Phule Greengold (18.58cm). Tdveest value of 5.20cm was
recorded in Thusi followed by BBG-5 (8.01cm). Soaighe lines showing medium
value for this trait were Pusa Vishesh and Petaidakach having 12.58cm length and

Japani Green Kalara (13.83cm) in ascending order.

4.2.1.11 Fruit breadth

Fruit breadth of different genotypes ranged fro6440 18.95 cm with a general
mean of 11.28 cm. The genotypes Pusa Domousumidetdhe lowest fruit breadth
while Phule Greengold exhibited highest fruit bithad8.95cm). The genotypes like
Nakhara Local (10.30cm), CO€11.47cm), Japani Green Kalara (13.07cm) and Peta

Kalara (13.17cm) have shown medium value for theracter.

4.2.1.12 Number of seeds per fruit

A wide range of variation from 5.33 to 20.65 wéaiserved for this character.
The cultivar Pusa Domousumi produced 20.65 numbseeds per fruit followed by
Hirkani (19.73) and Pusa Asudhi (19.33). Thusi pictl the lowest number of seeds
per fruit (5.33). Moderate values were obtainedtids trait in High Tech Meghana-2,
[IVR-4, NBR Noble Katahi and Improved Katahi prothg 15.44, 14.77, 14.32 and

13.88 seeds respectively.

4.2.1.13 Seed / flesh ratio

Lowest seed/flesh ratio was found in variety P(§#®34) and highest in Arka
Harit (0.257). Moderate values were obtained invageties Pusa Vishesh (0.074),

BBG-5 (0.077), CO-10.079) and Samanta Goberta Green Long All Seds08().
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4.2.1.14 100 seed weight

The tested genotypes exhibited a wide range from4y to 21.03g for this
character. The variety CO-1 showed the highest ¥t weight (21.03g) closely
followed by Meghana-1 (20.269). Lowest seed weigds recorded in BBG-5 (10.44q)
followed by Nakahra Local (11.33g). Moderate valuese obtained in cultivars like

Phule Greengold and 1IVR-5 (17.50g) each and [IVR-266g).

4.2.1.15 Yield per plant (g)

A significant wide range of variation for this chater was recorded ranging
from 233.77g to 2298.21g among the genotypes. Tésamum value 2298.21g was
recorded in CO-1 which was followed by Phule Grégold (2218.49q), IIVR-2
(2184.269), Meghana-1 (2168.37¢g) and Japani Gredaw#& (1996.819) in decreasing
order. The lowest yield (233.77g) was obtained fidakhara Local followed by Thusi
(263.699) and Peta Kalara (294.33g) in ascendidgroHowever, IIVR-5 (1611.83g),
Improved Katahi (1584.33g), High Tech Meghana-Z{l41g) and Samanta Goberta

Green Long All Season (1466.66g) were the medietdgrs.

4.2 Co-efficient of variance (C.V)

The co-efficient of variation with respect to diiéat characters are presented
in Table 7, which ranged from 5.45% to 19.15%. Mighest variation (19.15%) was
noticed in yield per plant followed by vine lendt9.00%), seed flesh ratio (17.64%)
and number of primary branches per plant (16.80%#. lowest variation 5.45% was
recorded in days to opening of first female flofadlowed by 100 seed weight (6.34%),
days to opening of first male flower (7.00%), frrtight (7.16%) and leaf area (8.01%)
in ascending order. Characters showed moderate vahging from 9.14% to 16.80%

for this trait.
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Table 7.

General mean, range, co-efficient of vation (C.V), genotypic

variance, phenotypic variance for 15 quantitative baracters in bitter

gourd genotypes

Sl. General C.V | Genotypic | Phenotypic
No. Characters Mean Range (%) Variance Variance

1. Vine length 4.227 1.81-7.68| 19.00 2.132 2.920

p.| Numberofprimary | ) geg 7.77-1655 | 16.80 4.616 8.389

branches per plant
Node no bearing®l ;
3. rorale flower 19.933 | 14.18-26.38| 11.23 8.592 13.610
1 S
4 | Daystoopening ofl| o0 g0 | 35654613 7.00  11.426 18.855
male flower
1 S
5. | Daystoopeningd | 0 o0 | 34025010 545  41.630 48.615
female flower
6. Leaf area(cA) 83.949 43.72-110.20 8.00  425.861 471.161
7.| Days to Tharvest 61.715| 47.94-9267 9.14  86.037 117.880
8. N”mbeglg‘;ftr”'ts PET 50.938 6.88-37.05 | 14.81 87.381 96.999
0. Fruit weight 50.846 | 10.74-109.40 7.16 434.754 3.152
10. Fruit length 13.723 5.20-29.08| 11.92 22.099 24.776
11. Fruit breadth 11.280 4.04-18.95 10[7811.815 13.296
12. N“mbe']lr‘a‘;tseeds PEl 14834 5.33-20.65 | 10.44 11.069 13.472
13,  Seedfleshratio 0.079 0.034-0.257| 17.64 0.003 0.003
(SFR)

14 100seedweight | 1731 | 10.44-21.03 | 6.34| 6.298 7521

15.]  Yield per plant 1180.836 233.77-2298|2D.15| 443613.094 500263.313
4.3 Estimation of genetic parameters

The estimate of genetic parameters such as geoorgpance and phenotypic

variance are presented in Table-7, and their régpao-efficient of variation, broad sense

heritability and genetic advance are presente@biels.

The phenotypic variance ranged from 0.003&wd/flesh ratio to 500263.313

for yield per plant and the genotypic variance exhffom 0.003 for seed/flesh ratio to

443613.094 for yield per plant. In general, all taracters exhibited parallel values

between these two variances showing higher valtieeifiormer than the later.
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Table 8.

15 quantitative characters studied in bitter gourd

Genotypic co-efficient of variance (GCV)Phenotypic co-efficient of variance (PCV), Heritabity (in broad sense) and Genetic advance for

gl .P_henotypic_co_- .(‘?enotypic co- _ Heritability _ GA Expressed
No. Characters efficient of variation | efficient of variation (in broad sense) | Genetic advance in % of mean
(PCV) (GCV) (%)
1. Vine length (m) 40.430 34.544 73.0 2570 60.802
2. | Number of primary branches per plant 25.059 8B.5 55.0 3.282 28.403
3. | Node no bearing®ffemale flower 18.508 14.705 63.1 4.797 24.068
4. | Days to opening offfimale flower 11.166 8.692 60.6 5.420 13.939
5. | Days to openingsifemale flower 14.398 13.324 85.6 12.299 25.399
6. | Leaf area(cA) 25.856 24.582 90.3 40.415 48.143
7. | Days to 1 harvest 17.592 15.029 72.9 16.323 26.450
8. | Number of fruits per plant 47.037 44.644 90.0 .218 87.288
9. | Fruit weight(g) 35.569 34.840 95.9 42.071 70.300
10. | Fruit length(cm) 36.270 34.254 89.1 9.145 68.64
11. | Fruit breadth(cm) 32.326 30.473 88.8 6.674 B9.1
12. | Number of seeds per fruit 24.742 22.427 82.1 215. 41.879
13. | Seed flesh ratio 67.647 65.306 93.2 0.074 83.87
14. | 100 seed weight(g) 15.733 14.397 83.7 4.730 1447.
15. | Yield per plant 59.897 56.404 88.6 1055.856 488.
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Further the perusal of data in Table 8, revealeat the phenotypic co-
efficient of variation (PCV) was higher than genuity co-efficient variation
(GCV) for all traits studied. The PCV was highe67.647) in seed/flesh ratio
followed by yield per plant (59.897). The trait&divine length (40.430), fruit
length (36.270) and fruit weight (35.569) exhibitedbderate value for this
parameter. The other traits like node number begafingt female flower (18.508),
days to first harvest (17.592), 100 seed weight133) and days to opening of
first female flower (14.398) showed lower value fiis parameter. However,
lowest value of 11.166 was recorded for days tonape of first male flower

among the characters evaluated.

More or less similar trend was observed in theneates of GCV for all the
traits with seed/flesh ratio having the highesinea(65.306) followed by yield per
plant (56.404). Moderate values were obtained fait fweight (34.840), vine
length (34.544) and fruit length (34.254). Daysofening of first male flower
exhibited the lowest value (8.692) which was clgdgellowed by days to opening
of first female flower (13.324) and in 100 seed g¥&i(14.397) in ascending order

for this parameter.

4.3.1 Heritability

Heritability (broad sense) estimates ranged from0%b for number of
primary branches per plant to 95.9% for fruit weigHigh heritability above 85%
was observed in eight characters such as fruit le(§5.9%), seed/flesh ratio
(93.2%), leaf area (90.3%), number of fruits peanpl (90.0%), fruit length
(89.1%), fruit breadth (88.8%), yield per plant (8%) and days to opening of first
female flower (85.6%). Moderate to high heritalyil{60-85%) was observed in six
characters such as 100 seed weight (83.7%), nuailsseds per fruit (82.1%), vine
length (73.0%), days to first harvest (72.9%), nodmber bearing first female flower
(63.1%) and days to opening of first female flo&.6%) while number of primary

branches per plant has the lowest heritability(%3.
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4.3.2 Genetic advance

The genetic advance varied from 0.074 (seed/flasb) to 1055.856 (yield per
plant). Other characters showing high genetic acwavere fruit weight (42.071) and
leaf area (40.415). However, number of fruits panp(18.276), days to first harvest
(16.233) and days to opening of first female flo&2.299) have shown moderate
genetic advance. On the other hand, lower gendtiarece ranging from 2.570 (vine

length) to 9.145 (fruit length) were also obserf@drest of the characters under study.

The predicted genetic advance expressed as pafceopulation mean ranged
from 13.939% for days to opening of first male feavio 93.876% for seed/ flesh ratio.
The characters like yield per plant (89.416%), namdif fruits per plant (87.288%),
fruit weight (70.300%) and fruit length (66.643%®héited genetic gain of higher

magnitude, while rest of the character showed naidaralues.

4.4  Character association
Estimates of phenotypic and genotypic catreh co-efficient of all pairs of 15
characters related to fruit yield among the tegewbtypes of bitter gourd are presented

in Table-9 and Table-10 respectively.

4.4.1 Phenotypic correlation
Fruit yield per plant was positively and signifitigrcorrelated with fruit length

(0.438), 100 seed weight (0.472), fruit breadt®@@), fruit weight (0.510), leaf area
(0.793) and number of fruits per plant (0.800).éttharacters like days to opening of
first male flower (0.052), number of primary braeshper plant (0.137), days to
opening of first female flower (0.167), vine length313) and number of seeds per fruit
(0.396) are positively associated with fruit yigler plant with insignificant values. On
the other hand, seed/flesh ratio (-0.400), daysgbharvest (-0.125) and node number
bearing first female flower (-0.051) were negatywahd insignificantly associated with

fruit yield per plant.
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Table 9. Phenotypic correlation co-efficient (5) between all pairs of 15 quantitative charactersn bitter gourd genotypes

Characters BN NNF DMF | DFF LA DH FN FW FL FB SN SFR SW PY
VL rp | 0.459 | 0.041 | 0.493 | 0.172 | 0.358| -0.083  0.361 008892 | 0190 | -0.025| -0.369 -0.102 0.313
BN o 0.061 0.266 | 0.346| 0.113 0.084  0.213  -0.145 0.807 .07 | -0.099| -0.271 -0.052 0.187
NNF I 0.134 | -0.201| -0.179 -0.097 0.088 -0.197 0.162 01®. | -0.173| 0.094 -0.244 -0.051
DMF o 0.219 | 0.114| 0.173 0.071 0.030 0.151  0.04 -0.0680.245 -0.071 0.05p
DFF b 0.131| 0.506| 0.211 | -0.063| 0.023 0.070| -0.144  -0.256 D.06 0.167
LA o 0.035| 0.602 | 0595 | 0431 | 0513 | 0491 | -0488 | ... | 0793
DH o -0.117 | -0.037] -0.018 0.137| -0.187 -0.220 3.0 | -0.125
FN o 0.048 | 0.257 0.458| 0.098 | -0.271 0.187 0.800
FW o 0.425| 0.094 | 0.648 | -0.389 | 0.555 0.510
FL o 0.076| 0.304| | 420 0239 | ;2
FB o 0.081| -0.136 0.191 0.502
SN b -0.057 0.500| 0.396
SFR b -0.020 | 460
SW & 0.472

"and ™ indicates significant at 5% and 1% level respectiely

56



Vine length was significantly and positively coatdd with number of primary
branches per plant (0.459), days to opening dfriiae flower (0.493) and fruit length
(0.523), whereas it is positively associated witdden number bearing first female
flower (0.041), days to opening of first femaleviler (0.172), fruit breadth (0.190),
yield per plant (0.313), leaf area (0.358) and neinds fruits per plant (0.361) having
insignificant values. On the contrary, this trathiéited negative association with
seed/flesh ratio (-0.369), 100 seed weight (-0.102ys to first harvest (-0.083), fruit

weight (-0.063) and number of seeds per fruit @B)thaving insignificant values.

Number of primary branches per plant was poskivarrelated with node
number bearing first female flower (0.061), dayditst harvest (0.064), fruit breadth
(0.073), leaf area (0.113), yield per plant (0.13iWmber of fruits per plant (0.213),
days to opening of first male flower (0.266), frilahgth (0.307) and days to opening
first female flower (0.346) and negatively correthtvith seed/flesh ratio (-0.271), fruit
weight (-0.145), number of seeds per fruit (-0.089) 100 seed weight (-0.052). In all

these cases the association was found to be ifisagrti

Node number bearing first female flower was pesiy correlated with
number of fruits per plant (0.088), seed/fleshorfdi.094), days to opening of first male
flower (0.134) and fruit length (0.162) and negelyvcorrelated with 100 seed weight
(-0.245), days to opening of first female flowed.201), fruit weight (-0.197), leaf area
(-0.179), number of seeds per fruit (-0.173), daysrst harvest (-0.097), fruit yield
per plant (-0.051) and fruit breadth (-0.019) witkignificant values.

Days to opening of first male flower was positiwebrrelated with fruit weight
(0.030), fruit breadth (0.042), yield per planD&R2), number of fruits per plant (0.071),
leaf area (0.114), fruit length (0.151), daysitstiharvest (0.173) and days to opening
of first female flower (0.219) and negatively cdated with seed/flesh ratio (-0.245),
100 seed weight (-0.071) and number of seeds pér(F0.068) with insignificant
values in all cases.
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Days to opening of first female flower was postw and significantly
correlated with days to first harvest (0.506). Réshe characters like leaf area (0.131),
number of fruits per plant (0.211), fruit length®3), fruit breadth (0.070), 100 seed
weight (0.061) and yield per plant (0.167) wereifpely correlated and fruit weight
(-0.063), number of seeds per fruit (-0.144) aretigkesh ratio (-0.256) were negatively

correlated with this trait having insignificant uak.

Leaf area was significantly and positively caatetl with number of fruits per
plant (0.602), fruit weight (0.595), 100 seed weigh557), yield per plant (0.793),
fruit length (0.431), fruit breadth (0.513) and riaenof seeds per fruit (0.491). Further,
positive correlation of this character was with slag first harvest (0.035), but the
association was not significant. On the contrargedéflesh ratio (-0.488) was

significantly and negatively associated with tHiaacter.

Days to first harvest was positively associatethwiuit breadth (0.137) and
negatively correlated with fruit length (-0.013Q)QLseed weight (-0.037), number of
fruits per plant (-0.117), fruit weight (-0.037)umber of seeds per fruit (-0.157),
seed/flesh ratio (-0.220) and yield per plant 28)1 However, in none of the case the

association was found to be significant.

Number of fruits per plant was significantlydgpositively correlated with yield
per plant (0.800) and fruit breadth (0.458). Réshe characters like number of seeds per
fruit (0.098), fruit weight (0.048), fruit lengt®257) and 100 seed weight (0.187) were
positively correlated with this trait, but the asation was insignificant. Further, this

character was negatively and insignificantly asged with seed/flesh ratio (-0.271).

Fruit weight was significantly and positivedgrrelated with number of seeds
per fruit (0.648), 100 seed weight (0.555), friahdgth (0.425) and yield per plant
(0.510). Fruit breadth (0.094) was positively arebdiflesh ratio (-0.389) was

negatively associated with this character, butdaksociation was not significant.
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Fruit length was significantly and pgogly correlated with yield per plant
(0.438). On the other hand, fruit breadth (0.0A@mber of seeds per fruit (0.304) and
100 seed weight (0.239) were positively correlatét fruit length having insignificant
values. On the contrary, seed/flesh ratio (-0.488% significantly and negatively

associated with this character.

Fruit breadth was significantly and positively ated with yield per plant
(0.502). Number of seeds per fruit (0.081) and 4€¥d weight (0.191) were positively
and seed/flesh ratio (-0.136) was negatively assedi with this trait, having

insignificant values.

Number of seeds per fruit was significaathd positively correlated with 100
seed weight (0.500). However, yield per plant (8)3®as positively and seed/flesh
ratio (-0.057) was negatively associated with tbigracter having insignificant

association.

Seed/flesh ratio was negatively correlated with $6ed weight (-0.020) and

yield/plant (-0.400) having insignificant values.

4.4.2 Genotypic correlation

The genotypic correlation co-efficient for all the characters related to fruit
yield per plant are presented in Table 10. Thegsof the data in the above cited table
indicated that, fruit yield per plant was signifitly and positively correlated to leaf
area (0.870), number of fruits per plant (0.857)jtfbreadth (0.589), fruit weight
(0.539), 100 seed weight (0.545), fruit length @@Y number of seeds per fruit (0.472)
and other characters like vine length (0.345), nemdd primary branches per plant
(0.262), node number bearing first female flowe023), days to opening of first male
flower (0.037) and days to opening of first femétaver (0.176) were positively
associated with fruit yield per plant with insigodnt values. On the other hand, this
character was negatively correlated with seed/fiedgio (-0.414) and days to first
harvest (-0.180) having significant value only wiitie former character.
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Vine length was significantly and positively cdated with number of primary
branches per plant (0.665), days to opening firateniflower (0.659), fruit length
(0.630), leaf area (0.426) and number of fruitsglant (0.491) while negatively and
significantly correlated with seed/flesh ratio 4496). Rest of the characters like, node
number bearing first female flower (0.066), dayspening first female flower (0.289),
fruit breadth (0.206), number of seeds per frui®28) and yield per plant (0.345) were
positively and days to first harvest (-0.075), fnweight(-0.076) and 100 seed weight

(-0.103) were negatively associated with insigaificvalues.

Number of primary branches per plant exhibitedifgant positive association
with days to opening of first female flower (0.638)d fruit length (0.497). Characters
like days to opening of first male flower (0.39Baf area (0.161), days to first harvest
(0.104), number of fruits per plant (0.349), frbieadth (0.082), 100 seed weight
(0.005) and yield per plant (0.262) were positivedyrelated and node number bearing
first female flower (-0.155), fruit weight (-0.215)umber of seeds per fruit  (-0.257)

and seed/flesh ratio (-0.358) were negatively ¢ated with this character.

Node number bearing first female flower wasitively correlated with days
to opening of first male flower (0.065), numberfiefits per plant (0.105), fruit length
(0.172), seed/flesh ratio (0.108) and fruit yieldr gpplant (0.025) and negatively
associated with days to opening of first femalevéo (-0.157), leaf area (-0.243), days
to first harvest (-0.096), fruit weight (-0.248)uit breadth (-0.094), number of seeds
per fruit (-0.277) and 100 seed weight (-0.330).wdwer, in all these cases the

associations were not significant.

Days to opening of first male flower was positiveorrelated with days to
opening of first female flower (0.410), leaf ar€al167), days to first harvest (0.181),
number of fruits per plant (0.010), fruit weight@@8), fruit length (0.245), fruit breadth

(0.008) and yield per plant (0.037) and negatiasgociated with number of seeds per
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fruit (-0.108), seed/flesh ratio (-0.312) and 108ed weight (-0.123) having

insignificant value in all combinations.

Days to opening of first female flower was strigngnd positively correlated
with days to first harvest (0.643). Rest of therakters like leaf area (0.154), number
of fruits per plant (0.214), fruit length (0.012)it breadth (0.103), 100 seed weight
(0.041) and yield per plant (0.176) were positivayrelated and fruit weight (-0.047),
number of seeds per fruit (-0.202) and seed fledlo r(-0.288) were negatively

correlated with insignificant values.

There was significant and positive etation of the character leaf area with
number of fruits per plant (0.649), fruit weightgB1), fruit length (0.473), fruit breadth
(0.586), number of seeds per fruit (0.574), 10@ seeight (0.624) and yield per plant
(0.870). Seed/flesh ratio (-0.522) was negatively significantly associated with this
character while days to first harvest (-0.004) wasociated with this trait having

insignificant value.

Days to first harvest showed a positissogiation with fruit breadth (0.136) and
100 seed weight (0.009) and a negative correlatith number of fruits per plant
(-0.202), fruit weight (-0.067), fruit length (-@L0), number of seeds per fruit (-0.238),
seed/flesh ratio (-0.279) and yield per plant @0)1but the association was not

significant in all these cases.

Number of fruits per plant was sigrafntly and positively correlated with fruit
breadth (0.492) and yield per plant (0.857). It wasitively correlated with fruit weight
(0.055), fruit length (0.272), number of seeds fpeit (0.105) and 100 seed weight
(0.230) and negatively correlated with seed/flestior(-0.292) showing insignificant

values.

61



Table 10. Genotypic correlation co-efficient (§) between all pairs of 15 quantitative charactersn bitter gourd genotypes

Characters BN NNF | DMF | DFF | LA DH FN FW | FL FB SN SFR SW PY
VL . | 0.665° | 0066 | 0.659 | 0289 | 0.426| -0.075 | 0.491 | -0.076| %830 | 0206 | 0.026 o446 | 0103 0.345
BN Iy -0.155 | 0.391| 0.635| 0.161| 0.104| 0.349| -0.215 0.497 0.082 | -0.257| -0.358  0.005 0.262
NNF ry 0.065 | -0.157| -0.243 -0.096 0.105 -0.248 0.172 094.| -0.277| 0.108  -0.330 0.025
DMF Iy 0.410 | 0.157| 0.181] 0.01Q0 0.028 0245 0.0p8 -0.]08.312| -0.123 0.037
DFF Iy 0.154| 0.643 | 0.214 | -0.047, 0.012 0.103 -0202 -0.288  0.04] 0.1]
LA Iy 0.004 | 0649 | %63T | 0473 | 0586 | 0.574° o5os | 0624 | 0870
DH Iy -0.202 | -0.067 -0.040 0.136 -0.238 -0.279  9.00| -0.180
FN Iy 0.055| 0.272 0.492| 0.105 | -0.292  0.230 0.857
FW Iy 0.467 | 0.099 | 0.734 | -0.408| 0.616 | 0.539"
FL ry 0.076 |  0.391| , ,oq | 0.286 0.490
FB Iy 0.134 | -0.162  0.231 0.589
SN Iy -0.058 0593 | 0.472
SFR Iy 0.001 -0.414
sw Iy 0.54%

"and ™ indicates significant at 5% and 1% level respectigly
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Fruit weight was significantly capositively correlated with fruit length
(0.467), number of seeds per fruit (0.734), 10@ seeight (0.616) and yield per plant
(0.539). Further, fruit breadth (0.099) was posityvand seed/flesh ratio (-0.408) was

negatively correlated with this character havingjgnificant values.

Fruit length was positively correlated with yiefger plant (0.490) and
negatively correlated with seed/flesh ratio (-0)478 both these cases significant
association was visualized. On the other hand; lm@iadth, number of seeds per fruit
and 100 seed weight though exhibited positive aggon with this trait, but their

association was not significant.

Fruit breadth was strongly and positively corretatvith yield per plant (0.589).
Number of seeds per fruit (0.134) and 100 seed hef.231) were positively
correlated and seed/flesh ratio (-0.162) was negjgtassociated with this character.

However, the association in all these cases wagnifisant.

Number of seeds per fruit was significantly andippeely correlated with 100
seed weight (0.593) and yield per plant (0.472)tHar seed/flesh ratio (-0.058) was

negatively and insignificantly associated with ttligracter.

Seed/flesh ratio was positively and insignificgrabrrelated with 100 seed
weight (0.001) and negatively and significantly redated with yield per plant
(-0.414).

4.5  Path co-efficient analysis

In order to find out the cause and effect relaginp on yield per plant,
path co-efficient analysis was carried out takirg duantitative traits in bitter
gourd. The genotypic correlation of fruit yield pplant with other characters
(Table-10) were partitioned into component of diraod indirect effects that
would reflect on the nature of these associatiod ezlative importance of the
components in determining fruit yield.
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The path analysis based on genotypic correlafi@ble-11) revealed that
fruit number had the highest positive direct eff¢0t921) on yield per plant
followed by leaf area (0.815), number of primaratehes per plant (0.777) and
days to opening of first male flower (0.724) in erdFurther, positive direct effects
were also observed for number of seeds per frut6{), fruit length (0.390),
seed/flesh ratio (0.124), node number bearing festale flower (0.100), days to
first harvest (0.071) and fruit breadth (0.017) ingumoderate to low value. Rest of
the characters showed negative direct effect bhiggest in vine length (-1.614)
followed by followed by 100 seed weight (-0.506ayd to opening of first female
flower (-0.364) and fruit weight (-0.148).

Number of fruits per plant had the highest positirect effect (0.921) on yield
per plant. This highest direct effect were maimgulted by positive indirect effect via
number of primary branches per plant (0.271), madaber bearing first female flower
(0.010), days to opening of first male flower (OPOeaf area (0.529), fruit length
(0.106), fruit breadth (0.008) and number of sgedruit (0.048). The indirect effect of
number of fruits per plant via vine length (-0.798ys to opening of first female flower
(-0.077), days to first harvest (-0.014), fruit gii (-0.001), seed/flesh ratio (0.015) and

100 seed weight (-0.116) were in negative direction

Leaf area showed high positive direct effect (B)8Wwhich was mainly
contributed by indirect positive via number of pairm branches per plant (0.125), days
to opening of first male flower (0.114), number fodits per plant (0.598), fruit
length (0.184), fruit breadth (0.010) and numberse&ds per fruit (0.264). The
indirect effect of fruit length was in negativeeltion via vine length (-0.687), node
at which first female flower appeared (-0.024), slag opening of first female
flower (-0.056), days to first harvest (-0.001)itrweight (-0.093), seed/flesh ratio
(-0.064) and 100 seed weight (-0.316).

Number of primary branches per plant showingtpesdirect effect (0.777)

exhibited indirect positive effect via days to ojmgnof first male flower (0.283), leaf area
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(0.131), days to first harvest (0.007), numberrait per plant (0.321), fruit weight

(0.031), fruit length (0.194) and fruit breadthO@L) while for rest of the characters like
vine length (-1.074), node at which first femalewier appeared (-0.015), days to
opening of first female flower (-0.231), numbesegds per fruit (-0.118), seed/flesh ratio

(-0.044) and 100 seed weight (-0.002) the effestavanegative direction.

Other characters such as days to opening ofrfiedé flower (0.724), number
of seeds per fruit (0.461), fruit length (0.390)daseed/flesh ratio (0.124) showed
positive direct effect being lowest in fruit brea@.017). The lowest positive direct effect
for fruit breadth was due to negative indirect efféa vine length (-0.332), node number
bearing first female flower (-0.009), days to opgnof first female flower (-0.037), fruit
weight (-0.014), seed/flesh ratio (-0.020) and se@d weight (-0.117), in spite of

positive indirect effect via other traits for tlukaracter.

Vine length showed the highest negative directatf{-1.614). The indirect
effect of vine length via days to opening of fifsmale flower (-0.105), days to first
harvest (-0.005), seed/flesh ratio (-0.055), itespf positive indirect effects via number
of primary branches per plant (0.516), node at WwHicst female flower appeared
(0.006), days to opening of first male flower (@} 1eaf area (0.347), number of fruits
per plant (0.452), fruit weight (0.011), fruit lehg0.246), fruit breadth (0.003), number
of seeds per fruit (0.012) and 100 seed weighbg).0

Characters like 100 seed weight, days to ogeaf first female flower and
fruit weight showed negative direct effect mainig fruit weight (-0.091) and days to
opening of first male flower (-0.088), vine lendtd.466) and number of seeds per fruit
(-0.093), 100 seed weight (-0.312) and number mhgny branches per plant (-0.166)
in spite of high positive indirect effect via leaka (0.508), number of primary branches

per plant (0.493) and leaf area (0.514) respegtivel

From the path analysis, it may perused that numibkeuits per plant, leaf area,
number of primary branches per vine, days to opgeairfirst male flower and number of
seeds per fruit showed high direct effect on ypeldplant in bitter gourd. High indirect effect

through these characters were also visualized.
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Table 11. Estimate of direct (diagonal) and indireteffect of component characters on yield in bittegourd genotypes

Genotypic
Characters VL BN NNF DMF DFF LA DH FN FW FL FB SN SFR SW correlation
with yield
VL -1.614 | 0.516 0.006 0.477 -0.105 0.347 -0.0p5 0.452 0.011 .2480 0.003 0.012 -0.055 0.052 0.345
BN -1.074 0.777 | -0.015| 0.283 -0.231 0.131] 0.007 0.321 0.031 0.194 .0010 | -0.118 -0.044| -0.002 0.262
NNF -0.106 -0.120| _0.100 0.046 0.057 -0.198| -0.00p  0.09¢ 0.036 0.067 -0.q0%0.127 0.013 0.167 0.025
DMF -1.064 0.304 0.006 0.724| -0.149 0.128 0.012 0.009 -0.004 0.096 0.001 -0.0490.038 | 0.062 0.037
DFF -0.466 0.493 | -0.011 0.297 -0.364 0.125 0.045 0.197 0.006 0.004 0.001 -0.093 -0.039.020 0.176
LA -0.687 0.125 | -0.024 0.114 -0.056 0.815-0.001| 0.598 -0.093 0.184 0.01( 0.264 -0.064 -0.B16 0.870
DH 0.121 0.080 | -0.001 0.131 -0.234 -0.001__ 0.071-0.185 0.009 -0.015 0.002 -0.109 -0.034 -0.004 0.180
FN -0.792 0.271 0.010 0.007 -0.07y 0.529 -0.014 _ 0.9p1-0.001 0.106 0.008 0.048 -0.036 -0.116 0.857
FW 0.122 -0.166 | -0.025 0.020 0.017 0.514 -0.004 0.050-0.148 | 0.182 0.001 0.338 -0.050 -0.312 0.539
FL -1.018 0.386 0.017 0.177 -0.004 0.385 -0.002  0.250-0.069 0.390 | 0.001 0.180 -0.059| -0.14p 0.490
FB -0.332 0.063 | -0.009 0.005 -0.03y 0.478 0.009 0.453-0.014 0.029 0.017| 0.061 -0.020 | -0.117% 0.589
SN -0.042 -0.200| -0.027 -0.078 0.073 0.468 -0.017 ®.09 -0.108 0.152 0.002 0.461 -0.007 | -0.300 0.472
SFR 0.720 -0.278 | 0.010 -0.226 0.105 -0.4325 -0.019 ®.26 0.060 -0.187 -0.001 -0.026 0.124 -0.001 -0.414
SW 0.166 0.001 | -0.033 -0.088 -0.014 0.508 0.001 0.211-0.091 0.111 0.004 0.273 0.001 _ -0.5D6 0.545
Residual effect = 0.3293
VL =Vine length LA =Leaf area DH = Days to first harvest NNFNwade at which % female flower appeared
BN = Branch number FN = No of fruits permglaFB = Fruit breadth DMF = Ddgsopening of ¥ male flower
FW = Fruit weight SN =No of seeds peitfr SFR = Seed flesh ratio DFF = Dayspening of 1 female flower

SW =100 seed weight FL = Fruit length Fig@res underlined denoted the Direct Effect)
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This clearly indicated that number of fruits péarp and leaf area are two
important yield contributing components in bitteougd. Further, the correlation
co-efficient (0.857) between number of fruits plamp leaf area (0.870), (both causal
factor) and fruit yield per plant (the effect) bgipositive and having a little difference
with its direct effect (0.921) and (0.815) respesly explain the true relationship and
thus the direct selection through number of frpés plant and leaf area in bitter gourd

improvement programme could be result oriented.

4.6 Multivariate analysis of genetic divergence

Simultaneouwariation in all the characters of 23 genotypesewested for

assessing the nature of genetic divergence ameng fillowing ¥ analysis.
4.6.1 [Fanalysis

The D?values ranged from 48.82 between the varietie§Pviya) and Vs
(High Tech Meghana-2) to 959.70 between(Rusa Domousumi) and1V(Thusi)
indicating that some varieties are quite closeaitheother genetically while others are
strongly diversed (Table 12). The genetic closebesseen the varietiess{Priya) and
V23 (High Tech Meghana-2) was apparently due to tHesemess in characters such
as vine length (5.74m,4.43m), node number bearsgfémale flower (14.18,15.48),
100 seed weight (19.829,18.52g), number of prinbaaynches per plant (11.44,12.44),
fruit breadth (13.51cm,14.10cm), number of seedsfip (16.53,15.44), seed flesh
ratio (0.034,0.037) (Table-6). On the other hahé, maximum distance between V
(Pusa Domousumi) and:M Thusi) could be attributed to large differenc@imber of
primary branches per plant (7.77,13.77), days tenop first female flower
(41.38days,49.04days), leaf area (85.7%4M04 cm), number of fruits per plant
(8.10,23.20), fruit weight (109.409,10.749), faeihgth (15.96cm,5.20cm), number of
seeds per fruit (20.65,5.33). Other divergent corations were Vi (Thusi) and Vs
(Japani Green Kalara) ¢D= 707.32) and ¥ (Phule Greengold) and 1V (Thusi)
(D?=703.10) and Vi (Thusi) and \{7 (IIVR-5) (D?= 671.70); thus indicating Thusi as

a genetically different entry.
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Table 12. ¥ values between genotypes by recombination

Va2 V3 Va Vs Ve V7 Vs Vo ‘ Vio | Vi V12 Vi3 Via Vis Vie Va7 Vg Vi V20 Va1 V22 Va3

V1 | 285.4| 215.2| 462.5| 131.3| 266.2 230.5| 336.9| 221.6 | 168.8 237.0| 230.0 237.2| 364.4| 222.7| 158.4| 329.1| 153.5| 138.0 180.9 206.9 1113 268.0
V2 465.7| 563.9| 501.5| 160.1 308.7| 383.7| 331.9| 488.5 508.2| 368.2 305.8| 341.9| 494.7| 468.4| 597.9| 416.4| 410.2 555.6) 283.8 3712 4951
V3 255.0| 234.7| 391.6 244.8| 199.9| 185.5| 190.0 612.8 | 92.96 261.7| 233.2| 121.9| 99.89| 205.4| 126.9| 258.5 382.9 152.% 1231 _ 488
V4 380.0| 291.4 434.4| 414.9| 434.9| 504.4 959.7 | 278.5| 404.9| 227.6| 293.5| 296.6| 330.8| 306.5| 511.§ 612.0 434.6 453.0 2262
Vs 352.4| 314.9| 442.1| 300.7 | 158.5 304.4| 303.0 341.3| 422.5| 239.8| 163.0| 305.2| 134.0| 162.Q 220.9 340.4 1821 2374
Ve 278.5| 395.6| 394.4| 387.6 451.3| 263.3 199.8| 242.4| 433.7| 320.8| 427.6| 256.1| 304.2 369.1 246.6 3743 4447
V7 162.5| 105.6 | 391.1 422.5| 121.0 83.04| 130.4| 154.8| 136.9| 176.6| 200.6| 392.6 380.9 99.0 115.7 227\7
Vs 87.74| 358.% 703.1| 79.59 118.1| 90.10| 113.2| 199.5| 254.4| 257.5| 412.7 484.1 128.7 188.5 155.5
Vo 298.8| 453.0| 134.4 141.0| 134.2| 65.59| 195.1| 287.1| 191.6| 402.7 421.9 114.8 714 12418
V1o 331.3| 216.2384.7| 415.1| 289.5| 237.0| 441.0| 106.7| 134.1 215.8 252.9 184.9 267.8
Vi1 505.7| 377.6| 707.3| 606.6| 429.9| 671.7| 285.9| 197.7 130.3 403.8 3367 6657
Vi2 73.35 92.30| 118.2| 81.69| 156.3| 101.0| 255.3 301.3 61.5 124.6 113|9
Vi3 96.86 174.6| 165.4| 250.4| 135.8| 301.0 248.4 69.6 155.0 254{1
Vi 152.3 233.3| 284.0| 225.5| 470.5 501.8 161.9 2518 170.6
Vis 113.6 179.9| 166.4| 356.2 355.1 170.4 81.8 61.4
V16 49.17 109.7 206.n 255.5 131}5 95/4 31.9
V17 267.5| 4159 472.1 235.0 211}7 229.5
Visg 136.8 138.0 120.7 104.0 144(3
V19 97.4 270.1 232.8 325.8
V20 290.1 240.1 410.9
V21 82.6 199.8
V22 136.3
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\(s (IIVR-4) and V7 (IIVR-5) (D?= 49.17) and Y5 (High Tech Meghana-2)
and Vs (IIVR-2) (D? = 61.41) are the genetically close combinations ramthe

genotypes evaluated.
4.6.2 Clustering pattern and geographic origin

Twenty-three genotypes were grouped into sevéerelift genetic clusters on the
basis of genetic affinity/diversity as measured®Bysing Tocher’'s method (Table 13). The
cluster | comprised of three genotypes such @&¥een Long), ¥ (Priya) and V3 (High
Tech Meghana-2). The cluster Il comprised of twaetias such as ¥ (lIVR-4) and
V17(IIVR-5) while cluster Ill comprises of three vaias, \» (Arka Harit), Vi2(NBR Noble
Katahi) and V1 (Hirkani). Vo (Meghana-1) and ¥ (lIVR-2) belong to cluster 1V,
V7(CO-1) and \{3(Improved Katahi) belong to cluster V. The clus#icomprised
of three genotypes namelys\(Pusa Domousumi), &{Phule Greengold) and¥
(Japani Green Kalara) while cluster VIl being thegest group comprised of eight
varieties such as sM{Pusa Vishesh), &Pusa Asudhi), W (Peta Kalara), v
(Thusi), Vis (NDUAT-3), V1o (Nakhara Local), Yo (BBG-5) and \6, (Samanta

Goberta Green Long All Season).

From the above clustering pattern it was obsetlhiatigenotypes collected
from (Table-13) same locality (Geographical origihps also been clustered in
different groups. For example, IIVR-2, 1IVR-4 anty/R-5 collected from IIVR,
Varanasi has been clustered under two clusters asatiuster Il and cluster V.
Similarly the genotypes from different origin (lditg) such as Green Long, Priya
and High Tech Meghana-2 collected from Hyderabadd#a Pradesh), Kerala
(KAU) and Cuttack (Odisha) respectively has beemuged in cluster I. from the
above result it appears that there was no correspuare between clustering pattern
and geographic origin, rather there was fair cqroeslence between genetic

diversity and morphological diversity.
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Table 13. Clustering Pattern of 23 bitter gourd gentypes

Number of genotypes

SAMANTA GOBERTA GREEN LONG ALL SEASON(Y,)

Cluster No. included in the cluster Name of Genotypes Source of collection (Place
GREEN LONG(M4) Hyderabad, Andhra Pradesh
I 3 PRIYA(V3) KAU, Kerala
HIGH TECH MEGHANA-2(V23) Cuttack, Odisha
I 2 IVR-4(V 16),IIVR-5(V 17) IIVR, Varanasi
ARKA HARIT(V 2) IIHR, Bangalore
I 3 NBR NOBLE KATAHI(V 12) Nobel Seeds, Karnataka
HIRKANI(V 21) MPKYV, Rahuri
N 5 MEGHANA-1(Vy) Kumar Seeds, Odisha
IIVR-2(V 15) IIVR, Varanasi
v ) CO-1(v7) TNAU, Coimbatore
IMPROVED KATAHI(V 13) Nobel Seeds, Karnataka
PUSA DOMOUSMI(Vs) IARI, New Delhi
\ 3 PHULE GREEN GOLD(Y) MPKYV, Rahuri
JAPANI GREEN KALARA(V14) Amtala Hitech, West Bengal
PUSA VISHESH(\$), PUSA ASUDHI(\k) IARI, New Delhi
VI 8 PETA KALARA(V 10), THUSI(V11), NAKHARA LOCAL(V 1g), BBG-5(V20), Local collection, Odisha

NDUAT-3(V1s)

NDUAT, Faizabad
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4.6.3 Intra and inter-cluster distances

From the average intra and inter cluster distgoresented in Table-14, it is
evident that among the clusters, Cluster Il had rtheimum intra-cluster distance
(D? = 49.174) whereas maximum intra-cluster distale=(244.255) was observed in
Cluster V1.

The average inter-cluster distance revealedttiemost divergent clusters
were Cluster VI and VII (B= 437.461), followed by Cluster IV and VIl {& 322.148)
and Cluster Il and VII (B= 314.431) and Cluster Il and VIl {3 312.473).

46.4 Characteristic features of the clusters

The cluster means of fifteen quantitative charadier groups of bitter gourd

genotypes are presented in Table 15.

Cluster | consisting of three genotypes exhibitedmaximum value for days
to opening of first male flower (44.379 days) andhimum value for number of fruits

per plant (15.119). Rest of the characters havesimoderate expressions.

Cluster Il having two genotypes was characteripedts highest values for
characters like vine length (7.130m), number afnany branches per vine (15.995) and
fruit length (25.050 cm) while fruit breadth (9.1@®) and seed flesh ratio (0.038) were

the lowest.

Cluster 1l consisting of three genotypes had tisértttion of having the lowest
values for characters such as node at which &rsiafe flower appeared (17.842) and
days to opening of first male flower (36.777 daykijle seed/flesh ratio (0.119 ) was
the highest.

Cluster IV comprising of two genotypes had maxamalues for most of the
characters like days to opening first female flo@.980 days), leaf area (106.732gm
days to first harvest (70.545 days), fruit brea(td.180 cm) and yield per plant
(2176.3159) respectively.
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Table 14. Intra Diagonal and Inter cluster averagéD?) corresponding D (/D? Values (in parenthesis) among groups

Cluster | I i W Y, Vi Vil
| 177.359 192.738 249.181 156.367 242734 267.180 264.197
(13.318) (13.883) (15.785) (12.505) (15.580) (16.346) (16.254)

| 49.174 278.507 193.942 182.404 266.489 314.431
(7.012) (16.689) (13.926) (13.506) (16.324) (17.732)

0 237.873 227.467 162.942 273.934 312.473
(15.423) (15.082) (12.765) (16.551) (17.677)

v 65.593 144.043 202.673 322.148
(8.099) (12.002) (14.236) (17.948)

¥ 83.047 224571 283.822
(9.113) (14.986) (16.847)

v 244,255 437.461
(15.629) (20.916)

233.251

Vil (15.273)
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Table 15. Mean of 15 characters in differdrclusters of bitter gourd genotypes

Clusters

I I 11 v \% Vi Vi
(3) (2) ®3) (2) (2) ®3) (8)
VL 5.182 7.130 4.427 3.938 4.902 3.188 3.361
BN 11.662 15.995" 11.756 11.497 10.608 9.773 11.258
NNF 18.684 21.265 17.842 20.333 20.220 21.653 20.035
DMF 44379 40.847 36.777 38.613 37.878 37.830 37.843
DFF 52.316 51.735 43.164 56.980 44.807 42.044 49.269
LA 92.547 90.647 88.387 106.732 94.742 97.609 63.870
DH 63.310 59.697 57.280 70.545 52.833 54.153 66.133
FN 15.119 24.610 20.220 32.608 34.917 21.807 15.734
FW 68.554 61.567 54.266 75.493 56.673 897189 44,122
FL 12.711 25.050° 12.929 13.333 15.143 16.126 10.411
FB 12.440 9.170 13.794 14.180 12.387 12.023 9.149
SN 14.952 15.203 16.794 17.440 13.553 18.069 12.419
SFR 0.072 0.038 0.119 0.067 0.073 0.060 0.087
SW 18.944 17.267 17.840 18.967 19.102 18.51 15.546
PY 1024.092 1415.115 1073.656 2176.315 1941.272 1699.548 587.744

* and ** indicate lowest and highest values resivety

figures in the parenthesis indicate number of cai in a cluster.
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Cluster V also having two germplasm wlaaracterized by its highest value with
respect to the traits like number of fruits pernpl§34.917) and 100 seed weight
(19.1029g) and lowest value for days to first har¢B2.833days).

Cluster VI consisting of three germplasm exhibiteghest value for node
number bearing first female flower (21.653), fruieight (89.189g) and number of
seeds per fruit (18.069) while lowest value was abhibited for vine length (3.188m),
number of branches per vine (9.773), days to opeairfirst female flower (42.044
days) and 100 seed weight (18.51g).

Cluster VIl comprising of eight genotypes was eloterized by its lowest values
for leaf area (63.870 &) fruit weight (44.122g), fruit length (10.411cmymber of seeds
per fruit (12.419), 100 seed weight (15.546q) aettlyer plant (587.744Q).

4.6.5 Relative contribution of characters to divegence

The relative contribution of 15 quantitative tsaib genetic divergence among
the 23 genotypes of bitter gourd was assessednryanzerage of individual character

over all 253 paired combinations and presentedainléF16.

Table 16. Relative contribution to different characters to genetic divergence in bitter
gourd genotypes
No. of first %

Sl No. Characters rank Contribution
1. Vine length (m) 0 0.000
2. Number of primary branches per plant 0 0.000
3. Node no bearing®female flower 1 0.395
4, Days to opening of*imale flower 1 0.395
5. Days to opening®1female flower 7 2.766
6. Leaf area(cA) 5 1.976
7. Days to 1 harvest 2 0.790
8. Number of fruits per plant 15 5.928
9. Fruit weight(g) 43 16.996
10. Fruit length(cm) 18 7.114
11. Fruit breadth(cm) 16 6.324
12. Number of seeds per fruit 11 4.347
13. Seed flesh ratio 57 22.529
14. 100 seed weight(g) 24 9.486
15. Yield per plant 53 20.946

Total 253 100
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The character contributing maximum divergence sa@gdater emphasis for
deciding on the cluster for the purpose of selectibparents in respective cluster for
hybridization. The number of times, each of themmponent character appeared first in
rank and its respective percent of contribute owatds genetic divergence was

analyzed.

The perusal of data in Table-16 revealed #émabng the yield contributing
characters, the maximum contribution towards digaog was made by seed/flesh ratio
(22.529%) followed by yield per plant (20.946%) dndt weight (16.996%). Rest of
the characters contributing towards divergence @ seed weight (9.486%), fruit
length (7.114%), fruit breadth (6.324%), numbefraits per plant (5.928%), number
of seeds per fruit (4.347%), days to opening cf fiemale flower (2.766%), leaf area
(1.976%), days to first harvest (0.790%) and naalalver bearing first female flower
and days to opening of first male flower each hgvi@.395%) in order. Further,
seed/flesh ratio followed by yield per plant andgitfiveight occupied first rank 57, 53
and 43 times respectively among the 253 pairedachens taken for study.
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DISCUSSION

In any crop improvement programme, practical appiln of breeding
methodology and its success depends on the amodntaure of genetic variability
existed in the base population that is evaluatednfiprovement. Adequate variation
among genotypes/varieties and the mode of inheetahcharacter analysed on per se
performance of the progeny are basis to succemsyirtrop improvement programme.
Yield of any crop is a complex character and isifieated in superior expression of its
components. Considering the importance of thes®rador improvement in bitter
gourd, an experiment was laid out during the khsgdison of 2014 at Department of
Vegetable Science, OUAT, Bhubaneswar to selecstperior genotypes in order to
improve their productivity and adaptability undedi€ha (Bhubaneswar) condition.
The experimental findings of the above studiegpaesented in foregoing chapters have

shown some outstanding results which have beenstied here after.

5.1 Pattern of variation in plant attributes

It is established that yield is the most econonhiaracter in any crop. Other
supporting characters influencing yield and yidakelf are governed by polygenes
which are quantitatively inherited (Hayes, Immed é&mith, 1955). Further, in any
improvement programme selection based on phenotgtiservations (visual/
measured), their reflection on genotypic value mmt hold good unless the
observations on the quantitative characters argstiglol and interpreted according to
statistical procedures, since the ultimate effeeidyis much influenced by the
environmental factors where the crop is grown .réfoee, in addition to calculating
ANOVA, the genetic parameters like mean, rangeardnces for different traits in
bitter gourd have been computed to draw a validrarice on the genotypes evaluated

in the present study.

An examination of ANOVA (Table-5), the nature andgnitude of variability
for 15 different quantitative characters can bardjeunderstood in bitter gourd. The
values indicated highly significant differences fall the characters under study,
thereby suggesting existence of great amount oat@m among the genotypes. So,
there is a scope for considerable improvementdrctbp through the characters studies

such as vine length, number of primary branchegplaat, node number bearing first
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female flower, days to opening of first male flowdays to opening of first female
flower, leaf area, days to first harvest, numbefroits per plant, fruit weight, fruit
length, fruit breadth, number of seeds per frieediflesh ratio, 100 seed weight and
yield per plant. Similar to the present findinggngficant differences for various
characters was reported by Ratral. (2006), Agasimanét al. (2008), Yadawet al.
(2008), Islanet al. (2009), Guptat al. (2013), Yadaet al. (2013), Pathakt al. (2014),
Singhet al. (2014) and Singht al. (2015) in bitter gourd; Pandat al. (2009) in bottle
gourd; Akteret al. (2013) in pumpkin; Dubest al. (2013) in ridge gourd; Kumat al.
(2013) in sponge gourd and Munavetal. (2015) in tinda gourd.

It may be generalized from the statistics of gngean and general mean
values of the character that there is a greatafeariability for each character under
study. Further, the magnitude of wide spectrum afiation as visualized in each

character suggests a better opportunity of selgcgimotypes for specific goals.

Among the genotypes IIVR-5 produced longesewvhile Pusa Vishesh was
identified as dwarf genotype. Similarly, highestmher of primary branches produced
by IIVR-5 while Pusa Domousumi produced lowest nembf primary branches
having vine length of lower side. Thus in bitteugd genotypes producing longer vines

also produced more number of branches per vine.

Considering the flowering behavior and harvestsugh as node number
bearing first female flower, days to opening ostfimale flower, days to opening of
first female flower and days to first harvest, mordess parallelism effect has been
noticed for these characters indicating that theharacters are much more

interdependent and interrelated.

With regards to different direct contributesyald such as number of fruits per
plant, fruit weight, fruit size (length and breadthumber of seeds per fruit and seed
weight from the phenotypic mean values, it may baegalized that the variations
observed are high in magnitude within among theotgres. Further, a direct
relationship between fruit size with fruit weightchan inverse relationship between
fruit number and fruit weight with some slight datwons has been observed. Further,
the genotypes having medium fruit size, more nunabéruit per vine, more number
of 100 seed weight, a medium number of seed/ flasb and more number of seeds
per fruit are high yielders showing a happy indmatf synergistic effect with a very
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favourable disposition for selection. Instead ofngecompetitive, the compatible
association of these characters as evident inghetgpes may be explained due to their
further association with other yield attributingachcters like growth habit (plant
vigour), branching nature, flowering behavior, leaka and days to first harvest.
Considering all these characters together, the tgpas showing high to moderate
value for most of the yield attributing charactersducing higher yield in the long run
in order of merit are CO-1, Phule Greengold, IIVRMEghana-1 and Japani Green
Kalara are suitable to be grown in Bhubaneswar itiond

Two aspects are most important for understantfiadreeding principles i.e.
(i) selection cannot create variability but actyooih that which is already in existence,
(ii) selection can act effectively only on heritaldifferences (Allard, 1960).Thus it is
a prime requisite for selection is to ascertain twbegenetic variability is present at
significant level or not in the evaluated populatiBurther, the phenotypic mean values
are the basis of comparison may fall far short effuirement and may even be
misleading as the phenotypic effect sometimes émibed by the environment, thereby
may not necessarily represent the genotypic valtegavoid this confusion for correct
interpretation of data on a logistic genetic pnohej statistics such as variance and co-
efficient of variation etc. need to be computeddmwing valid inference. Estimate of
genetic parameters such as phenotypic and genotygriance along with their
co-efficient of variation as suggested by Burton &evance (1953) afford a sound
basis to assess the variability components solasote the relative amount of heritable

and non-heritable variation for each of these attara.

From the present investigation, it is clearly aled that there lies a wide
range of phenotypic as well as genotypic variafi@riance) for all the 15 quantitative
characters studied in bitter gourd (Table-7). Titerpretation of minimum variation
between these two parameters in most of the clesacidicated that environment has
little effect in expression of this character am@ipotype truly represents the genotype.
The existence of large genotypic variability foe ttharacters like yield per plant, fruit
weight, leaf area, number of fruits per plant, deydirst harvest etc. indicated that
major part of these characters are attributed tiirots additive interaction instead of
dominance and epistatic component and usually favan effective selection. The
present findings are in agreement with findingsoregal earlier by Agasimarat al.
(2008) for fruit yield and number of fruits per einislamet al. (2009) for fruit weight,
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Singhet al. (2014) for most of the characters studied irebigourd; Khulest al. (2011)
for number of fruits per plant, fruit weight andeld per plant in sponge gourd and

Kumaret al. (2013) for yield per vine and fruit weight in spe gourd.

In comparing the phenotypic coefficient of vamatiwith genotypic coefficient
of variation (Table-8), it is observed that in gelgthe former values are greater than
the later in respect of all the quantitative chaecstudied. Further, the differences
between these two values are quite less in mdbeatharacters suggesting a negligible
influence of environment on such characters. Bletgk (2003), Narayast al. (2006),
Rajaet al. (2007) and Yadaet al. (2013) in bitter gourd reported similar trend of
variation for genotypic coefficient of variationcphenotypic coefficient of variation
of various characters studied which is in confoymiith the present findings. Further,
phenotypic coefficient of variation showing parhflsn effect with the genotypic
coefficient of variation indicated that phenotypesy represent the genotypes. In the
present investigation presence of high to modegatetypic coefficient of variation
for seed/ flesh ratio, yield per plant, numberrafté per plant, fruit weight, fruit length
and fruit breadth indicating the presence of gootuant of variability among the
genotypes evaluated, so selection for these cleasagill be beneficial in bitter gourd
improvement programme. In agreement with the pteBedings, higher genotypic
coefficient of variation as well as phenotypic daéént of variation was reported by
Mangalet al. (1983) for yield, number of fruits per vine andif weight, Islamet al.
(2009) for number of fruits per plant and fruit glei, Chakrobortyet al. (2013) for
fruit yield, fruit weight, fruit length, number dfuits per vine and Pathad al. (2014)
for number of fruits per vine, fruit weight and itrlength in bitter gourd; Pandeyal.
(2009) for fruit weight and yield per plant in snayelon; Akteret al. (2013) for yield
per plant in pumpkin; Jat al. (2014) for fruit weight and yield per vine in auaber.

The index of transmissibility of a character mpteted by heritability is of
interest to a plant breeder primarily as a meastiselection for a particular character
in various type of progenies. A character not iaflced by environment will have high
heritability (Poehlman and Borthakur, 1972). FurthRandhawaet al. (1975)
suggested that higher the heritability value dharacter, less will be the environmental
influence thereby, indicating better opportunityr feelecting a genetically ideal
individual. In the present investigation, very higéritability (above 85%) in broad
sense has been recorded in eight characters sunhitageight, seed/flesh ratio, leaf

79



area, number of fruits per plant, fruit length,itfloreadth, yield per plant and days to
opening of first female flower, suggesting thatsthecharacters might be highly
heritable and less influenced by environment anecsag the genotypes basing on
such characters could be worthwhile. Results obthinere in agreement with the
findings of Srivastava and Srivastava (1976) fambar of fruits per plant, Mangat

al. (1983) for yield, number of fruits and fruit whigy Narayaret al. (2006) for fruit
length, number of fruits per plant and yield pexnt) Islamet al. (2009) for days to
first female flowering, Dalamu and Behera (2013)damber of fruits per plant and
fruit weight, Chakrabortyt al. (2013) for fruit yield per plant, Gupt al. (2013) for
fruit size, Yadawt al. (2013) for fruit length, days to opening of fifsmale flower,
fruit numbers per vine, Pathak al. (2014) for fruit weight, fruit length, number of
fruits per plant and Singtet al. (2015) for number of fruits per plant in bittevuyd;
Sanwalet al. (2007) for fruit yield in sweet gourd; Dubeial. (2013)for fruit weight
in ridge gourd and Chodhumt al. (2014) for fruit length in ridge gourd; Jeit al.
(2014) for fruit weight in cucumber; Muralidhat al. (2014) for days to opening of
first female flower, fruit weight in pumpkin; Munawet al. (2015) for leaf area, fruit

length, fruit number, fruit weight and fruit yiefger plant in tinda gourd.

According to Weber and Moorthy (1952), informatmoncerning heritability of
guantitative characters, genetic and environmestahnces when considered together
will be helpful for improving efficiency of the saition. In the present investigation,
comparing the heritability estimated with genotygmefficient of variation values
(Table-8), high values are obtained for both theupeeters for seed/ flesh ratio, number
of fruits per plant, yield per plant, fruit weiglftyit length and vine length. So selection
may be quite effective based on these characteb#iter gourd. High coefficient of
variation and heritability was reported for vinadgh, fruit length and yield per plant
by Dubeyet al. (2013) in ridge gourd, which is in accordancehwiite present findings.

In spite of importance of heritability estimatedrop improvement programme
involving selection, the scope is limited due t® liroad sense estimation as well as
their prone to change with change in environmendtthe tested material. Further, the
heritability estimate by itself may not be solehdauseful index of genetic potentiality
of a character. According to Eswrg al. (1963) genetic advance indicate the
potentiality of selection at a particular level sdlection intensity. Thus, heritability
estimate along with its genetic advance are mdiabte than heritability alone in
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predicting the response to selection (Johns#iah., 1955; Robinson, 1963). It is an
established fact that, high heritability will nohawv high genetic advance for a
particular character under selection. But in caglesere such compatible association
exists (high heritability and high genetic advancejiditive genes come into
prominence, because no genetic advance is duataduitive genes. A selection based
on a character showing high genetic advance maiyathés particularly in case of
directional selection when the main aim of seleti®to change the mean value of a
character to have better standards. On the othet, lagh heritability accompanied
with low genetic advance indicates the prominentenan additive gene effect,
suggesting heterosis breeding instead of direec8eh. In the present investigation,
high heritability coupled with high genetic advarfoe characters such as yield per
plant, fruit weight, leaf area, number of fruitsr gmant, days to first harvest may be
ascribed due to additive genes (Panse and Sukha8td; Liang and walter, 1968)
and may become favourable for selection. Similarthe present findings high
heritability along with high genetic advance wasareed by Raja&t al. (2007) for fruit
weight and yield per plant, Chakraboetyal. (2013) for fruit yield, Guptat al. (2013)
for fruit weight, Yadawt al. (2013) for number of fruits per vine, Pathatlal. (2014)
for fruit weight and number of fruits per plantp§het al. (2015) for number of fruits
per plant and fruit yield per plant in bitter gou&hnwalet al. (2007) for fruit yield in
sweet gourd; Veeng al. (2012) for days to first harvest, number of fsyser plant in
cucumber; Devi and Mariappan (2013) for fruit yialod number of fruits per plant in
snake gourd and Basavrajesweiral. (2014) for number of fruits per plant and fruit
yield in cucumber. Whatever deviations are obsemdte present study from that of
the previous worker may be interpreted due to diffee in genetic material tested on

different environmental conditions.

By taking a simultaneous study of three imporigenetic parameters such as
genotypic coefficient of variation, heritabilitytemate and predicted genetic gain at a
glance characters such as seed/flesh ratio, yeiglant, number of fruits per plant,
fruit weight, fruit length and vine length showihggher values for the above three
important genetic parameters suggesting additives getion for expression of these
characters. So, direct selection through these acters will be effective in
improvement programme of bitter gourd. This is enformity with the findings of

previous workers as reported the higher value licg three genetic parameters by
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Srivastava and Srivastava (1976) for number otdrpéer plant, Mangadt al. (1983)
for yield per plant, number of fruits per plant dndt weight, Narayart al. (2006) for
fruit length, number of fruits per plant and fryield, Devmoreet al. (2010) for fruit
length, vine length and number of fruits per pledbalamu and Behera (2013) for
number of fruits and fruit weight in bitter gourkter et al. (2013) for yield per plant
in sponge gourd and Veeslal. (2012) and Basavrajeswatial. (2014) for number

of fruits and fruit yield in cucumber.
5.2 Character association (Correlation study)

In bitter gourd, the fruit yield is most importacttaracter which is the ultimate
effect of interaction of several quantitative cltdeas that are highly susceptible to
change in environment. Therefore, selection basetfwt yield alone may not be a
very sound criterion for effective selection. Itastablished that various component
characters that are directly and positively coteglawith fruit yield often act as an
useful indicator in selection. Hence, a sound keolgé of such association among
yield and its components is of prime importancplanning a successful improvement
programme in bitter gourd. Robinsons (1966) suggkthat, correlation studies are
helpful in choosing superior genotypes from phepiatgxpressions. Therefore, after
getting information on variability, heritability dngenetic advance available in the
present set of genotypes taken for study attengw, been made to examine the
interrelationship of these quantitative charactérsugh correlation studies both at

genotypic and phenotypic levels.

The perusal of results Table-9 and 10 of the prteiseestigation showed that
the genotypic correlation coefficient was of higheagnitude for most of valuable pairs
than the phenotypic correlation coefficients sugjggsthat there is a strong inherent
association between the various characters studiether genotypic correlation
coefficient showing values parallel to that of pbipic correlation coefficient,
assuming that there is not much influence of emvirent in determining the association
of these attributing characters with the fruit giet bitter gourd which is probably due

to a strong genetical make up of the evaluatedtgpes.

According to Wigan and Mather (1942) and Spardi#66), a strong positive
association of character with yield may be atteluto linkage and pleiotropy. In the
present study, significant positive correlationtbat phenotypic and genotypic level
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were observed for fruit yield with leaf area, numbe fruits per plant, fruit weight,
fruit length and 100 seed weight. Further, leahaséeing significantly correlated with
yield is also positively and significantly corrdd with number of fruits per plant, fruit
weight, fruit length, fruit breadth, number of seger fruit and 100 seed weight in both
the levels. Similarly, number of fruits positiveand significantly correlated with fruit
breadth, fruit weight, fruit length and number ekeds per fruit. These associations
suggested that selection for these component siaisltaneously will be effective in
improving yield of bitter gourd. In case of othexipof character showing significant
negative correlation as well as insignificant valusther positive or negative at a
phenotypic and genotypic level have least impordnc effective selection based on
these characters. Result of similar trend wereraigorted by Srivastava and Srivastava
(1976), Mangalkt al. (1983), Parhit al. (1995), Rajputt al. (1996), Bhaveet al.
(2003), Deyet al. (2005), Rarret al. (2006), Kumaet al. (2008), Yadawt al. (2008),
Islamet al. (2009), Singtet al. (2012), Chakravortgt al. (2013), Dalamu and Behera
(2013), Radha Rarmt al. (2014), Singhet al. (2014) and Singkt al. (2015) in bitter
gourd; Sanwadt al. (2007) in sweet gourd; Pandetyal. (2009) in snap melon; Hossain
et al. (2010) in cucumber; Resmi and SreelathakumaryZpid ash gourd; Choudhury
et al. (2014) in ridge gourd and Rasldidal. (2014) in snake gourd.

From the above discussion on correlation it mayirtferred that leaf area,
number of fruits per plant, fruit weight, fruit lgth, 100 seed weight, vine length and
number of seeds per fruit are the important cotedlaharacters contributing towards
fruit yield in bitter gourd and simultaneous impeovent in these characters will be

helpful in bitter gourd improvement programme.

5.3 Direct and indirect effects of characters

Correlation coefficient which measure the assammatbetween any two
characters may not always give true comprehendingiah complex situation. The
associations between any two characters which easuned do not exist by themselves
alone but are part of complicated pathway in wtuther traits are also intermingled.
The indirect associations become complex and irapbdue to number of variables in
the correlation study. Further, the mutual relatltop among different characters which
may be positive or negative make the situation dmaed. In such situation, path

coefficient analysis devised by Wright (1921), pd®s a better knowledge as it reveals
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direct and indirect causes of association and gsrenicritical examination of the
specific courses acting to produce a given corilabnd measure the relative
importance of each casual factor. The cause amdtefélationship with the values
of correlation and path coefficient (direct andiredt effect) are presented in Table-
11 for the components of yield at genotypic levethe present investigation are

discussed below.

The genotypic path coefficient analysis reveaked humber of fruits per plant,
leaf area, number of primary branches per plants & opening of first male flower,
number of seeds per fruit, fruit length, seed/Hleatio, node number bearing first
female flower, days to first harvest and fruit lmiahave shown positive direct effect
on fruit yield having maximum in fruit number folled by leaf area, number of
primary branches per plant, days to opening of firale flower, number of seeds per
fruit and fruit length in descending order. On ttkeer hand, maximum negative direct
effect was observed in vine length followed by He@d weight, days to opening of
first female flower and fruit weight in order. Tlbaracters showing low, positive or
negative direct effect are resulted due to canoetidy their respective indirect effect
via number of fruits per plant, leaf area, numdgsromary branches per plant, days to

opening of first male flower, number of seeds peit find fruit length.

The indirect effect of fruit number via leaf areamber of primary branches per
plant, node number bearing first female flower, &y opening of first male flower,
fruit length, fruit breadth and number of seeds fpeit thus producing high positive
direct effect for these characters. Similarly, laefa, number of primary branches per
plant, days to opening of first male flower, numbéseeds per fruit and fruit length
have the high direct effect via fruit number, numbé fruits per plant and days to
opening of first male flower, number of primary bches per plant, leaf area and
number of seeds per fruit respectively. High puesitilirect effect of number of fruits
per plant on fruit yield of bitter gourd as obsehia present investigation was also
reported by Sharma and Bhutani (2001), Bhet\ad. (2003), Deyet al. (2005), Radha
Raniet al. (2014) and Singht al. (2015) in bitter gourd; Sanwet al. (2007) in sweet
gourd; Pandewt al. (2009) in snap melon; Hossahal. (2010) in cucumber; Resmi
and Sreelathakumary (2012) in ash gourd; A&tef. (2013) in pumpkin; Dubest al.
(2013) and Chodhurst al. (2014) in ridge gourd; Janaranjani and Karthasyv15)
in bottle gourd.
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Similarly, high positive direct effect of numbef mrimary branches per plant
and fruit length on yield as observed in presevgstigation was also reported by Dora
et al. (2002) in bottle gourd and Hossa&ral. (2010) in cucumber.

On the basis of foregoing discussion, it may lberred that number of fruits per
plant, leaf area, number of primary branches pantpidays to opening of first male
flower, number of seeds per fruit and fruit lenbd considerable direct contribution
towards fruit yield. High indirect effects throughese traits were also observed.
Further, out of the above mentioned six charactemsber of fruits per plant, leaf area
and fruit length showing significant positive cdaten with fruit yield, direct selection

for these characters could be beneficial for imprognt in yield of bitter gourd.
5.4  Genetic divergence

The multivariate analysis based on Mahalonolfisttistics is being employed
as a powerful tool for measuring the genetic digeage among the test genotypes (Nair
and Gupta, 1971). Further, published reports of &ananet al. (1974) have
emphasized the merits of Bratistics for genetic grouping of germplasm. i phesent
study the genotype by multivariate techniques hetvewvn some interesting results

(Table-13) are discussed below.

It is an established phenomenon that hybrid dévies from divergent parents
are found to be promising because of complemerméeyaction of divergent genes in
the parents. From the present investigation, alldteonsisting of three genotypes and
cluster VII consisting of eight genotypes are mdreergent clusters. So, promising
hybrid derivatives can be obtained by crossing miaref these two divergent groups.
Further, Pusa Domousumi and Thusi are the two gersttically divergent genotypes
and hybridization involving this two could be resotiented. Some promising results
may also be obtained between Thusi and Japani Gaena, Thusi and IIVR-5, Thusi
and Phule Greengold and Thusi and Samanta Gobegten@&ong All Season. These
genotypes are expected to produce heterotic hybridsvide variation in segregating

generations favouring selection of superior progeny

The clustering pattern does not necessarily besy eelevance with

geographically origin of the test genotypes obsgrvethe present study. Such an
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observation is in conformity with the findings oéfpet al. (2007), Kundet al. (2012),
Resmi and Sreelathakumary (2012) and Seigh. (2013) in bitter gourd.

It was also observed that charactkesdeed/ flesh ratio, yield per plant, fruit
weight predominantly contribute towards geneticedyence. Further, 100 seed weight,
fruit size (length and breadth), number of fruies plant also contribute considerably
towards genetic divergence in bitter gourd. Scect@n of parents differing in above
mentioned seven quantitative characters provedetaideful for heterosis breeding
programme in bitter gourd. Sunderam (2008), Kuetdal. (2012), Singtet al. (2012),
Singhet al. (2013) and Singkt al. (2015) reported distinct role of fruit weightuitr
yield and fruit length, fruit yield and 100 seedig¥d, fruit weight, number of fruits per
plant and fruit weight and fruit weight and fruienigth respectively contributing towards

divergence in bitter gourd similar to our presendings.
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SUMMARY AND CONCLUSION

6.1 Summary

During the course of present investayaentitled “Variability studies in Bitter
gourd Momordica charantia L.)” attempt was made to assess the comparative
performance of genetic variability, character agg@mmn, the cause and effect
relationship to determine the direct and indiremtdbution of various characters to
the most economic character fruit yield throughhpeatalysis and genetic divergence
among the genotypes by Mahalonobisdatistics, to select and formulate a suitable
breeding programme for improvement in bitter gout8.genotypes collected from
different geographical locations were subjectedet@luation for 15 quantitative
characters such as vine length, number of primaapdhes per plant, node number
bearing first female flower, days to opening ostfimale flower, days to opening of
first female flower, leaf area, days to first hatyenumber of fruits per plant, fruit
weight, fruit length, fruit breadth, number of seqxer fruit, seed/flesh ratio, 100 seed

weight and yield per plant.
The results of the investigation are summarizelow.

1. Analysis of variance indicated that 23 genotypdsitbér gourd under study differ
significantly among themselves for all the 15 quative characters. Further,
wide range of variation was noticed as revealeoutpn statistics of mean, range
and coefficient of variation suggesting considezabiprovement achievable in
this crop. However, some of the promising genotypeslucing desirable values
for yield and its attributes are CO-1, Phule GredagllVR-2, Meghana-1 and
Japani Green Kalara are in order of merit and Blgatéor growing in Odisha

condition.

2. Closeness of phenotypic coefficient of variatio@{F and genotypic coefficient
of variation (GCV) for most of the characters saatlindicated that phenotype
represents true to the genotypes. Expression di tbgmoderate GCV in

characters like seed/ flesh ratio, yield per plantnber of fruits per plant, fruit
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weight, fruit length and fruit breadth indicatecbgcamount of genetic variability

among the test genotypes. So, selection basedesa tiaracters will be useful.

High to very high heritability (above 85%) was reded in eight characters such
as fruit weight, seed/flesh ratio, leaf area, nundédruits per plant, fruit length,
fruit breadth, yield per plant and days to openifidirst female flower while
moderate heritability was observed in rest of tharacters being lowest in

number of primary branches per plant (55.0%).

Highest genetic advance in percentage of mean served in seed/flesh ratio
followed by yield per plant, number of fruits pdamt, fruit weight, fruit length

and vine length (above 60%) in order of merit. Letvmealue for this parameter
was recorded in days to opening of first male flo\{@&3.939%). Rest of the

characters showed moderate value (above 20%)ifogémetic parameter.

Considering the heritability estimate and geneticaamce together the characters
like yield per plant, fruit weight, leaf area, nuentof fruits per plant and days to
first harvest showing higher values for both theapgeters may be due to additive
gene effect. So, in bitter gourd selection basedttmse characters will be

effective.

Further, reviewing the three important genetic pai@r such as genotypic
coefficient of variation, heritability estimate agénetic advance as percentage
of mean all together at a glance phenotypic selediased on seed/flesh ratio,
yield per plant, number of fruits per plant, frigight, fruit length and vine length
may proved an effective criteria for direct select{due to additive gene effect)
and less influenced by environment. For rest of ¢haracters showing high

heritability and low genetic advance warrant hegeybreeding for improvement.

Genotypic correlation coefficient showing higherlues than phenotypic
correlation coefficient for most important valuapkrs of characters influencing
fruit yield suggested that there is a strong inhieassociation between the various
characters studied. The occurrence of significargitiye correlation both at

phenotypic and genotypic level for fruit yield widnaf area, number of fruits per
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10.

11.

plant, fruit weight, fruit length and 100 seed weigvine length with number of
primary branches per plant, days to opening of firale flower and fruit length;
days to opening of first female flower with daysfitst harvest; leaf area with
number of fruits per plant, fruit weight, fruit lgth, fruit breadth, number of seeds
per fruit and 100 seed weight; number of fruits plant with fruit breadth; fruit
weight with fruit length, number of seeds per fraitd 100 seed weight and
number of seeds per fruit with 100 seed weight satggl that selection for these
component trait simultaneously will be effectiveimproving the fruit yield in
bitter gourd. Rest of the character combinationsriganegative and insignificant

positive value offer least importance for effectsedection.

Path coefficient (genotypic path) analysis of vasiogquantitative characters
indicated that number of fruits per plant, leafaaneumber of primary branches
per plant, days to opening of first male flowermer of seeds per fruit and fruit
length have high positive direct effect whereag\ength, 100 seed weight, days
to opening of first female flower and fruit weighéve direct negative effect on

fruit yield of bitter gourd.

By using [F statistics and Tocher’'s method, the 23 genotypes g@uped into
seven clusters. Cluster VII, the largest group itimg of eight number of
germplasm. Then cluster I, Il and VI are the sectangest group consisting of
three genotypes in each. Cluster II, cluster IV ahgster V are the smaller
clusters consisting of two germplasm in each.Thetel VI and VIl are the most
divergent clusters. Pusa Domousumi and Thusi teetwo most genetically

divergent genotypes.

The clustering pattern in relation to the geogramhigin of the test genotypes/

germplasm was found to be inconclusive.

The characters like seed/flesh ratio, yield penfpluit weight, 100 seed weight,
fruit length and number of fruits per plant cont® considerably towards

divergence being of higher magnitude (above 15%yshthree character.
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6.2 Conclusion

From the findings of the present investigatiormay be concluded that besides
direct selection for fruit yield, indirect seleatidghrough seed/flesh ratio, number of
fruits per plant, fruit weight and vine length shbube considered for further
improvement in fruit yield of bitter gourd. Furthézaf area, number of fruits per plant,
fruit weight, fruit length and 100 seed weight lpisignificantly and positively
correlated with yield, selection for these compdneaits simultaneously will be
effective in improving the fruit yield in bitter god. The genotypes such as CO-1, Phule
Greengold, 1IVR-2, Meghana-1 and Japani Green ldadae suitable for growing in
Odisha condition. Among the genotypes Pusa DomouancThusi are the two most
genetically divergent types. The most divergensteluVI consisting of three genotypes
and cluster VIl consisting of eight genotypes dre most divergent clusters and as
expected may be utilized for heterosis breeding dlastering pattern in relation to
geographic origin of the test genotypes was foonoketinconclusive. Seed/flesh ratio,
yield per plant and fruit weight contributing maxim towards divergence depicted
that special attention should be given to theseadters while desiring any crop

improvement programme in bitter gourd.
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