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Chapter - 1
INTRODUCTION

Bottle gourd [agenaria siceraria (Molina) Standl.] is one of the most
popular vegetables of the family Cucurbitaceaehwitchromosome number 2n=14.
It is a highly cross pollinated crop due to its mecious and andromonecious nature
(Swiander and Maccollum, 1994). It can be growbath summer and rainy season,
but it can’t tolerate cold. (Rastogi, 1998). Thenes “lagenaria” and “siceraria” are
derived from Latin words “lagena” for bottle andicsra” for drinking utensil.
Cucurbitaceous family is economically most sigrifit family, supplying edible and
nutritious fruits to humanity (Bisognin, 2002). Ria of this family, whilst possessing
similar characteristics of the sprouting segmeats, characterised by great genetic
diversity in fruit shape, fruit length and textusé fruit, resulting in variability and

wide range of diversity.

Bottle gourd originated in Africa (Singh, 1990)dainom there by floating on
the seas, it travelled to India, where it has eedlinto numerous local varieties, and

has spread to China, Indonesia and far to New Adala

In areas with mild climate, it can be grown throoghthe year. In India the
exact figures on area and production are not asaillaut it is commercially grown in
most of the states like U.P, Bihar, West Bengakahs, Punjab and Gujarat. The total
area under cultivation in the country is approxiehatl, 19,940 hectares with annual
production of 18, 28,296 tones (NHB, 2009). Howevedammu and Kashmir it is
grown over an area of 500 hectares with a prodaaio7500 tones (Anonymous,
2010). Productivity of bottle gourd is still low india; hence, enhancement of crop
yield is still an important goal for bottle gourdelkders in India. In spite of the
extensive cultivation and consumption, bottle goimas not been taken up for

systematic research work in order to understand geeetic architecture and



endeavour in an improvement programme. Many importeatures of cultivated
crops are not associated with discrete Mendeliaitsirbut are of a continuous or
quantitative nature. Yielding ability is a primeasple of such a trait and is of

obvious importance.

Although bottle gourd is a modest source of nutsglit is very popular
among a large section of people. It is easily diglsand is used extensively as
vegetable. Fruits are used in sweets, pickles ¢peon hills), kofta, petha, halwa,
kopoorkand, paratha and rayata. It is digestibklg therefore, it is recommended
during convalescence. The young shoots and leaves dew cultivars are
occasionally used as a pot herb. Dry hard shelltheffruits have been used for
making a wide range of articles of common useuiticlg bowls, bottles, containers,
floats for fishing nets, pipes and musical instrateeln addition, the seeds and seed
oil are also edible. Immature fruits are consunred number of ways. Bottle gourd
has got cooling effect, so in the eastern countffiests are often used as cooling
vegetable. Fruit pulp is used as purgative andeis/ wseful in coughs. It is an
antidote to certain poisons. The cut surface ofllssiae fruit is rubbed on the
underside of the feet and hands to reduce thetadfdweat. The fruit ash with honey
is useful to eyes for night blindness. It is idialpeople suffering from jaundice and
allied diseases and also very much useful in ptawvgrtonstipation. Seeds contain
oil, which is helpful for brain development and pagmoothness. Hence, it is being
used in Ayurvedic preparations (Robinson and DebKalter, 1999). Besides this,
the whole fruit is used in cosmetic and soap inikest

The fruits contain 96.3% moisture; Vitamin C (1&jn.Thiamine (0.044m.q),
Riboflavin (0.023m.g), Niacin (0.33m.g), Mineral ttreas (0.05%), Carbohydrates
(2.9%), Fats (0.5%) and Protein (0.2%) and itsedéit parts possess large number of
medicinal properties (Desai and Musmade, 1998).



The basic problem in bottle gourd is concerningltive marketable yield. The
reduced marketability of the fruits is due to thisshapening of the fruits. The causes
for such misshaped fruits have not been clearlyid@nted. Any stress factor during
the crop growth could result in misshaped fruitpaA from stress factors, genetic
background could also be a factor determining tiesinapening of the fruits. Bottle
gourd fruits may be long, oblong or round dependipgn the variety. Bottle gourd
shows large variation for various economic traifswdich the most interesting
variation is found for size, shape and color oft&uOn the basis of fruit shape, the
cultivars of bottle gourd are broadly classifietbitwo group’s viz.; long fruited and
round fruited. Bottle gourd is characterised byfadtdéntly shaped fruits that can be
used as utensils or decorative ornaments, whilshger juicy fruits are edible and
nutritious. Prasad and Prasad (1979) have creatrplel bottle gourd varieties in
India, primarily for human consumption. It has bemsed in varied and specific ways
in cultures of different nations. Scientists bedighat, of all currently known plants,

bottle gourd is the only species that had been wseldlwide in prehistoric times.

The variation in bottle gourds is sometimes spedtac The background
colour is either light green or dark green. Thekdaeen can be distributed as a solid
colour, as regular or irregular stripes, and agragular blotch. The size of the fruit
varies from 2-12 inches in diameter and from 4-44€¢hes in length. The fruit can
have a sterile (seedless) neck that varies froewatd 15 inches in length and from
1-2 inches in width. Wider necks usually contaiedse and the neck may have a
seed-containing bulge. The seed-containing portibthe fruit varies from flat to
round, cylindrical, club-shaped, or long and narrdwe long and narrow forms are

best for vegetables.

The essential prerequisite for launching a breegimogramme in any crop is
the extent of genetic variability and genetic dgemce in the breeding material. Wide

differences between morphological traits such as, solor, resistance to pest and



diseases and yield are of immense importance tobteeders since number of

cultivars could be developed to suit various rezgmients.

Bottle gourd is a monoecious and cross pollinate@ @ which large amount
of variation has been observed for many economyicaliportant traits. Precise
information regarding the extent of genetic divergein the breeding lines is crucial
in heterosis breeding programme. The available rgitye within the species for
desired fruit enables a breeder in choosing thet suwgtable combinations to use for

exploitation of hybrid vigor in a given crop.

The genetic parameters such as heritability, gersgtvance, genotypic and
phenotypic coefficient of variability provide anfegtive tool in the hands of a

breeder to select a genotype having the most ddsitaits for yield.

Many of the quantitative traits such as numberraft§ plant® and yield
plant™ are highly influenced by location, cultivar and Eommental conditions
portioning the overall variability into heritabléé non-heritable components which

will be of immense help in any planned breedinggpaonme.

Mahalanobis (1936) set the ground rules for studyvariability in a
population when he proposed the Btatistic. This invariably strengthened the
concept of breeding for superior genotypes by dgjirthe levels of exploitable
variability and by predicting the results of a lifieg) programme. Banalysis permits
precise comparison among all possible pairs of [adjms before effecting actual

cross in modeling the cultivars in a desired gertchitecture.

Though bottle gourd is extensively cultivated imitn no systematic studies
have so far been reported on the extent of gematiability and divergence in this
fairly popular vegetable. There is hardly any infiation available on the various
genetic parameters like heritability, genetic adeangene action and genetic

architecture of bottle gourd.



Therefore, the present investigation entitled “®hility and Divergence
studies in Bottle gourd_pgenaria siceraria (Molina) Standl.]” was initiated with the

following objectives:-

To characterize the magnitude of variability fopiontant economic traits.
To study the cause and effect relationship.
To study the genetic divergence and to identifyedde lines for future

improvement programme.



Chapter - 2
REVIEW OF LITERATURE

Bottle gourd is one of the most important and papukgetable crops grown
in India and abroad. It has been looked upon byynearly workers. The relevant
literature related to evaluation of varieties fadifedent characters genetic variability

and association of characters is reviewed undéerdiit suitable headings.
Variability studies in bottle gourd

The crop improvement depends on the magnitude étgevariability and
the extents to which the desirable characters ar#table. The part played by
environment in expression of economic charactes® aleeds to be taken into
account. No doubt that the efficiency of selectadmpends mainly on the extent of
genetic variability present in population. HowevBuyrton (1952) suggested that
great co-efficient of variability together with ltability estimate will give the good
picture of amount of advance to be expected frolecten. Similarly, Thakur and
Choudhary (1965) reported high heritability estiesatn conjugation with high
genetic advance together with genotypic coefficiehtvariability leads to high
genetic gain. Such estimate of high heritability @enetic advance may be ascribed
to the action of additive genes as reported by Bral Sidhu (1977) in Watermelon,
Abusaheha and Dutta (1990) in ridge gourd and Chemii@t al. (1991) in bitter

gourd.

Prasad and Prasad (1979) studied 40 genotypicalbrsg lines of bottle
gourd and reported high estimates of heritabilityviine length, fruit length and fruit
diameter. Number of fruits plaht girth of fruit and length of fruit showed high

heritability values accompanied by high geneticngahich may be attributed to



considerable additive gene effects. Yield was dsond to have significant

association with the characters having high hdtitplestimates.

Pal and vani (1988) observed thirty seven bottiergdines for variability and
reported that fruit number and size were highlyrelated with yield. High narrow
sense heritability for days to first male flowerdadays to first female flower

opening, fruit length, fruit girth, number of fraiviné* and fruit weight

Sharma and Dhankar (1990) evaluated thirty fiveoggres of bottle gourd
during summer season for two years under Hissaditons for studying the
variability. Hissar local-3, a round genotype wasliest and highest yielder. PSPL,
Hissar Sel-1 and Hissar Sel-2 were most promisargefrliness and higher yield
among long types. High heritability along with higénetic advance was recorded for

male to female flower, vine length, total numbebtdnches and fruits plafits

Prasackt al. (1993) observed thirty genotypes for their vatighithe studies
revealed highest genotypic and phenotypic coeffica variability for fruit yield
plant® followed by number of male flowers on primary fale and fruits vine.
Heritability estimates were higher for all the dmaers while genetic advance was
maximum for fruit yield plant. The genotypic differences for all the characteese
highly significant. The magnitude of PCV was highlean GCV for all characters
suggesting the effect of environment. GCV and PGdenhigh for fruit yield plant
and fruit length. A very high broad sense heritab{>90 %) was recorded for length
of main vine, number of primary branches pfamumber of nodes of first male
flower, number of nodes of first female flower, ifrlength, fruit weight, number of
fruit plant®, fruit yield plant™. High genetic advance (percent of mean) was recbrd
for sex ratio, fruit length and fruit yield plahtThe sex ratio, fruit length and fruit
yield plant' showed high heritability (> 80%) coupled with higénetic advance.



Narayanet al. (1996) studied the genetic variability, heritalyili genetic
advance, correlation and path coefficient analysi®5 diverse population of bottle
gourd. Wide zone of variation was observed in nobshe characters. The high value
of GCV and heritability estimates associated witbager genetic advance observed
for number of primary branches planand yield viné indicated that these two
characters had additive gene effect and therefarg @are more reliable for effective
selection. Correlation coefficients revealed thaitfyield plant' can be successfully
improved by making selection for higher fruit numbfeuit weight, Path coefficient
analysis revealed that maximum weightage shouldiben primarily to day to the
first harvest followed by average weight of edifit, fruit number plarit and day
to anthesis to first female flower while formulaiselection indices for improvement
of yield in bottle gourd. A wide zone of variabylivas recorded for most of the
characters. Heritability in the broad sense wagy Vegh for all the 8 characters,
number of male flowers, number of female flowersl &nit yield plant' exhibited

high heritability coupled with high genetic advance

Singhet al. (2002) studied genotypic and phenotypic coeffitdenf variation,
heritability and genetic advance for 14 charactefsbottle gourd I(agenaria
siceraria) in 10 lines, 2 testers and 2@'$ The phenotypic coefficient of variation
was higher than genotypic coefficient of variatifor fruit yield plant', fruit
diameter, fruit length, fruit height, number of msdto first male flower and vine
length which were also characterized by high genediriation. High estimate of
heritability in broad sense was recorded for fyigid plant', vine length, number of
days to first harvest, number of nodes to firstemahd female flowers, number of
primary branches plantand fruit length, weight and diameter. High hdilisy and
high genetic advance were recorded for fruit yj@lht®, vine length, fruit diameter,
fruit length, fruit weight, number of nodes to firmale and female flowers and

number of primary branches plant



Munshiet al. (2005) evaluated the performance of 12 bottle gduagenaria
siceraria) cultivars. High genotypic and phenotypic coe#fiti of variation were
observed for vine length, number of primary braschiee' number of nodes on the
main axis, peduncle length, sex ratio number atdrplant’, fruit length, girth and
weight, crop yield. Fruit length, number of days to first fruit hast@nd number of
days to first female flower anthesis exhibited nrat® to high heritability with
moderate genetic advance. Considerable diversitlyinvand between clusters were
observed. Total yield plant fruit length, fruit weight, number of primary mehes
vine, days to first male and female flower appearaseg,ratio and harvesting date

were potent factors in differentiating bottle gogermplasm.

Yadavet al. (2008) studied 18 bottle gourd. (siceraria) strains / cultivars
based on nine characters namely days to first rih@heering, days to first female
flowering, number of nodes of first male floweringymber of nodes of first female
flowering. Days to edible fruit, fruit length, fiuwidth, number of fruits plafitand
yield plant’. All the characters showed considerable amouniadfbility. The fruit
width had the highest coefficient of genotypic apldenotypic variability. High
heritability coupled with high genetic advance weteserved for fruit length, fruit

width, days to first female flowering days to firetle flowering and yield plant

Singhet al. (2008) studied genetic variability in bottle goutde analysis of
variance revealed significant differences amongpheents and their;Fhybrids in
both summer and rainy seasons for all the chasastedied. The highest genotypic
and phenotypic coefficients of variation were regat for yield ving. All the
characters under study were highly heritable execgptumber of days for bearing
first male and female flowers. High heritabilityuged with high genetic advance
and genetic coefficient of variation were recorded number of female flowers
vine!, number of primary branches vihand yield ving which indicate that these

characters are more reliable for effective selactio



Panditet al. (2009) evaluated fifteen genotypes of bottle goflrabenaria
siceraria) during autumn-winter season of 2003-2004 to stgdgetic variability,
heritability and potential for screening suitablengtypes for future improvement

programmers’. There was considerable variabilitgliriraits except fruits plarit
Heritability and genetic advance

Phenotype of an individual is determined by genetgnd environment in
which it grows. Success of a breeder in changing) iamproving the heredity of
character depends upon the degree of correspondegteecen phenotypic and
genotypic value. Heritability is a measure thatydes this information (Dabholkar,
1992). Heritability in broad sense or degree ofegierdetermination is proportion of
total heredity variance to phenotypic variance. Ti@e useful estimate i.e. narrow
sense heritability or degree of resemblance betwedatives is ratio of additive
genetic variance to phenotypic variance (Falcori®89). The most important
function of heritability in the genetic studiesmktric characteristics is if predictive
role in expressing the reliability of phenotypiclue as a guide to breeding value
(Falconer, 1989). Genetic advance means improvenrerthe performance of

selected lines over original population.

A brief summary work done for estimating heritalgilind genetic advance of

yield and yield contributing characters in presdriielow.

Panwaret al. (1977) observed high estimates of heritabilitynglavith high
genetic advance in sponge gourd for fruit lengtld alays to flower while as
characters like numbers of fruits plarend fruit diameter showed lower value of the

estimates.

Prasad and Prasad (1979) studied 40 genotypidatlrse lines of bottle
gourd and reported high estimates of heritabiliy\viine length, fruit length and fruit

diameter.



Gopalkrishnaret al. (1981) reported significant variability for frypteld, vine
length, fruit height and their respective comporemt 18 diverse genotypes of
pumpkin Cucurbita moschata). The length of the main vine and fruit weight thd

maximum direct effect on yield.

Sharmeet al. (1983) conducted genetical studies on bottle gamdireported
high heritability estimates for days to openingfiet male and female flower and
marketable maturity. Low heritability was recorded fruit weight, number of fruits
and total yield. The characters having high heilitglfailed to express high genetic

advance.

Reddy and Rao (1984) found that the magnitudeeotdbility estimates in
the broad sense varied among the different chasagte ridge gourd. Lowest
heritability was recorded for days to first harvestile the attribute fruit diameter
showed moderate value. Highest heritability estemaas in the case of individual
fruit height, fruit yield plarit. Fruit size and fruit number plahtshowed high
heritability in broad some. Fruit yield, fruit wdigand fruit number recorded high

genetic advance.

Kadam and Kale (1985) studied genetic variabilityridge gourd and found
that days to flowering had the highest heritabil{84.82) and high genotypic
coefficient of variation (16.48) attributed to higjenetic advance (13.70). Similar
results were obtained for nodal position of femfdever, fruit volume and percent
intensity of powdery mildew. High heritability wem@bserved for branches vihe
(77.76), Percent of female flowers (51.51), yie#B.87), deformed fruit vink
(43.33) and fruit diameter (42.71) and the gerativance was considerably low.

Chaudhariet al. (1991) studied fifty five F progenies involving 11 true

breeding bitter gourd lines. High genetic advanes wbserved for weight of fruit



(21.32). The high heritability and genetic gain wesorded in Percent of yield plant

! weight of fruit and number of fruits plaht

Krishna Prasad and Singh (1993) estimated genatiation and heritability
for growth, flowering and yield component charaster cucumber. The heritability
estimates ranged from 0.20 to 48 Percent for nurobéwits plot' and fruit length
respectively. Low heritability for number of fruimnd yield plot suggested that
environmental effects contributed a major portidrthe total phenotypic variation.
High heritability coupled with high genetic advarfoe fruit length, fruit breadth and
fruit weight might be due to additive gene actiom &election could be applied for

these characters.

Singhet al. (1992) estimated heritability in broad sense axmketed genetic
advance of fruit yield and nine other charactersewstudied in 36 genotypes of
pointed gourd. High heritability coupled with higenetic advance was observed for

yield and number of fruits platht

Singh et al. (1996) evaluated genetic variability and correlatstudies in
bottle gourd and reported that most of characterden study should have high
magnitudes of heritability. However, from selectipaint of view only that part of
heritability is desirable which is due to additigene effects. High heritability with
high genetic advance is considered more useful beaitability estimated alone in
predicting resultant effect in the selection prognee inference traits like node at
which first female flower appeared, fruits plantyield plant could be more

responsive to selection in bottle gourd.

Arunkumaret al., (2000) studied 451Fhybrids in bottle gourd and reported

low narrow range of heritability for all the nutahal characters.



Dora et al. (2002) observed for characters like node at wliidt female
flower appears, vine length and number of fruienf’ high heritability estimates

and high genetic advance in pointed gourd.

Karuppaiahet al. (2002) studied 12 genotypes of ridge gourd tossseeean,
variability, heritability and genetic advance. Hidteritability was observed for
number of female flowers plahtyield plant’, number of female flower plahtand
flesh thickness. When heritability and genetic anbeaas Percent over mean were
considered together, number of female flowers playield plant', number of fruits
plant® recorded highest values.

Krishna Prasadt al. (2002) conducted an experiment on adaptive response
and diversity in watermelon and reported high lhéiiity coupled with high genetic
advance for yield plot number of nodes, days to female flowers appeareti
number of fruits plant

Pandeyet al. (2002) reported high estimates of heritability agenetic
advance for yield plafitin pumpkin.

Singhet al. (2002) studied variability, heritability and geigceddvance in ash
gourd Benincasa hispida) and reported high estimates of heritability fhaacters
like fruit length, fruit diameter, average fruit igat, total yield and number of fruits.
This shows that the characters were least affdayeenvironment. Higher value of

genetic advance (72%) was observed for fruit diamand total fruit yield.



Literature concerned with other cucurbitaceouscrops

Prasadet al (1988) reported high phenotypic and genotypic fodeht of
variation for number of fruits vink average fruit weight, seeds frljithundred seed
weight and fruit yield viné in germplasm of watermelon.

Prasad and Singh (1990) reported high phenotymicgenotypic coefficient
of variation for fruit length, yield plafitand vine length. The number of fruits and
fruit width showed moderately high estimates of P& GCV in ridge gourd.

Lawande (1991) reported high estimates of varigbftr fruit yield vine®,
fruit weight, fruit length, fruit diameter and nuerbof fruits viné' in eleven cultivars
of bitter gourd.

Rajputet al (1996) reported high PCV and GCV for seeds fraind yield
vine in bitter gourd. Mishraet al. (1998) studied variability in bitter gourd and
reported there was a frequent occurrence of dorialéegles and both additive and

non-additive gene action was involved in charaetgression.

Mathew and Khader (1999) reported high PCV and G@Vaverage fruit
weight, seeds fruft, fruit yield plant’ and fruit length in 34 genotypes of snake
gourd.

In ridge gourd, Chowdhury and Sharma (2002) fourdywhigh GCV and
PCV for vine length and fruit weight. The magnituoiephenotypic coefficient of
variation (PCV) was greater than the corresponderptypic coefficient of variation
(GCV) for all traits under study.

Doraet al. (2002) reported high GCV for node at which fiistnale flower
appeared followed by number of nodes pfanweight of fruit, number of fruits
plant’ and number of branches plarih pointed gourd.



Owenset al. (2002) recorded high PCV with equally high GCV yireld
vine, fruits vine®, fruits brancH and node of first male flower, indicating maximum

variability in the genotypes for these charactemsdge gourd.

In ridge gourd, Karuppaiatt al. (2002) reported high GCV for yield plaht
and number of fruits plarits . Singh et al. (2002) recorded higher genotypic
coefficient of variation for total yield, averageiit weight and dry weight of fruit in
ash gourd.

Tiwari (2003) reported higher PCV than GCV for aharacters in
muskmelon. The highest phenotypic as well as g@mogoefficient of variation was
observed for economically important characters sagchverage weight of fruit, fruit

cavity and number of fruits viffe

Raiet al. (2005) studied variability in chow chow and repdrtee phenotypic
coefficients of variation (PCV) were higher thare tigenotypic coefficients of
variation (GCV) indicating presence of environméimtfluence. Yadawet al. (2007)
studied variability in chow chow and reported vhiligy in terms of fruit shape, size,
colour and presence of spines was observed inreliffgenotypes.



Correlation Studies

Prasadet al. (1993) observed thirty genotypes for their cotrefa studies
revealed highly significant and positive assocratd fruit yield and with number of
fruits vine®, average weight of fruit and number of female #oswiné'.

Sharma and Dhankar (1993) studied correlation ing8Botypes of bottle
gourd and observed the positive correlation betwgeld and number of fruits was
mainly due to highest direct effect of number afits. Days to first female flowering
node showed negative association with vine length.

Narayanet al. (1996) reported that yield was positively and gigantly
correlated with number of fruits plahiand average weight of fruit. Negative and
significant correlation between yield and days mthasis of first male flower was
observed.

Badadeet al. (2001) reported that the yield was significanthdagoositively
correlated with number of branches vin@ercentage of female flower and number
of fruits vine® in bottle gourd, while significantly and negatiyeorrelated with days
to first male and female flower appearance at Ipbi#notypic and genotypic levels.
At genotypic level, vine length, diameter of fruitumber of seeds fraitand 100
seed weight showed significant and negative cdioglawhere as percentage of
powdery mildew intensity showed positive correlatiith fruit yield plant. Fruit

length showed positive but non-significant corriefawith fruit yield plant.

Kumaret al. (2007) observed that the value of correlationeatagypic level
was higher than the phenotypic correlations, irtdigathat there is strong inherent
association between the various characters studied. fruit yield viné' showed
positive and significant correlation with numbertwéinches ving vine length, node
number of first female flower, length of edibleifsy number of fruits vin& number

of seeds fruit and 100 seed weight at genotypic and phenotypielde This



indicated that fruit yield can be improved by makselection on the basis of number
of branches virg vine length, nodes number of first female flowlength of edible

fruit and number of fruit viné

Yadav et al. (2007) while studying 18 strains of bottle gouaVealed that
yield plant was positively and significantly associated witte tnumber of fruits
plant®, but has a negatively significant correlation wddys to first female flowering

at both genotypic and phenotypic levels.

Panditet al. (2009) while evaluating 15 genotypes of bottle rgorevealed
that the correlation between both genotypes andgilipes indicated the over-riding
importance of fruit length and fruit width in det@ning the average fruit weight,

which in turn adequately described the increagruinyield plant’.



Literature concerned with other cucurbitaceous crop

Solanki et al. (1980) observed all the characters were positivahd
genotypically correlated with fruit yiefd Only the number of secondary branches
plant* showed a negative significant environmental catieh with fruit yield plarit
! Number of primary branches pldnhad the significant genotypic and phenotypic
correlation coefficient with fruit yield and vyiel@¢ontributing characters which
indicates that this character had a significargatfon total fruit yield plart

Doijode (1984) examined phenotypic and genotypicretations between
eight quantitative characters in pumpkin. Fruit gi#ishowed positive correlation
with vine length, days to fruit maturity, fruit ®zand cavity size indices and flesh
thickness. Vine length was positively correlatechwnumber of laterals, days to
female flowering, days to fruit maturity and fle8fickness. Fruit size also showed

positive correlation with flesh thickness.

Choudharyet al. (1987) evaluated thirty diverse genotypes of cumemand
revealed that yield virkexpressed high positive correlation with numbefenfale
flowers viné', number of fruits vin@, fruit length and fruit weight at both genotypic

and phenotypic levels.

Sharma and Bhutani (2001) in bitter gourd, recordeghificant positive
correlations of total yield plantto fruits plant and average fruit weight. Significant
positive correlation was also observed between fermale flowering node with fruit

length and fruit diameter with average fruit weight

Singh et al. (2002) studied character association in cucumbér raported
that the fruit weight, fruit girth and length ofuft had higher correlation with fruit
yield plant'. Genotypic correlation coefficients were highearttphenotypic, which

indicated strong association among these traits.



Doraet al. (2002) observed that yield pldnivas significantly and positively
correlated with number of fruits plaht fruit set, and fruit retention at both

phenotypic and genotypic levels in pointed gourd.

Choudharyet al. (2003) observed that yield pldnbad a significant positive
correlation with fruit weight, fruits plarft and number of vines plaht harvest
duration, rind thickness, shelf life and vine ldngt muskmelon.

Roloniaet al (2003) reported that fruit yield was positively mdated with
main vine length, number of primary branches ptamtumber of nodes plaht
number of female flowers plaht number of fruits plaft and harvest duration in

watermelon.

Rao et al. (2004) reported that yield was positively correth with fruit
weight, fruit length and flesh thickness at botmagpic and phenotypic levels in

cucumber.

Narayankuttyet al. (2006) revealed that yield was strongly correlated with
fruit weight, fruits plant, fruit girth, days to first harvest, flesh thiclaseand days to

first female flower opening in snake gourd.

It is thus, seen that there is considerable gemtiersity and vast range of
variation in different characters in different cuuits in general and bottle gourd in
particular which would be utilized or breeding posp. Thorough and critical
information obtained through various parameters vélof immense help to launch a

coherent improvement programme.



Concept of divergence

Murthy and Arunachalam (1965) hypothesized that &ldobis; generalised
distance, a measure of metric distance betweenlgign centroids, could be a
useful multivariate statistical tool for effectigigscrimination among parents on the
basis of genetic diversity. Precisely informatidsoat genetic divergence is critical
for a productive breeding programme, as geneticdilyerse plants are known to
produce high heterotic effects consequently yigsirdble segregants.

The ¥ statistics give a result based on the magnitudedigérgence
independent of the sample size. The technique e kextensively used by
numerous workers in classifactory problems (Ra@52} in understanding the nature
of genetic divergence and for selecting diversemarfor successful hybridization in
outbreeding population, such as, self incompatidrassica (Murthy and
Arunachalam, 1965) and in self pollinated cropsych as, Wheat (Jatasra and
Paroda, 1978).

Studies in number of crop species with differergdoling systems by means
of D? statistics suggested that genetic diversity naedabe directly related to the

geographic diversity (Murthy and Arunachalam, 1965)

Murthy and Arunachalam (1965) examined the natdirgenetic divergence
as measured through?Dstatistic and its relationship to components ofegie
variation in some out breeding populations, seffilieing crops and crops showing
variable degree of out crossing. It was observadl ithgeneral plant weight, days to
flowering, grains plant and grain weight was contributing significantly total

genetic diversity in most of the crops studied.



Genetic diversity in bottle gourd

A successful breeding programme is associated awtérsity of the parents
within a reasonable range. More the diversity, dvetire the chances of improving
economic characters under consideration in theltregyprogenies. It also helps to

know the relative distance between these strainthécharacters under study.

It is thus, seen that these is considerable gedetarsity and vast range of
variation in different characters in different cuaits in general and bottle gourd in
particular which would be utilized or breeding posp. Thorough and critical
information obtained through various parameterd i@ help to launch a viable

improvement programme.

Badadeet al. (2001) studied genetic divergence using Mahalandbfis
statistics for seven quantitative characters iridlgidyield vine' in a collection of
twenty diverse cultivars of bottle gourd. The awdtis differed significantly for
almost all the characters and were grouped intold$ters based on the similarities
of D? value. Considerable diversity within and betweeaswnoted and it was
observed for the characters viz., vine length, rermiif branches, percentage of
female flowers, fruits ving length and diameter of fruit and yield viherhere were
factors responsible for genetic divergence whicly e useful for heterosis breeding

in bottle gourd.

Mathew et al. (2001) assessed twenty eight accessions of bgoiled for
their genetic divergence using MahalanobfssEatistics. Based on’Dvalues of 17
yield related characters, accessions were grouptd aight clusters. Clustering
pattern indicated that there was no associatiowdsst geographical distribution of

accessions and genetic divergence. The charadkersnimber of fruits plarit



number of seeds fruit length of fruit, average fruit weight, vine lehgand fruit set

percentage contributed maximum to genetic divergenc

Islamet al. (2004) studied divergence in bottle gourd and regubthat there
was no clear relationship observed between geograpigin and genetic diversity.

Munshiet al. (2005) evaluated the performance of 12 bottle dduagenaria
siceraria) cultivars and reported considerable diversityhmitand between them.
Total yield plant, fruit length, fruit weight, number of primary brehes ving,
earliness to male and female flowers appearangeras® and harvesting date were

potential factors in differentiating bottle gourdrmplasm.

Singhet al. (2007) studied divergence in bottle gourd and regothat there
was no parallelism between the clustering pattend geographic origin and

maximum genetic diversity was obtained betweentetud and XIlI.
Literature concerned with other cucurbitaceous crop

Singh and Lal (2002) studied fifty one genotypesmafskmelon to assess
genetic divergence using’Btatistics. The genotypes were grouped in to 18tets.
The intra cluster distance was maximum in clustér &d minimum in clusters IX,
X, XI, XIlI, and XIII. The inter cluster distance wanaximum between cluster VII
and XII and minimum between cluster | and Il. Maxim divergence was provided

by the node at which first female flower appeaned minimum by fruit yield viné.

Raoet al. (2003) studied thirty one genotypes to assesstigatieergence by
using Mahalanobis Dstatistics. The genotypes got grouped into 16tetasased on
similarities at B values. Genotypes from different regions wererithisted in to
various clusters at random, demonstrating that iggtngcal isolation may not be one

of the factors for causing biological or geneticatsity.



Veralakshmiet al. (2003) studied thirteen quantitative characterswanty
one diverse ridge gourd genotypes using Mahalanbbistatistics. The genotypes
were grouped into 10 clusters. The maximum genetergence was observed
between clusters Il and VI. The characters namnmei;mber of days to first female
flower, vine length; number of first female flomegi node, fruit weight, number of
seeds fruit, number of fruits viné and 100 seed weight contributed maximum to

divergence.

Dey et al. (2006) studied diversity in bitter gourd and repdrthe clustering

pattern based on yield related traits and molectdaation was different.

Dey et al. (2007) studied divergence in bitter gourd and reggbrno

parallelism between geographic and genetic diwersit

Haribabu (2007) studied eighteen genotypes of cbeunto assess genetic
divergence using Dstatistics. On the basis of Bnalysis eighteen genotypes were
grouped in eight clusters with substantial geneiiergence between them. The
clusters A, B, and E had 5, 5 and 3 strains res@dgtand remaining clusters C, D,
F, G and H had one strain each. The maximum intester distance was observed
between F and H (11.24) and minimum inter clusistadce was observed between
C and F (5.33). The cluster pattern revealed tiegenetic diversity was not parallel

to the geographical distribution of the genotypes.



Chapter - 3
MATERIAL AND METHODS

The present investigation entitled Variability abivergence in Bottle gourd
[Lagenaria siceraria (Molina) Standl.] was conducted in the Experimeriigld of
the Division of Olericulture, Sher-e-Kashmir Unisiy of Agriculture Sciences and

Technology of Kashmir during summer, 2011.

The details of material used, methods adopted &tidtecal analysis followed

during the course of this investigation are desctibelow.
3.1 Experimental Material

The material under investigation consisted ofty-two genotypes, collected
from local areas coded and maintained at the misof Olericulture, Sher-e-
Kashmir University of Agriculture Sciences and Teclogy of Kashmir. The

genotypes were studied for different diverse chterac

The detail of germplasm of bottle gourd their sesrcare given in
Appendix - 1.
3.2 Layout of the experiment

Seeds of 42 genotypes of Bottle gourd were direstiywn during summer
season, 2011 in Randomized Block Design with 3icafbns to study the genetic
variability. Sowing of seeds of each genotype wasedon the top of broad beds.
Planting geometry was 1.20 m x 0.60 @ll cultural practices i.e. manuring

irrigation plant protection weeding etc. were aadrout as per the prescribed package

of practices recommended by the division.

3.3 Observations recorded
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Plate — 1: Field view of Bottle gourd [Lagenaria siceraria (Mol.) Standl.]



The observations for morphological quantitative aqnglitative characters were

recorded on randomly selected 3 plants of eachtgpadn each replication.
3.3.1 Quantitative characters
3.3.1.1 Days to appearance of first male flower

The number of days required for the appearancirsif male flower after

sowing were recorded.
3.3.1.2 Days to appearance of first female flower

The number of days required for the appearandesdffemale flower after

sowing were recorded.
3.3.1.3 Node number of first female flower

The node at which the first female flower appdawas recorded.
3.3.1.4 Days to first harvest

Days to first harvest was recorded on the bdsmimber of days required for

the first harvest of tender fruit from the datesofving.
3.3.1.5 Ratio of female to male flower

The actual amount of male and female flowers arhezbservational plant

was recorded and the percentage of female flowassocalculated.
3.3.1.6 Number of secondary branches plafit

The numbers of secondary branches on main stexaabf observational plant

was recorded and form the mean, number of brarlhes’ was carried out.

3.3.1.7 Fruit length (cm)



The length of five randomly selected fruits froine observations plants from
each replication was measured in cm from the blassod to the distal end of the

fruit.
3.3.1.8 Fruit girth (cm)

Diameter of five randomly selected fruits from oftvs¢ional plant in each
replication was measured at the centre of the frsihg Vernier Caliper and mean

diameter was calculated.
3.3.1.9 Average fruit weight (kg)

Average weight of fruit was calculated by divigithe total weight of all the

fruits harvested to the total number of fruits.
13.3.1.0 Number of fruits plant*

The total number of fruits harvested at all tharviestings of each
observational plant was recorded and the averageuof fruit plant was worked

out.
3.3.1.11 Total fruit yield plant® (kg)

The vyield of fruit at each harvesting from fivéservational plants were
recorded from the first to last harvesting and meieid of fruits plant was

calculated.
3.3.2 Qualitative characters
3.3.2.1 Total chlorophyll content (%)

The green fruit at the edible stage was assessedstigating the total

chlorophyll and was expressed in mg 100 g



Principal: Chlorophyll is extracted in 80 Percent acetone thiedabsorption at 663
and 645 nm are read in a spectrophotometer usenghiborption coefficients and the

amount of chlorophyll is calculated following A.QCA (1980).
Reagent: Acetone (80%)

Method of chlorophyll extraction: 1 gram composite sample of green fruits of each
treatment was weighed and taken into a clean moftee sample was grounded to
fine pulp with the addition of 20 ml, 80 Percenetmme and filtered into a volumetric
flask. The procedure was repeated till the residas colorless. The filter paper,
pestle and mortar were washed with 80 Percent aeelde final volume was made
to 100 ml with acetone. The absorbance of the molwas read at 645 nm and 663

nm.

Total chlorophyll was calculated by the formulae:
Total chlorophyll (mg 100 g -1) = 20.2 (A 645nmpB-02 (A663nm) x——— X 100

Were,

A Absorbance at specific wave length,

\Y,

Volume of chlorophyll extract in 80% acetonela
W= Fresh weight of tissue extracted
3.3.2.2 Dry matter content (%)

A 100g of sample of fresh fruit was taken and stadd The sun dried sample was
put in an oven and dried until the entire moisturehe sample was lost. Then dry

matter content (%) was calculated as:

Dry matter content (%) sy weight ofsample 4

Fresh weight of sample

3.4  Statistical procedures



The data recorded was subjected to following diedis and biometrical

analysis.
3.4.1 Analysis of variance

The analysis of variance for all characters wasiezhras per the procedure
suggested by Panse and Sukhatme (1985).

The analysis was based on following mathematicaleho

Yk =pn+g+n+ i

Where,
Yi = Observation of'l genotype (g = I td) in k™ replication
u = general mean
G = effect of the'! genotype
Ik = effect of ¥ replication, and

lik = random error associated witfl observation
3.4.1.1 Expectation of mean squares

Expectation of mean squares based on the modeln galgove. The

expectations of various mean squares were driéallaws :

Source of variation d.f. Expected mean squares M.S
Replications (r-1 52e + g(}Zr MSR

Genotypes (g-) 52 + r&zg MSG (M)
Error (g-) (r-1) 52, ME (M,)




3.4.1.2 Standard error of mean

SEm=4+ fM—SE
r

3.4.1.3 Critical difference

2MSE
CDats%= xt
r
Where,
r = Number of replications,
MSE = Error mean sum of squares
t = Tabulated value at 5% or 1% level of significarfor the
error d.f.

3.4.2 Estimation of components of variance co-efficient fovariation and
heritability

3.4.2.1 Genotypic variance

Genotypic variance was calculated using the formula

., _MSG-MSE
C g —
r
Where,
529 = Genotypic variance,
MSG = mean sum of squares due to genotypes,
MSE = mean sum of squares due to error, and



r = number of replications.
3.4.2.2 Phenotypic variance

Phenotypic variance was calculated as per the guoeegiven by Allard
(1960).

G°p = 62 + 0%
Where,
G2 p ~ Phenotypic variance
529 = genotypic variance, and
5% = eror variance

3.4.2.3 Phenotypic co-efficient of variation (PCV)

The magnitude of phenotypic variation existing itrait was worked out by

the formula given Burton (1952) :

~2

o
pcv = Y% P y100
X
Where,
G2 p ~ Phenotypic variance, and
X = grand mean of the trait studied

3.4.2.4 Genotypic co-efficient of variation (GCV)

The magnitude of genotypic co-efficient of variatiexisting in a trait was

worked out by the formula given by Allard (1960) :



o)
cev = Y% 9 100
X
Where,
529 = Genotypic variance, and
X = grand mean of the trait studied

3.4.2.5 Heritability

Heritability in broad sense, which is the ratio ggnotypic variance to the

phenotypic variance was calculated by the methodngby Allard (1960) using the

formula :
~2
o}
h? (b.s) = 29
G p
Where,
529 = Genotypic variance
52p = phenotypic variance, and
h? = heritability in broad sense

3.4.3 Estimation of genotypic and phenotypic covaainces and correlation co-
efficient

Covariance analysis followed the same pattern as/éniance analysis. The
genotypic and phenotypic covariances between tvewaciers were obtained in the
same fashion as corresponding variances. Estimaigemotypic and phenotypic

variances and covariances were substituted in dhewing formula suggested by



Panse and Sukatme (1985), calculate correlatioaffament between all possible

pairs of characters.

3.4.3.1 Genotypic correlation co-efficient

%% (9)
?x(9) 6%y (9)

3.4.3.2 Phenotypic correlation coefficient

ry (@) = JA
(0}

_ 6%y (P)
rxy (p) - ~ > ~
V8% (p) 8 ()
Where,
r., (9),r., (p) = Genotypic and  phenotypic  correlation
Xy ASXY coefficients, respectively, between a pair of
characters x and y
~2 ~2 = Genotypic and phenotypic covarianc
X X
o"xy(9).c"xy(p) respectively, for a pair of characters x and y
~2 ~2 = Genotypic variance for characters x and
c"X(9),0 .
(9).57¥(9) respectively, and
82x(p),82y(p) = Phenotypic variance for character x and

respectively.
3.4.3.3 Test of significance
The significance of a correlation co-efficient wiested by the following

formula :

_r(n -2)°°



Where,

Correlation coefficient and

r

n number of observations
Any value (z) exceeding the table value of t at d{2s significant.
3.4.3.4 Genetic advance

Genetic advance was predicted by using the formula

R =i. . G, (Allard, 1960)

Where,
R = Genetic advance at a particular selectiomsitg,
[ = standardized selection differential values atpaaticular
selection intensity,
h? = heritability (b.s) of the trait, and

= phenotypic standard deviation.

3.4.3.5 Genetic gain (Percent of mean)

Genetic advance (R)
X

X 100

Genetic gain =
Where,

X = Mean of the trait

3.4.3.6 Path coefficient analysis

The partitioning of the correlation coefficientandirect of indirect effects on

grain yield of different traits was done followipwey and Lu (1959) as under :



Pyl + Pyz 1o+ Py3 My + .. Rm Mn = K.

Pi+r2 +Ra+Rars + .o, Rn f2n = fe.
Pifin+t Rz fon+t Rafan+ oo, + R = fyn,
Where,
T = R . M Pny are the direct path effect of 1, 2, 3

................ n variable on the dependent variable y;

F12, T13, wenrnenennnnnns I e, r (n-1)n are the possible coefficients
of correlation between various independent vargahbled §1, fys ...............
ryn are the coefficients of correlation of independeatiables with the

dependent variable y.

The residual factor (i.e. the variation in yielcthagccounted for those

associations) was calculated from the followingrfala :
Residual factor (x) = 1-R
RZ = Py]_ ry]_ + Py2 I’yz o + Pyn ryn

R? is the squared multiple correlation co-efficiemdais the amount of
variation in yield that can be accounted for byyredd component character.

3.5 Estimates of genetic divergence

The genetic divergence was computed using the guveeas described by
Rao (1952) and Singh and Choudhary (1985). Thelslethanalysis are described

under the following heads:
1) Test of Wilk’s criterion,
2) Transformation of correlated variables,

3) Computation of Bvalues,



4) Relative contribution of individual characteosvards total divergence, and
5) Group constellation.
3.5.1 Test of Wilk’s criterion

Variances and covariances were obtained from asalyk variance and

covariance tables and the following analysis opelision table was constructed:

Analysis of dispersion

Matrix due to

Dlzpersmn d.f. Sum of squares Sum of products
ue to

X% X%, X1Xs  XiXzeoo...
Replications r-1 a b C d......
Between Q a b c d....
treatments (Q)
Within By A-(ata) B-(b+b) C-(ctc)  D-(d+d)....

treatments (W) subtraction

Total N A B C D.....

The determination of error and error + variety ange-covariance matrix
were calculated by pivotal condensation method sahgi Vv’ statistics which, in
turn, utilizes Wilk’s criteria. A simultaneous te differences between mean values
of characters from all the genotypes in the presardy was performed, as per the

details given below:
The Wilk’s test is :

\% = -mlog eA



Where,

W
W+Q

Determinant of error matrix
Determinant of error + variety matrix

and,
+ k+
m= n-—14 ; 1
Where,
n = Total number of observations minus one,
q = number of variable minus one, and
k = number of characters under study.

‘v’ Statistics so obtained was compared with tHeutated value of? for 2gk

degrees of freedom.
3.5.2 Transformation of correlated variables

Plot means of the varieties corresponding to tharastters studied were
transformed to uncorrelated variables by Pivotahd&msation Method, which
rendered the computation of Dalues between any combinations of two varieties t
simple summation of squares of differences in fransed values for various
characters. The skeleton procedure of obtainingsteemed variables by Pivotal

Condensation Method is described below:

Let dispersion matrix of original variableg xx; ............ Xp be
7\,11 7\,12 .................. 7\,1p
7\.21 7\.22 .................. 7\.2p



}\.pl }\.pz .................. }\.pp

)\411 )\412 .................. )blp X1
}\421 }\422 .................. }\.Zp X 2
>bp1 )Lpz .................. )Lpp Xp

taking,; as the first pivotal element, the first row ipleeed by

A2 Ap X1

7\.11 }\«11 }\411



Sweeping out first column and using the first patobw, following reduced

matrix is obtained

@ .................. Aop\ | X2
@ .................. y Xp'

where,
)\4] - - )\4” X|
}\411
o il
2\ 2\
Now, = V(xi) = V(xi) - anl COV.()Q Xl) + 7\,"” V (Xl)
P
—7\4| }\fll Xll
Now, V(xif) =+ ;II V(X|)
1l
Similarly, Cov. (%1 XJ) =4’
Similarly, Cov. (%' xj") =X’
also, cov. (x 1% = cov. (xlIxi) - Al V(Xi)



M
=il - Ail=0

So the new variables are uncorrelated.
Considering the second pivotal row
W23 A2p x2'

122 222 22
the further reduced matrix is

X337 e, 23p" 2X3"
)\4p3” )\‘ppﬂ XpN

resulting into variables
XL X 2 X 3 e with variance
XL XA22 N33 e

They are all mutually uncorrelated as shown abaonkefarther % depends on

x1 and %', and % on %', X and x only.
3.5.3 Computation of 3 values

For each pair-wise combination of the varietiesdliferences in transformed
values for various characters were computed graalies were calculated according

to the following formula:



P _
D’ :Z(Yij =Y4)?
=

Where,

P = number of characters studied, and

are two transformed variables of tiecharacter for
two genotypes

Yij and Y

3.5.4 Relative contribution of individual charactess towards total divergences

The ranking of differences in uncorrelated meartsvéen all the characters
for all pair-wise combinations of varieties wasregad out, with first rank being
assigned to the highest differences. Finally redatcontribution of a character
towards total divergence was estimated by caladate percentage of first rank in
that character.

3.5.5 Group constellation

Tocher's method was used for assigning varioustias to different clusters.
The two varieties having smallest distance fromheather were considered first to
which a third variety having smallest averagevRlue from the first two varieties
was added. Next come the nearest fourth varietythadorocess continued till the
average D value increased. The remaining varieties were t@msidered for the
next cluster and the process was continued tilvalleties were included in various

clusters.

The spatial distances between clusters were aravég taking square root of
average intra and inter clustef @alues.

For each combination (pair of genotypes) the meaiation (di) i.e. Y:-Y;

withl=1, 2, 3........... p was computed and &lues were calculated as sum of



these deviations i.e. fyy?), where, yis the transformed variable from the original
variable xi. Accordingly B values for all combinations were calculated. The D
values so obtained for each pair of population viezated as %and were tested
against the tabulated values)3ffor p degrees of freedom, where p is the number o
traits considered.

In all combinations each character was ranked enbtsis of d=y; - Vi
values. Rank | was given to the highest mean diffee and rank p to the lowest
mean difference, where p is the total number ofradtars. In this manner

contribution of each character to the total divemgewas computed.

Tocher method for grouping of varieties into vadoelusters was adopted.
This method is detailed in a simplified way by R@852) and Singh and Choudhary
(1985).

All the above computations were carried out ushmg goftware Windostat at
Computer Section of the Division of Plant Breediagd Genetics, SKUAST-
Kashmir, Shalimar.



Chapter - 4
EXPERIMENTAL FINDINGS

The results of present investigation entitled, ‘ebility and Divergence in
Bottle gourd [agenaria siceraria (Molina) Standl.]” was carried out to study the
magnitude of variability for maturity, quality anglield and yield attributing
characters and analyse cause and effect relatmrshias to identify the most
important component traits contributing to fruitthd. The experimental material
comprised genotypes mostly suited to mountain reggivith two checks SKBG-12
and Shalimar Improved. The list of genotypes usedhe study is presented in
Appendix-1. Data was recorded on thirteen matugtgld component and quality
traits viz., days to first male flower, days taesfifemale flower, node number at
which first female flower appeared, ratio of femate male flower, number of
secondary branches pldntays to first fruit harvest, number of fruits pid, fruit
length (cm), fruit girth (cm), average fruit weigfkg), total fruit yield plant (kg),
total chlorophyll content (%) and total dry mattentent (%).

4.1 Analysis of variance

Analysis of variance indicated substantial vapbiatamong the genotypes for

all the thirteen characters under study as showrabie-1.
4.2 Range of variability

The experimental material exhibited wide variaioncharacters under study
(Table 2).

A wide range of variation was observed for daysppearance of first male
flower from 57.00 (ABGS-99) to 40.33 (PBOG-8). Thays to appearance of first
female flower ranged from 67.66 (Shalimar Improvexdb0.00 (PBOG-8) and node



Table-1:

Analysis of variance with respect to M.S.$r different traits in Bottle gourd
[Lagenaria siceraria (Molina) Standl.]

Source of

Mean sum of squares

Node number at

d.f. | Daysto Days to S Ratio of Number of Days to
first male first female female to secondary first fruit
female flower
flower flower male flower branches harvest
appeared
Replications 2 0.857 2.126 0.603 0.156 1.500 71.16
Genotypes 41 49.033* 48.344** 8.693** 0.826** 836 54.506**
Error 82 0.653 0.728 4.237 0.051 1.833 19.02
** - Significant at 1% level of significance
Cont...



Table 1 Cont...

Mean sum of squares
Source of of
variation " | Number of | Fruit length | Fruit girth | Average fruit | Total fruit yield | Chlorophyll | Dry matter
fruits plant™ | (cm) (cm) weight (kg) plant™ (kg) content (%) | content (%)
Replications 2 6.103 137.225 61.612 0.059 1.143 09/.3 1.799
Genotypes 41 8.793** 143.318* 79.461* 0.365** D&~ 12.392** 17.950**
Error 82 2.306 42.317 29.326 0.079 0.279 3.374 .79

** - Significant at 1% level of significance




Table-2:

Estimatesof variability parameters for different characters in Bottle gourd [Lagenaria siceraria
(molina) Standl.]

Coefficient of variability Broad sense Genetic
NS(; Character Mean Range (% heritability advance
' Phenotypic Genotypic (bs) (% of mean)
1. Days to first male flower 47.38 57.00-40.33 8.64 8.47 0.961 17.11
2. Days to first female flower 57.29 67.66-50.00 7.11 6.95 0.956 14.00
3. Node number at which first 5.44 2.00-9.33 43.93 22.38 0.260 23.49
female flower appeared
4. Ratio of female to male flower 0.65 0.34-1.16 42.15 24.21 0.330 28.64
5. Number of secondary branches 3.86 3.00-7.00 61.64 45.57 0.547 69.41
6. Days to first fruit harvest 87.52 98.00-79.00 6.34 3.92 0.383 5.01
7. Number of fruits plant™ 4.07 3.66-8.33 52.43 36.47 0.484 52.26
8. Fruit length (cm) 28.82 15.53-41.53 30.24 20.12 0.443 27.60
9. Fruit girth (cm) 24.20 14.20-39.53 28.03 16.89 0.363 20.96
10. | Average fruit weight (kg) 0.85 0.72-2.01 53.45 39.43 0.544 59.92
11. | Total fruit yield plant ™ (kg) 3.15 2.61-8.22 54.79 50.92 0.864 97.51
12. | Chlorophyll content (%) 6.19 2.33-12.33 40.80 28.00 0.471 39.60
13. | Dry matter content (%) 6.34 3.00-15.33 4411 35.39 0.644 58.51




number of first female flower appeared ranged betw@.00 (AJBG-9) to 9.33
(NDBG-601).Ratio of female to male flower ranged between @R4#sa Naveen) to
1.16 (NDBG- Round-2). Number of secondary brancheged from 3.00 (PBOG-7)
to 7.00 (AJBG-4002).

Days to first fruit harvest ranged from 98.33 (ABG® to 79.00 (Guttka)
and number of fruits plantranged from 3.66 (NDBG-619) to 8.33 (Pusa Naveen).

Length of fruit ranges from 15.53 cm (NDBG- Roundt@ 41.53 (Shalimar
Improved) and fruit girth ranged from 14.20 cm (A)Sto 39.53 cm (Narendra
Madhuri). Average weight of fruit ranges betweeii20kg (PBOG-2) to 2.01 kg
(Pusa Naveen). The range of total fruit yield pfamtas between 2.61 kg (NDBG-
Round-2) to 8.22 (SKBG-12).

The range of Percent Chlorophyll content was bem283 (VRBG-2) to
12.33 (SKBG-12) and dry matter content ranged betw@00 % (NDBG-133) to
15.33 % (SKBG-12).

Variation among different genotypes is shown in &pgix- 2.
4.3 Estimates of Genotypic and phenotypic coeffient of variation

The estimates of genotypic coefficient of variatiwere low as compared to
phenotypic coefficient of variation (Table 2) fdf the characters under study. The
genotypic coefficient of variation was lowest foayd to first harvest (3.92) and
highest for total fruit yield plaft (50.92). The phenotypic coefficient of variation
was lowest for the character days to first fruitveat (6.34) and highest for number
of secondary branches (61.64). Both the coeffisiait variation for rest of the

characters ranged in between those for above dbasac



4.4 Estimates of Heritability and genetic advance

Lowest heritability was recorded for node numberwdich first female
flower appeared (26.0%), followed by ratio of femm&b male flower (33.0%), fruit
girth (36.3%) and days to first fruit harvest (38.Bowever, the character days to
first male flower recorded highest heritability (9%), followed by days to first
female flower (95.6), total fruit yield plaht(86.4%), dry matter content (64.4) and
number of secondary branches (54.7%), Whereas mérgacharacters like number
of fruits plant’, fruit length and chlorophyll content showed meditneritability
(44.3-48.4).

The genetic advance expressed as percent of meamvér, ranged from
5.01 for days to first fruit harvest to 97.51 fotal fruit yield plant.

4.5 Estimates of phenotypic and genotypic correlatn coefficients

The magnitude of genotypic correlation coefficgeimt general was higher

than the phenotypic correlation coefficients (Tab)e

The days to appearance of first male flower exédgignificant and positive
correlation with days to appearance of first femtidever and days to first fruit
harvest at both genotypic and phenotypic levels,miamber fruits plart only at
genotypic level. It was significantly and negatweatorrelated with number of
secondary branches plantaverage fruit weight, total fruit yield plaht total
chlorophyll content and dry matter content at ggpict and phenotypic levels; for
fruit length, fruit girth only at genotypic levefpr number fruits plant only at
phenotypic level. It was non-significantly and gingly correlated with node number
at which first female flower appeared at genotygnd phenotypic levels. It was non-
significantly and negatively correlated with ratad female to male flower at
genotypic and phenotypic levels, for fruit lengthdafruit girth only at phenotypic

levels.



Table-3: Genotypic (Upper Value) and Phenotypic (Lower Valug Correlation coefficients betweer
various pairs of characters inBottle gourd [Lagenaria siceraria (Molina) Standl.]
' 5. Days Daysto  Node Ratio No.of Days to No.of Fruit Fruit Average  Total Total Dry
Vo Character to first Im-mb.!r of secondary  firstfruit  fruits length girth fruit fruitvield chlorop- matter
o first  female atwhich  fepyale  branches  harvest plant?! (em) (cm) weight plant?! hyll
male  flower p t " tomale plant? (kg) (kg) content (%)
flower ;Dma ¢ flower (%)
Wer
appeared
1.  Daysto first male 0.3427*=  0.0388 01930 04388%= 11326 04011==  -02300%  -03086%* -03130%* 030017*= 03380 03311%=
flower 0.5100+=  0.0201 00873 03260%%  (.6560 -02666% 01492 -0.1783 -02441%  02832*= 02486 -02806%
2. Davwsto first .1817 1996 -0.3231%=  0.6321%= 04336  0.1967 -02323® -.2083* -0.0948 1164 -0.2363==
fermale flower - 00736 000934 -02136% 0.4020%*  -0.3036%F  0.1243 -0.1503 -0.1688 -0.0939 -0.0837 -0.2263*
3. Nodeno. atwhich 11146 -0.1946 0.0637 -0.3093%* (1514 0.0340 -0.0570 -0.0524 -0.0904 -0.0286
15t famale flower - 02320 0.0486 0.1067 -0.1462 0.0140 -0.0533 0.0301 -0.0823 0.0928 -0.0332
appeared
4. Ratio of female to -02681*=  -0.08%6 0.0781 01776 0.2390* -0.0481 0.0930 0.4027==  0.3173%=
male flower - -0.0540 01130 0.0033 -0.0438 0.1681 0.0044 0.0633 0.0639 0.1465
5.  No.of secondary 04437*  02793* 0.3020=  0.0142 0.2337* 01160 0.3040%*  0.3436%*
branchesplant™ - -0.1638 0.1619 0.1151 -0.1173 0.0874 0.0208 0.2794%  02178%
6.  Daysto first fruit -0.4006%=  03437FF  035241%F  2873%F  03278%F  03854%F 04225
harvest - -0.2153 -0.0334 -0.0831 -0.1648 -0.1684 01126 -0.1823
7. MNo.of fruits 0.17%0 0.2404%  03912%=  0.5333*=  (4782%= (0.7033*
plant’! - 0.2621% 0.0984 0.1989 0.3408%  02500%  0.4045%
8. Fruitlength (cm) -0.0441 0.1807 0.3863*  02447*  0.1836
- 02301  02626% 03177 0.0608 0.1920
9. Fruit girth (em) 0.4454==  04354* 01293 0.1388
- 0.3367%  0.3601**  0.0368 0.0788
10, Average fruit 0.7306%F  02818% (3227*
weight (kg) - 0.6140%*  0.1533 0.1684
11.  Total fruit yield 0.6347%=  (.6483°=
plant™ (kg) - 0.4086%*  (0.4361**
12, Totalchlorophyll — 0.7857%*
content (%) 0.4230%=
13. Dry matter -
content (%)

* ¥ Bignificant at 3% and 1%level of significance, respectively.



The Days to appearance of first female flower wamicantly and
negatively correlated with number of secondary thas plart, dry matter content
at both genotypic and phenotypic levels and foit fgirth and average fruit weight
only at genotypic level. It was significantly andsttively correlated with days to first
fruit harvest at both genotypic as well as phenictygvels. It was non-significantly
and negatively correlated with node number at whiigt female flower appeared,
ratio of female to male flower, total fruit yieldgmt®, total chlorophyll content at
both genotypic as well as phenotypic levels andfriait girth, average fruit weight
only at phenotypic level. It was non-significandgd positively correlated with fruit

length at both genotypic as well as phenotypiclkeve

Nodal position of first female flower showed a rggnificant and negative
correlation with number of fruits, total fruit yilplant® at both genotypic as well as
phenotypic levels and for number of secondary bras@larit, average fruit weight
plant®, total chlorophyll content showed only at genotyfEvel and for fruit girth
only at phenotypic level. It showed non-significagpositive correlation with days to
first fruit harvest, fruit length at both genotyms well as phenotypic levels and for
number of secondary branches pfanaverage fruit weight plant chlorophyll
content showed only at phenotypic level and foit fgirth showed only at genotypic
level. It showed a significant and positive assob@mwith ratio of female to male

flower only at phenotypic level.

Ratio of female to male flower showed a non-sigaifit and negative
correlation with days to first fruit harvest, frdéngth at both genotypic as well as
phenotypic levels and for number of secondary Braslarit only at phenotypic
level and for average fruit weight only at genotypevel. It also showed non-
significant, positive correlation with number ofiits plant', total fruit yield plant at
both genotypic as well as phenotypic levels andfriait girth, average fruit weight,

chlorophyll content, and dry matter content shoveedy at phenotypic level. It



showed significant and positive correlation withifrgirth, chlorophyll content, and
dry matter content only at genotypic level. It aldmwed a significant and negative

correlation with number of secondary branches planty at genotypic level.

Number of secondary branches pfarghowed a significant and positive
correlation with average fruit weight plantruit length, number fruits plattat only
genotypic level, and for chlorophyll content, dratter content at both genotypic as
well as phenotypic levels. It showed significangaiéve association with days to first
fruit harvest at only genotypic level. It showednan-significant and negative
correlation with days to first fruit harvest, frugirth only at phenotypic level. It
showed non-significant and positive correlationhwidtal fruit yield plarit at both
levels genotypic as well as phenotypic levels,ffait girth only at genotypic level,
for number of fruits plart, fruit length, and average fruit weight only atepbtypic

level.

Days to first fruit harvest showed a significantiaregative association with
number of fruits plant at genotypic as well as phenotypic levels and fyirth, fruit
length, average fruit weight, total fruit yield,lchophyll content, dry matter content
only at genotypic level. It showed a non-significaegative correlation with fruit
girth, fruit length, average fruit weight, totalit yield, chlorophyll content and dry

matter content only at phenotypic level.

Number of fruits plant showed a significant and positive correlation with
total fruit yield, chlorophyll content and dry mattcontent at genotypic as well as
phenotypic levels and for fruit girth, average frweight only at genotypic level and
for fruit length only at phenotypic level. It shosvea non-significant positive
correlation with average fruit weight, fruit girtmly at phenotypic level and for fruit

length only at genotypic level.



Fruit length showed a non-significant negative elation with fruit girth only
at genotypic level. It also showed a non-significpositive correlation with fruit
girth and chlorophyll content at phenotypic levetidor average fruit weight plaht
at genotypic level and for dry matter content abajgpic as well as phenotypic
levels. It showed a significant positive correlatiwith total fruit yield plant at
genotypic as well as phenotypic levels and for ager fruit weight at only

phenotypic level and for chlorophyll content ontyganotypic levels.

Fruit girth showed a significant positive corretetiwith average fruit weight
plant’ and total fruit yield plant at genotypic as well as phenotypic levels. It also
showed a non-significant positive correlation witiiorophyll content and dry matter

content at genotypic as well as phenotypic levels.

Average fruit weight plaflt showed a significant positive correlation with
total fruit yield plant® at genotypic as well as phenotypic levels andcfdorophyll
content and dry matter content only at genotypiellelt showed a non-significant
positive correlation with chlorophyll content andydmatter content only at

phenotypic level.

Total fruit yield plant showed a significant and positive correlation with

chlorophyll content and dry matter content at ggpiotas well as phenotypic levels.

Chlorophyll content showed a significant positiverelation with dry matter

content at genotypic as well as phenotypic levels.
4.6  Cause and effect relationship (path coefficiemnalysis)

Direct andindirect contributions of twelve different yieldt@buting traits
were estimated through partitioning of their gepatycorrelation coefficients by path

analysis. The results are presented in Table-4dapttted in



Table-4: Path Coefficient Analysis of direct (diagonal) andndirect (above diagonal) effects of componer

traits in Bottle gourd [Lagenaria siceraria (Mol.) Standl]

5. Character Days to [ Days Node Ratio of No. of Days to No. of Fruit Fruit Average Total Dry Genotypic
No. first to first | number | femaleto | secondary | first fruit fruits length girth fruit chlorophvll | matter correlation
flower | female | at which male branches harvest plant? (cm) (cm) weight content content with vield
flower first flower plant? (kg) (%) (%) (g plant?)
female
flower
appeared
I. | Days tofirst 03009 | -0.1177 | -0.0084 0.0027 02132 02017 0.0540 0.0864 0.0260 | -0.1898 01881 0.0310 0.3017#*
flower
II. | Days tofirst 0.1633 | 02170 | 0.0392 -0.0028 0.1584 01141 0.0584 0.0739 00196 | 0.1256 0.0648 -0.0441 -0.0948
female flower
III. | Nodenumberat 0.0117 | 00324 | -0.2157 0.0156 0.0934 00111 0.0416 0.0569 0.0029 0.0344 0.0303 20.0044 0.0524
which first female
flower appeared
IV. | Ratioof female to | -0.0381 | 0.0433 02404 0.0140 0.1315 0.0157 -0.0105 0.0667 0.0202 0.0290 0.2241 0.0480 0.0930
male flower
V. | No.of secondary 0.1320 | 0.0701 0.0420 -0.0038 -0.4904 0.0776 0.0376 0.1138 0.0012 0.1408 0.1803 0.0537 0.1160
branches plant?
VI. | Days tofirst fruit 03468 | 0.1415 | -0.0137 0.0013 02176 0.1750 0.0660 01202 00442 | 01732 02145 -0.0651 0.3278%=
harvest
VIL. | No.of fruits plant | -0.1207 | 0.0941 0.0667 0.0011 0.1369 0.0858 -0.1346 0.0672 0.0203 03337 0.2662 0.1084 0.5533%*
1
VIIIL. | Fruit length (cm) 0.0692 | 00427 | -0.0327 0.0025 0.1485 0.0603 0.0241 03756 0.0037 0.1089 0.1362 0.0286 0.3863%=
IX. | Fruit girth (cm) 00929 | 00504 [ 00073 0.0033 00069 0.0917 00324 0.0166 0.0843 02684 0.0720 0.0214 0435432
X. | Average fruit 0.0048 | 0.0452 0.0123 -0.0007 0.1146 0.0503 0.0527 0.0679 0.0376 0.6025 0.1568 0.0497 0.7506%*
weight (kg)
XI. | Totalchlorophyll 0.1017 | 00252 0.01935 0.0056 02471 0.0674 0.0644 04919 0.0109 0.1698 0.1565 0.1210 0.6547%#
content (%)
XII. | Dray matter 00996 | 0.0622 0.0062 0.0044 0.1709 0.0739 -0.0047 0.0697 0.1117 0.1945 0.1372 0.3540 0.6435%*
content (%)
Residual effect=0.1669 *® ** Significant at 5% and 1%, respectively.
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Harendra Madhuri Punjaly Rownd PEOG-8 HOBG-133
ABGS - 99 SKBG-12 Thar Samricldhi Fusa Naveen
NDBG-123 DBEG-5 PSPL AJRG - 4002 NOBG = Round - 2

Plate —2: Variability observed among different Bottle gouid Genotypes [Lagenaria siceraria (Mol.) Standl.]



Figure-1. Average fruit weight recorded highestipos direct effect (0.6025) on
total fruit yield plant followed by fruit length (0.3756), dry matter cent (0.3540)
and days to first male flower (0.3009). Total cblanyll content (0.1565), fruit girth

(0.0843) and ratio of female to male flower (0.0lr¥ealed weak positive effect.

Highly significant and positive genotypic corretati of number of fruits
plant® with total fruit yield plant was observed mainlyealto indirect effect of this
trait via average fruit weight (0.3357), total aldphyll content (0.2662). Significant
genotypic correlation of fruit girth with dependardriable, at genotypic level was
observed to be mainly due to strong positive irddiedfect via average fruit weight
(0.2684) and total chlorophyll content (0.0720).

Average fruit weight exhibited a strong positiveedt effect on total fruit
yield plant’. However, the highly significant negative corriatof this trait with
total fruit yield plant was supported by strong indirect negative efféctmumber of
secondary branches pldntDry matter showed a strong direct effect on tétait
yield plant', however strong correlation of dry matter withatdtuit yield plant' was
due to weak indirect positive effect via averagdtfiveight and total chlorophyll
content. Total chlorophyll showed a weak positiveda effect on total fruit yield
plant®, however strong correlation of total chlorophydintent with total fruit yield
plant* was due to strong indirect positive effect viaitfrgirth and average fruit

weight.

The study of direct and indirect effects clearlglicated that average fruit
weight and fruit length were the most importanttsréhat influenced the dependant
variable through direct effect. Path analysis réaca residual variance of 0.16

indicating thereby that percent accounted for leygath analysis.



4.7 Estimation of genetic divergence

Analysis of variance for dispersion (Table-5) raeel that the genotypes
tested expressed significant variability for albqtitative and quality characters. The
‘V’ statistics which is a Wilk’s criterion was sigitant and its value was 0.005812.

Genetic divergence was estimated for forty two ¢ygoes of Bottle gourd.

Based on the performance of the genotypes, forty genotypes (including
checks) got grouped into 4 clusters (Table-6) as Mahalanobis B analysis
employing Tocher’'s method (Rao, 1952). Clusterrhpdsed of maximum cultivars
(29) followed by cluster Il (9), cluster 11l (3) drcluster IV (1). Cluster | grouped
Punjab Round, Local long green and NDBG round-2rede SKBG-12 got grouped
in cluster Il alongwith PSPL, NDBG-123, Pusa Navesn PBOG-89. The single
genotype Shalimar Improved got clubbed in clustérwhereas PBOG-7, ABGS-99
and Bhagirathi go grouped in cluster III .

The mean intra and inter cluster distancé) (&alue (Table-7) revealed that
cluster 1l had the highest intra cluster distaibé) value of 167.00 followed by
cluster | (96.92) and cluster Il (95.64). The intduster distance #) value was
highest between cluster 1l and 1l (658.09) follavey cluster Il and IV (475.36),
cluster Il and IV (414.76), cluster | and Il (28%). The minimum inter cluster

distance was observed between cluster | and IV.{&)%nd cluster | and Il (227.84).

Cluster means for different traits (Table-8) reedathat the magnitude of
differences among the mean of traits for differteaits was significant. The range of
variation in cluster means for days to first femiidsver was 42.00 in cluster IV to
55.33 in cluster Ill. Minimum mean of days to fifsuit harvest was recorded in
cluster IV (81.00) and maximum in cluster 1ll (98)7 The range of variation in
cluster means for number fruits planvas 3.49 in cluster | to 5.89 in cluster II.

Cluster mean for fruit length ranges from 26.2Xluster 11l to 41.53 in cluster IV.



Table - 5: ANOVA for dispersion in various genotyes of Bottle gourd

Source of Variations df Mean Squares
Varieties 41 4.79**

Error 81 1.62

Total 122 5.47

** Significant at 1% level of significance
Wilk's Creiterion = 0.005812

V statistics = 2880.00



Table-6:  Distribution of different Bottle gourd genotypes into clusters based on bstatistics

Cluster Number of genotypes in cluster Name of the genotypes

NDBG — 622, Narendra rashmi, PBOG- 4,
PBOG- 6, Narendra madhuri, NDBG — 140,
NDBG- 5006, NDBG round- 2, NDBG —
133, NDBG - 613 — 4, NDBG - 619, F -G —
2, NDBG - 104, NDBG - 129, F-S - 10,
F - S — 1, Thar samriddhi, Local long green,
DBG - 5, JBOGL - 03 — 1, Punjab round,
Guttka, DBG - 6, AJBG — 9, AJBG - 99 -1,
VRBG -2, PBOG - 92, DARL - 28

Il 9 PSPL, PBOG- 8, NDBG - 123, SKBG —
12,

NDBG - 601, Narendra dharidhar, Ajbg —
4002, Pusa Naveen, PBOG - 89

1l 3 PBOG- 7, ABGS — 99, Bhagirathi

\Y 1 Shalimar improved




Table-7:  Average inter cluster (above diagonal) anéhtra cluster (diagonal) D? values among different
Bottle gourd genotypes

Cluster I Il 1l v
I 96.92 227.84 265.21 255.75
I 95.64 658.09 414.76
1 167.00 475.36
\ 0.000

Table-8: Cluster means for morphological, maturity,yield and yield component traits in different
clusters of Bottle gourd genotypes

Clusters Days Daysto Node Ratio of Number of Daysto Number Fruit Fruit Average Total Total Dry
to first first number at Female secondary first of fruits  length girth fruit fruit chlorophyll  matter
male female which first tomale branches fruit 1 weight yield content content
flower  flower female flower 1 harvest plant (cm)  (cm) plant™ (%)
plant (kg) (%)
flower (kg)
appeared
I 48.17 58.03 5.48 0.66 2.93 88.26 3.49 27.18 24893 2.30 5.86 5.56
Il 42.78 52.78 5.74 0.70 4.07 83.11 5.89 33.59 2437 0.96 3.56 7.26 8.37
1 55.33 60.22 4.89 0.50 3.11 95.78 3.67 26.21 18.69 0.65 2.19 5.78 7.33
[\ 42.00 67.67 3.33 0.45 6.00 81.00 4.00 4153 28.30 2.24 4.47 7.33 8.00




Cluster mean of fruit girth ranges from 18.69 instér 11l to 28.30 in cluster
IV. The range of variation in cluster means forrage fruit weight was from 0.65 in
cluster Il to 2.24 in cluster IV. The cluster me@ial fruit yield plant ranges from
2.19 in cluster Ill to 4.47 in cluster IV. The metotal chlorophyll content ranges
from 5.78 in cluster Ill to 7.33 in cluster IV. Thmean dry matter content ranges

from 5.56 in cluster | to 8.37 in cluster II.

The percent contribution of the traits towardsltgenetic divergence (Table-
9) revealed that total fruit yield plahtvas the main factor contributing towards
divergence (47.96 percent) followed by number oitérplant: (17.77 percent), days
to first female flower (13.01 percent), days tostfimale flower (10.10 percent),
average fruit weight (2.56 percent), number of sdapy branches plant(2.09
percent), fruit length (1.97 percent) and dry nrattentent (1.28 percent). The
minimum contribution towards divergence was frormioraf female to male flower,
fruit girth and total chlorophyll content (0.93 pent), node number at which first

female flower appeared (0.35 percent) and daysgofifuit harvest (0.12 percent).



Table-9:  Percent contribution of individual traits towards total genetic divergence in Bottle
gourd [Lagenaria siceraria (Mol.) Standl.]

Traits Times Ranked ' Contribution %
Days to first male flower 87 10.10%
Days to first female flower 112 13.01%
Node number at which first female flower 3 0.35%
appeared

Ratio of Female to male flower 8 0.93%
Number of secondary branches pfant 18 2.09%
Days to first fruit harvest 1 0.12%
Number of fruits plarnt 153 17.77%
Fruit length (cm) 17 1.97%
Fruit girth (cm) 8 0.93%
Average fruit weight (kg) 22 2.56%
Total fruit yield plant" (kg) 413 47.96%
Total chlorophyll content (%) 8 0.93%
Dry matter content (%) 11 1.28%
Total 861 100%




Chapter -5
DISCUSSION

For selection to be effective, genetic variabilityust be present in the
breeding materials, thus, the success of a bregmogramme depends, in part upon
choosing breeding stocks that have sufficient deneariability. The use of
germplasm in Bottle gourd_fgenaria siceraria (Molina) Standl.] with a view to
increase genetic variability and introduce newlialleesources in the gene repository
is a key to increase productivity level of bottleugd under temperate conditions of
Kashmir valley which is a limiting factor as avaiility of good and sufficient
quantity of fresh fruits as well dry fruits durimgnter months has been a problem as
the valley has a typical temperate climate wittgldration of winter season. Efforts
are required to be made to develop/identify culswaith high yield potential in order
to increase the production of fruits. Classificatf total variability into its heritable
and non-heritable components such as, phenotypic gemotypic coefficients of
variations, heritability estimates and expected etjenadvance is of paramount
importance in understanding the genetic makeupngf lareeding material under

improvement.

Variances arising due to differences among genstype the present
investigation were highly significant for all th@aracters. This was in confirmation
of the results reported by many workers (Burtorg3t®rasad and Prasad 1979; Pal
and vani 1988; Sharma and Dhankar 1990; Narayah, 1996; Pandi&t al., 2009).
Components of phenotypic variability estimated dbrthe traits indicated that wide
range of variability existed for days to first mdlewer (57.00-40.33 days), days to
first female flower (67.66-50.00 days), node numbemwhich first female flower
appeared (2.00-9.33), ratio of female to male flow®6.34-1.16), number of
secondary branches (3.00-7.00), days to first fraitzest (99.33-79.00 days), number



of fruits plant' (3.66-8.33), fruit length (15.53-41.53 cm), fruiirth (14.20-39.53
cm), average fruit weight (0.72-2.01 kg), totalifryield plant® (2.91-8.22 kg),
chlorophyll content (2.33-12.33 percent), dry mattentent (3.00-15.33). A wide
range of variations existing for various quantitatiraits has also been reported in
Bottle gourd by various workers (Prasadal., 1993; Narayart al., 1996; Singhet
al., 2008 and Panddt al., 2009). The studies suggest that it should baiplesto

isolate superior genotypes during the selectiongss.

The estimates of phenotypic variance were highan tthe corresponding
estimates of genotypic variance for all the traitglicating thereby, the influence of
environment in the expression of these traits. Sithese estimates individually or
solely do not provide means to assess the natugeradtic variability, phenotypic and
genotypic coefficient of variation were also estieth Highest coefficient of
variation was recorded for total fruit yield planfollowed by number of secondary

branches and average fruit weight.

The estimates of PCV followed the same trend sugggeshereby that the
scope for improvement of these traits during saactould be based on phenotypic
variability. Moderately high values of PCV and GQ¥ve been reported in fruit
length and fruit weight (Pandit al., 2009).

The estimates of heritability are of considerablacpcal importance to the
breeder as they help in the formation of an effitiand pragmatic programme.
Heritability (broad sense) estimates are more médive as they indicate relative
importance of genotypic and environmental contrdyuto the variability exhibited
and the reliance that can be placed on phenotygbie\during selection. The estimate
of heritability for different characters rangedrfrd.26 (node number at which first
female flower appeared) to 0.96 (days to first nilaeer). The results are in general
agreement with the findings of other workers (Pansval., 1977 and Sharns al.,



1983) in Bottle gourd and (Reddy and Rao, 1984 lkkadam and Kale, 1985) in
Ridge gourd and (Chaudhaet al., 1991) in Bitter gourd and (Krishna Prasad and
Singh 1993) in Cucumber. The genetic advance b#iagfunction of heritability,
selection intensity and phenotypic standard dedogctindicates the magnitude of
improvement in the desired direction that can h@eeted in a particular character by
selecting a certain portion of the population.Ha present study high heritability was
coupled with high genetic advance (as percent cirmén total fruit yield plarit,
number of secondary branches, dry matter contesrtage fruit weight and number
of fruits plant’ whereas moderate values of genetic advance wabitexhby node
number at which first female flower appeared, ratidemale to male flower, fruit
length, fruit girth and chlorophyll content. Days first fruit harvest had low value.
Similar results were reported by several workeen(aret al., 1977). High genetic
advance (as percent of mean) was also reportedRégdy and Rao 1984) in fruit
yield plant', fruit weight and number of fruits plahtThe characters having high
heritability failed to express high genetic advafe® percent of mean) as reported by
(Sharma, 1983).

Improvement in all the traits excepting days tstfiruit harvest, days to first
female flower and days to first male flower canrbade through selection in the
existing germplasm material. For other traits hgization followed by selection is

expected to yield some good recombinants.

Progress of selection depends not only on the ptiopoof genetic variance
that a breeder uses in determining the magnitudbeotability but the practical
objective also includes assessment of nature anghitode of interrelationship
existing among characters of economic worth, amdaince that contribute to their
performance directly or indirectly. Indirect seleat methods make it possible to
select individuals that are likely to be superind &nable the breeder to eliminate the

materials that will probably give poor yields (Gadl, 1984). However, characters



known to be associated with high yielding abilityush be observable easily and
rapidly (Peltonen- Sainio, 1990). Yield, as it isllkknown, is a complex trait and its
performance is the result of interaction of sevéraits. Estimates of genotypic and
phenotypic correlations among the characters hageefiore, been found useful in
planning and evaluating breeding programmes (Johetsal., 1955; Aljibouriet al.,
1958). Genotypic correlation coefficients provide naeasure of the genetic
association among characters and give an indicaficharacters that could be useful
S0 as to identify more important ones for a paldiciselection programme. The
practical utility of selection of a given characts a measure of improving another
character depends on the extent to which theyelagded and this relation depends
not only on the genotypic correlation but also be phenotypic correlation and
variances (phenotypic and genotypic) of charadteaisided in the selection scheme.
Correlation among total fruit yield plahand other quantitative traits are important in
Bottle gourd breeding programme because cultivaeirto have good productivity

in quantitative traits besides good quality.

The correlation coefficients, in the present inigsgtton both at the
phenotypic and genotypic levels, indicated thatatt@r association in general were
more favourable for breeding high yielding cultvan. The estimates of genotypic
correlation coefficients were mostly found to bghar in magnitude, though similar
in direction than their corresponding estimateplofnotypic correlation coefficients,
and the findings were in general agreement withetiréier reports of (Narayaat al .,
1996; Badadet al., 2001; Kumaret al., 2007; Yadawet al., 2007 and Pandé al.,
2009). Days to first fruit harvest showed signifitand negative association with
number of fruits plant at genotypic as well as phenotypic levels and fyirth, fruit
length, average fruit weight, total fruit yield,lchophyll content, dry matter content
only at genotypic level. These yield contributinguits also showed positive

interrelationship with each other. Total fruit yleplant' showed significant and



positive correlation with number of fruits planfruit length, fruit girth, average fruit
weight plant, total chlorophyll content and dry matter contelaint® at genotypic as
well as phenotypic levels. Similar findings wer@aoded by (Prasaet al., 1993) in
Bottle gourd, of fruit yield plaftand with number of fruits plant average fruit
weight and number of female flowers plantvere found to be significant and
positive. Similar findings were reported by (Namaghal., 1996; Badadet al., 2001;
Kumar et al., 2007; Yadawet al., 2007 and Pandit al., 2009) in Bottle gourd,
(Doijode, 1984) in Pumpkin, Choudhagyal., 1987; Singhet al., 2002 and Raet
al., 2004) in Cucumber, (Doret al., 2002) in Pointed gourd, (Choudhaaly al.,
2003) in Muskmelon, and (Roloné& al., 2003) in Watermelon, and (Narankuéty
al., 2006) in Snake gourd.

Total fruit yield plant' showed a significant negative correlation with sl&y
first male flower at both levels and non- signifitamegative association with days to
first female flower and node number at which filestnale flower appeared. Similar

findings were reported by (Sharma and Dhankar, 1B98ays to first female flower.

Interrelationship among various quantitative traitsl yield contributing traits
was observed to be significant and positive bothestotypic and phenotypic level.
The results clearly revealed a scope of simultamdmprovement of these traits
selection.

The days to appearance of first female flower wsignificantly and
negatively correlated with No. of secondary braschkant', number of secondary
branches plaflt dry matter content at both genotypic and pheriotigvels and for
fruit girth and average fruit weight only at genatylevel. It was significantly and
positively correlated with days to first fruit hast at both genotypic as well as
phenotypic levels. It was non-significantly and ately correlated with node

number at which first female flower appeared, ratidemale to male flower, total



fruit yield plant, total chlorophyll content at both genotypic adlvas phenotypic
levels and for fruit girth, average fruit weightlprat phenotypic level. It was non-
significantly and positively correlated with frgngth at both genotypic as well as
phenotypic levels. Number of secondary branchestplahowed significant and
positive correlation with average fruit weight pfanfruit length, number fruits plant

1 at only genotypic level, and for chlorophyll comtedry matter content at both
genotypic as well as phenotypic levels. It showkghiBcant negative association
with days to first fruit harvest at only genotypavel. It showed non-significant and
negative correlation with days to first fruit hasvefruit girth only at phenotypic
level. It showed non-significant and positive ctatien with total fruit yield plant at
both levels genotypic as well as phenotypic levids, fruit girth only at genotypic
level, for number of fruits plaft fruit length, and average fruit weight only at
phenotypic level. Days to first fruit harvest shawsignificant and negative
association with number of fruits pl&nat genotypic as well as phenotypic levels and
fruit girth, fruit length, average fruit weight,tad fruit yield, chlorophyll content, dry
matter content only at genotypic level. It showed-significant negative correlation
with fruit girth, fruit length, average fruit weightotal fruit yield, chlorophyll content
and dry matter content only at phenotypic levelm¥er of fruits plarit showed
significant and positive correlation with total itryield, chlorophyll content and dry
matter content at genotypic as well as phenotyprels and for fruit girth, average
fruit weight only at genotypic level and for frugngth only at phenotypic level. It
showed non-significant positive correlation withreeage fruit weight, fruit girth only
at phenotypic level and for fruit length only angéypic level. Fruit length showed
non-significant negative correlation with fruit tfironly at genotypic level. It also
showed non-significant positive correlation withifrgirth and chlorophyll content at
phenotypic level and for average fruit weight pfaat genotypic level and for dry

matter content at genotypic as well as phenotypiels. It showed significant



positive correlation with total fruit yield plahtat genotypic as well as phenotypic
levels and for average fruit weight at only phepatylevel and for chlorophyll
content only at genotypic levels. Fruit girth showsgnificant positive correlation
with average fruit weight plantand total fruit yield plant at genotypic as well as
phenotypic levels. It also showed non-significanbsipve correlation with
chlorophyll content and dry matter content pfaat genotypic as well as phenotypic
levels. Average fruit weight plahtshowed significant positive correlation with total
fruit yield plant' at genotypic as well as phenotypic levels and diolorophyll
content and dry matter content planonly at genotypic level. It showed non-
significant positive correlation with chlorophylbotent and dry matter content prant
only at phenotypic level. Similar findings were ogfed by (Narayaret al., 1996;
Badadeet al., 2001; Kumaset al., 2007; Yadaet al., 2007 and Pandét al., 2009) in
Bottle gourd, (Doijode 1984) in Pumpkin, Choudhairal., 1987; Singlet al., 2002
and Racet al., 2004) in Cucumber, (Dom al., 2002) in Pointed gourd, (Choudhary
et al., 2003) in Muskmelon, and (Roloniet al., 2003) in Watermelon, and
(Narankuttyet al., 2006) in Snake gourd.

Degree of relationship through the estimate ofelation simply measures the
nature of symmetrical association between varioaist However, it does not
provide adequate information concerning the mageitof direction and contribution
a particular trait makes to the ultimate econonradpct. In order to determine an
efficient criterion for selection of various qudative traits to improve the yield
performance, it is essential to know the direct ardirect contribution of the traits
towards this improvement through the study of caase effect relationship.
Recourse was taken to formulate this causal schemaresent investigation to
generate information on the direct and indirece@fof different traits on yield. The

application of path coefficient analysis was prexkty the formulation of the causal



scheme based on the a priori knowledge of the taakdions among the various

independent and dependent variables.

Accordingly days to first male flower, days to fifkemale flower, node
number at which first female flower appeared, rafitemale to male flower, number
of secondary branches plantlays to first fruit harvest, number of fruits pid fruit
length, fruit girth, average fruit weight, totallotophyll content, and total dry matter
content were taken as independent variables amdcibréribution towards total fruit

yield plant' (dependant trait) was determined.

Average fruit weight recorded highest positive direffect on total fruit yield
plant® followed by fruit length, dry matter content andyd to first male flower.
Total chlorophyll content, fruit girth and ratio tfmale to male flower revealed weak
positive effect. Highly significant and positive rggypic correlation of number of
fruits plant* with total fruit yield plant was observed mainlyedto indirect effect of
this trait via average fruit weight (0.3357), totehlorophyll content (0.2662).
Significant genotypic correlation of fruit girth thi dependant variable, at genotypic
level was observed to be mainly due to strong pesihdirect effect via average fruit
weight (0.2684) and total chlorophyll content (®0Y. Average fruit weight
exhibited a strong positive direct effect on totalit yield plant'. However, the
highly significant negative correlation of this itravith total fruit yield plant was
supported by strong indirect negative effect viemhar of secondary branches plant
Dry matter showed a strong direct effect on totaitfyield plant', however strong
correlation of dry matter with total fruit yield goit* was due to weak indirect
positive effect via average fruit weight and totehlorophyll content. Total
chlorophyll showed a weak positive direct effecttotal fruit yield plant;, however
strong correlation of total chlorophyll content fibtal fruit yield plart was due to
strong indirect positive effect via fruit girth armerage fruit weight. The study of

direct and indirect effects clearly indicated thaerage fruit weight and fruit length



were the most important traits that influenced dispendant variable through direct
effect. Path analysis revealed a residual variasfc@.16 indicating thereby that
percent accounted for by the path analysis. Simifict have also been reported for
Average fruit weight (kg), fruit length (cm) andri@us traits by (Narayaset al.,
1996; Badadet al., 2001; Kumaret al., 2007; Yadawet al., 2007 and Pandé al.,
2009) in Bottle gourd, (Doijode 1984) in Pumpkirhdtidharyet al., 1987; Singlet
al., 2002 and Raet al., 2004) in Cucumber, (Doret al., 2002) in Pointed gourd,
(Choudharyet al., 2003) in Muskmelon, and (Rolon& al., 2003) in Watermelon,
and (Narankuttyt al., 2006) in Snake gourd.

Genetic diversity, an important parameter to idgnthe genotype for
hybridization involving genetically diverse parents known to provide an
opportunity for bringing together gene constellatioelding desirable transgressive
segregates in advanced generations. However, ptstulof a rational criterion for
identification of such parents is still a line pledn in plant breeding. To consider
geographic diversity among parents an index of gerversity has been equally

acclaimed in numerous published reports.

On the other hand, Murthy and Arunachalam (1965potyesied that
Mahalanobis (1928) generalized distance, a meastimmetric distance between
population centroids, could be a very useful malii@te statistical tool for effective
discrimination among parents on the basis of gerditiersity. Precise information
about genetic divergence is critical for a produetibreeding programme, as
genetically diverse parents are known to produch Ieterotic effects increasing

consequently yield desirable segregants.

High yielding parents with greater genetic diverdte required to develop

productive hybrids. For identifying genetically drge parents for hybridization,



multivariate analysis (Mahalanobis? Btatistics, 1936) has been used in almost all

crop species. However such information is limitedBbttle gourd.

The ¥ statistic gives a result based on the magnitudéveirgence dependent
on the sample size. This technique has been ex&ynsised by numerous workers in
classificatory problems (Rao, 1952) in understagdine nature of genetic divergence
and for selecting diverse parents for successfliritiization in out breeding
population, such as self incompatible Brassica, r{iMuand Arunachalam, 1965,
1966) and in self pollinated crops, such as Lind@etnd and Murty, 1968), Wheat
(Jatasra and Paroda, 1978).

Genetic diversity in biological populations has mdeund to occur due to
several causes. Human selection has led to quiig @ray of varieties grown for the
same end product and thus, effected their diveraityereas stress conditions, natural
selection and genetic drift maintained divergerfBam and Panwar, 1970; Das and
Borthakur, 1973).

Studies in number of crop species with differergdoling systems by means
of D? statistic suggested that genetic diversity neetl b® directly related to
geographic diversity (Murty and Arunachalam, 196Bxperimental evidences in
Drosophila (Brunic, 1954; Wallse, 1955) have denaed that crosses of strains of
diverse origin exhibited greater heterotic respothsms crosses of strains of same
origin.

In present study 42 genotypes were evaluated tmatst the diversity as per
Mahalanobis B statistics. Analysis of variance for dispersioveaed that the
genotypes tested expressed significant variabflity all quantitative and quality
characters. The V' statistics which is a Wilk’sterion was significant and its value
was 0.005812. Genetic divergence was estimatefbfty two genotypes of Bottle
gourd.



Based on the performance of the genotypes, forty genotypes (including
checks) got grouped into 4 clusters as per MahhlanB’ analysis employing
Tocher's method (Rao, 1952). Cluster | comprisedn@ximum cultivars (29)
followed by cluster 11 (9), cluster Il (3) and dter IV (1). Cluster | grouped Punjab
Round, Local long green and NDBG round-2 wherea8GHK2 got grouped in
cluster 1l along with PSPL, NDBG-123, Pusa Naveead #BOG-89. The single
genotype Shalimar Improved got clubbed in clustérwhereas PBOG-7, ABGS-99
and Bhagirathi go grouped in cluster Ill. Clustgrof genotypes into different groups
through D3 statistics has also been reported by Baghdé, 2001 in Bottle gourd. It
also quoted that there were factors responsiblgédoetic divergence which may be

useful for heterosis breeding Bottle gourd.

The pattern of group constellations proved thaggaghical diversity was not
an essential factor to group the genotypes frorartiqolar source or origin into one
particular cluster. This means that geographic rditse though important, was not
only factor in determining the genetic divergencéadav et al., 2001 and
Veerabadhiran and Kennedy, 2002). The clusteringeobtypes from different eco-
geographic locations into one cluster could belatted to the exchange of breeding
materials from one place to another, this may desodue to the fact that the
unidirectional selection practised for a particuteait at several places produced
similar phenotypes which were aggregated in onsteturrespective of their distant
geographic origin. On the other hand, many genatygréginating from one place
were scattered over different clusters. Such gemersity among the genotypes of
common geographic origin could be attributed tddexlike heterogeneity, genetic
architecture of populations, past history of sétegtdevelopmental traits and degree
of general combining ability (Murty and Arunachalaf®66). The mean intra and
inter cluster distance @ value revealed that cluster Ill had the highesti cluster
distance (B) value of 167.00 followed by cluster | (96.92) atidster Il (95.64). The



inter cluster distance @ value was highest between cluster Il and Il (653
followed by cluster 1l and IV (475.36), clusterdhd IV (414.76), cluster | and Il
(265.21). The minimum inter cluster distance waseobed between cluster | and IV
(255.75) and cluster | and Il (227.84). (Singh d&md, 2002) also reported similar
type of finding in Muskmelon. The result clearlydioate that tremendous potential
exist for introgressing the allelic resources pnése these genotypes through a
systematic breeding and selection approach so asctiver high yielding quality

recombinants.

Cluster means for different traits revealed that mmagnitude of differences
among the mean of traits for different traits wagmigicant. The range of variation in
cluster means for days to first female flower w&s08 in cluster IV to 55.33 in
cluster Ill. Minimum mean of days to first fruit ivest was recorded in cluster IV
(81.00) and maximum in cluster Ill (95.78). Thegarof variation in cluster means
for number fruits plart was 3.49 in cluster | to 5.89 in cluster Il. Ckrstmean for
fruit length ranges from 26.21 in cluster 11l t0.83 in cluster IV. Cluster mean of
fruit girth ranges from 18.69 in cluster 1ll to 28. in cluster IV. The range of
variation in cluster means for average fruit weiglas from 0.65 in cluster Il to 2.24
in cluster IV. The cluster mean total fruit yielthpt® ranges from 2.19 in cluster IlI
to 4.47 in cluster IV. The mean total chlorophydhtent ranges from 5.78 in cluster
[ll to 7.33 in cluster IV. The mean dry matter camitranges from 5.56 in cluster | to
8.37 in cluster Il. The results clearly indicatattlcluster means of different clusters
identify the characters to be chosen for hybridiirat

The percent contribution of the traits towards ltofignetic divergence
revealed that total fruit yield plahtwas the main factor contributing towards
divergence (47.96 percent) followed by number oitsrplant' (17.77 percent), days
to first female flower (13.01 percent), days tostfimale flower (10.10 percent),

average fruit weight (2.56 percent), number of sdapy branches planht(2.09



percent), fruit length (1.97 percent) and dry mattentent(1.28 percent). The

minimum contribution towards divergence was fromioraf female to male flower,

fruit girth and total chlorophyll content (0.93 pent), node number at which first

female flower appeared (0.35 percent) and day#goffuit harvest (0.12 percent).

De et al., (1988) proposed that traits contributing maximtowards the Bvalue

need to be given greater emphasis for decidingherclusters to be chosen for the

purpose of further selection and parents for hyiaitibn.

Based on the findings of present investigationftilewing conclusion could

be drawn:

The material selected possessed vide range ofbdsidor all the characters
as indicated by magnitude pér se performance, phenotypic and genotypic
coefficients of variations.

High heritability with high genetic advance revehtbat traits contributing to
total fruit yield plant' could be need fully utilized for improvement oél.
Average fruit yield plaritand number of fruits plaiitare important traits and
due emphasis should be given to these while setpdétir higher total yield
plant®.

Clustering pattern indicated that geographical idivge need not necessarily be
related to genetic diversity. Crosses between gpestbelonging to cluster IV
and cluster Il are likely to exhibit heterosis. Bhar Improved can be used as

one of parents in future improvement programmers.



Chapter - 6
SUMMARY AND CONCLUSION

The present investigation “Variability and Divergenin Bottle gourd
[Lagenaria siceraria (Molina) Standl.]” was undertaken to elicit infoation on
genetic variability, heritability and to predictettgains realized through selection,
character association, cause and effect relatipregil divergence in 42 Bottle gourd
genotypes including 2 checks (SKBG-12 and Shalihmgroved). The experiment
was carried out with 3 replications at the RandeaiBlock Design with 3
replications at the experimental farm of the Dimisiof Vegetable Science, Sher-e-
Kashmir University of Agricultural Sciences and firology of Kashmir, Shalimar,
Srinagar. The observations were recorded for 13ackers viz., days to first male
flower, days to first female flower, node number valtich first female flower
appeared, ratio of female to male flower, numbesasfondary branches pldntdays
to first fruit harvest, number of fruits plahtfruit length (cm), fruit girth (cm),
average fruit weight (kg), total fruit yield plahtkg), total chlorophyll content (%)
and total dry matter content (%). Data was subgedte various statistical and

biometrical analysis and results obtained are suiaetin present chapter.

Wide spectrum of variability was observed for ak tjuantitative and quality
traits. All the traits except days to first fruiatvest and days to first female flower
exhibited low phenotypic and genotypic coefficiehvariation with the former being
higher in magnitude than the latter. The rangepfugnotypic coefficient of variation
is (6.34-61.64), the range for genotypic coeffitiehvariation is (3.92-50.92). Days
to first fruit harvest exhibited low phenotypic agdnotypic coefficient of variation
(6.34-3.92).

Heritability estimates (broad sense) coupled witighhestimates from

expected genetic gain (as percent of mean) werenodxs for total fruit yield plait



followed by days to first flower, days to first fate flower, total dry matter content,
number of secondary branches pfaritverage fruit weight (kg) and number of fruits
plant®.

Genotypic correlation coefficient were comparatvéiigher in magnitude
through similar in direction than their correspargli phenotypic correlation
coefficient for most of the traits. Total fruit yie plant’ showed significant and
positive correlation with number of fruits planfruit length, fruit girth, average fruit
weight plant, total chlorophyll content and dry matter contgmant’. It has a
significant negative correlation with days to firstale flower. Interrelationship
among various quantitative and yield contributingits was also observed to be
significant and positive overall. Dry matter cortteshowed significant negative
correlation with days to first male flower, daysfitst female flower and days to first
fruit harvest.

Path coefficient analysis of total fruit yield ptdnat the genotypic level
revealed that average fruit weight, fruit lengthd adry matter yield were the main
component that directly influenced the total fryield plant'. Significant and
negative correlation of total fruit yield plahtvith total chlorophyll content was
mainly via days to first fruit harvest. The estiesbf residual variability demonstrate
that most of the traits have been considered irettaduation of selective potential of

present material.

D? statistics grouped all the genotypes into 4 clsst€luster | had the
maximum number of genotypes (29) followed by cluste(9), cluster 11l (3) and
cluster IV (1). In general the clustering pattemdicating that no parallelism existed

between geographical location and divergence.

Average inter-cluster Dvalues were maximum between cluster Il and I
(658.06) followed by cluster Ill and IV (475.36) carcluster 11 and IV (414.76).



Maximum intra cluster distance was observed inteludl (167.00) followed by
cluster | (96.92) and cluster Il (95.64). Clusteeans for different traits exhibited
substantial variability. Genotypes that showedieess were grouped in cluster II,
these genotypes also exhibited highest cluster snéandays to first fruit harvest,
fruit length and fruit girth. Highest cluster mefor yield characters were observed
by genotypes grouped in cluster IV. For qualitytsréghe highest cluster means were

observed by cluster IV (chlorophyll content) andstér Il (dry matter content).

Component analysis of the phenotypic divergence ngmthe materials
revealed that percent divergence was contributetiditg like total fruit yield plart,

number of fruits plant, average fruit weight and fruit length.

Based on the findings of the present investigatien conclusion drawn for
further improvement of Bottle gourd genotypes faltigation in Kashmir valley is
that genotypes SKBG-12, Pusa Naveen, NDBG-123 a®BLP(cluster 1) and
genotype Shalimar Improved (cluster 1V) show adbgenetic diversity, so crosses

between these genotypes are likely to produce peanbinants with desired traits.
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Appendix — 1

List of gerplasm lines of Bottle gourd Lagenaria siceraria (Molina) Standl.]

S. No.| Genotype Source
1. | AIBG-9 Ambajogai, Rahuri
2. |AJBG-99-1 --do--
3. | AJBG - 4002 --do--
4. | ABGS — 99 --do--
5. | DARL - 28 DARL, Pithoragarh
6. | DBG-5 UAS, Dharwad
7. | DBG -6 --do--
8. | Bhagirathi PAU, Ludhiana
9. | Guttka --do--
10.| Punjab Round --do--
11.| NDBG — 123 NDUAT, Faizabad
12.| NDBG - 140 --do--
13.| NDBG - 601 --do--
14.| NDBG — 622 --do--
15.| NDBG - 5006 --do--
16.| NDBG — 619 --do--
17.| NDBG — 613 4 --do--
18.| NDBG -133 --do--
19.| NDBG - 104 --do--
20.| NDBG — 129 --do--
21.| NDBG — Round — 2 --do--
22| F-S-1 --do--
23| F-G-2 --do--




24| F-S-10 --do--

25.| Narendra Rashmi --do--

26.| Narendra Madhuri --do--

27.| Narendra Dharidhar --do--

28.| Pusa Naveen IARI, New Delhi
29.| Pusa Summer Prolific Long --do--

30.

PBOG -4

GBPUAT, Pant Nagar

31.| PBOG -7 --do--

32.| PBOG - 6 --do--

33.| PBOG -8 --do--

34.| PBOG -89 --do--

35.| PBOG - 92 --do--

36.| Thar Samriddhi JAU, Gujarat
37.,JBOGL-03-1 --do--

38.| JBG - 50 --do--

39.| VRBG -2 IIVR, Varanasi

40.| Local Long Green SKUAST - K, Srinagar

41.

Shalimar Improved

--do--

42.

SKBG - 12

--do--




Mean performance of various genotypes in Bottle goualr

Appendix — 2

S | Genotype Days to| Days Node | Ratio of | Number of | Days to| Number | Fruit Fruit Average | Total fruit | Chlor- Dry
No. first to first | number| female | secondary| first of fruits | length girth fruit yield ophyll matter
male female | of first | to male | branches fruit plant* (cm) (cm) weight plant* content | content
flower | flower | female | flower harvest (%) (%)
flower
1.| PBOG -4 51.66| 61.38 4.66 0.44 3.33 91,33 2.33 (34.@0.66 1.13 2.81 7.33 3.33
2. | PBOG -7 54.00] 65.00 3.0( 0.44 3.00 94,33 4.66 632.47.93 1.16 2.93 6.66 8.33
3. | PSPL 42.66| 52.66 5.33 0.5% 4.00 83.00 7.33 34.810.83 1.25 4.22 9.66 9.00
4. | PBOG - 6 49.33| 60.00 4.66 0.5% 3.33 89.33 433 &D.@25.03 0.74 3.00 7.00 8.00
5. | PBOG -8 40.33| 50.00 8.0( 0.78 3.33 80,66 3.33 629.@3.20 0.72 3.13 6.66 9.00
6. | NDBG — 123 42.66| 54.00 6.00 0.71 5.00 83.33 6.33 .8@p 26.30 0.84 5.02 9.33 11.38
7. | SKBG —-12 43.33| 54.66 5.66 1.13 4.00 83.66 8.00 9(BJ/. 28.96 1.59 8.22 12.3 15.38
8. | NDBG — 140 50.33| 60.383 4.33 0.63 3.66 90.33 3.33 .5(8R 27.33 0.85 3.77 4.33 4.00
9. | Narendra Madhurii 44,66 | 55.33 6.66 0.83 3.56 85.00 4.00 18.589.53 1.34 6.91 7.33 8.00
10| NDBG — 601 43.33| 54.00 9.33 1.038 3.33 83.33 2.33 .53 23.10 0.85 3.61 8.00 6.00
11| NDBG — 622 48.33| 57.38 8.33 0.81 3.33 88.66 1.66 .4@f 18.30 0.88 3.29 5.66 6.33
12| Narendra Rashmi| 47.66 | 58.66| 6.66 0.99 3.33 88.00 200 24.380.26 0.81 3.19 6.00 7.33
13| NDBG — 5006 51.33] 61.38 7.0( 0.82 3.42 91,00 2.660.86Y 21.40 0.61 3.08 5.00 4.00
14| NDBG — 46.66 | 56.000 4.66 1.16 3.50 87.66 533 15.5326.30 1.07 2.68 5.33 6.00
Round — 2

15| Narendra 133 48.660 58.66 6.0 0.56 3.3 89.66 2/680.66| 31.23 1.29 4.38 4.33 3.00
16| NDBG-613-4 | 52.66 | 63.33 8.33 0.81 3.33 93.33 3.66 26.637.46 0.61 2.69 6.33 5.33
17| NDBG — 619 52.33| 63.00 5.33 0.48 3.66 9266 2.33 .188 23.33 0.55 2.84 4.66 6.33
18| F-G -2 50.33| 59.66 6.66 0.8Y 3.14 90400 2.00 0624.30.60 0.70 2.79 6.00 3.00
19| NDBG - 104 52.33| 61.66 4.00 0.36 3.48 9266 4.00 5@ 26.56 0.57 2.64 3.33 4.66
20| NDBG - 129 48.00| 58.66 4.33 0.46 3.66 89.66 2.66 .6@p 22.76 0.82 3.72 6.66 6.33




21|F-S-10 52.33] 61.00 8.00 0.7R 3.8¢ 92|00 4.33 .3323 16.96 0.48 2.85 4.33 3.00
22|F-S-1 45.66/ 55.00 4.66 0.39 4.33 86/33 3.33 6616.14.20 0.53 2.65 6.66 4.66
23| Narendra 41.33 | 53.00 5.33 0.60 3.66 82.33 6.00 31.634.33 0.85 2.69 4.00 7.33
Dharidhar
24| Thar Samriddhi  48.68 54.00 6.33 0.80 3.33 89|33 04.018.70| 30.76 0.64 2.62 4.00 6.33
25| Local Long Green| 45,33 | 56.33 7.00 0.66 5.66 86.66 6.66 33.268.96 0.70 2.64 8.66 9.04
26| AJBG - 4002 42.00 53.00 4.66 0.60 7.0G 82/00 6.667.033 24.40 0.55 491 5.33 6.66
27| ABGS — 99 57.00| 52.383 5.00 0.59 6.00 98.33 3.66 532p. 22.66 0.75 4.56 4.33 8.00
28| Shalimar 42.00 | 67.33 3.33 0.45 6.00 81.00 4.00 41.528.30 1.23 4.47 7.33 8.00
Improved

29| Pusa Naveen 4533 51.33 3.00 0.34 5.0 85.33 8.3%.402 25.33 2.01 6.77 7.00 7.33
30| DBG -5 48.00| 55.33 6.33 0.5( 3.58 89.00 4,33 25.581.03 1.45 3.39 6.00 5.00
31| JBOGL -03 -1 44.00 | 59.000 5.00 0.67 3.79 85.66 5.33 34.730.26 0.85 2.97 6.33 3.66
32| Punjab Round 43.33 55.00 6.00 0.66 6.0( 82.33 2/330.53| 29.06 0.64 3.61 8.00 5.33
33| Guttka 49.66 | 53.0( 3.33 0.53 3.66 79.00 500 24.137.96 0.49 3.70 4.66 7.0Q
34| PBOG - 89 44,00 52.33 4.33 0.60 3.33 84,33 4.66 5332.22.86 0.64 2.65 3.00 3.33
35/ DBG -6 45.00| 59.33 4.66 0.5§ 3.66 85.66 2.33 23.080.16 0.49 2.69 2.66 6.66
36| AJBG -9 45.66| 55.00 3.78 0.43 6.00 87.33 3.833 0@PR. 25.76 0.39 2.69 8.66 8.00
37| AJBG-99-1| 46.66/] 56.66 4.33 0.56 6.66 87|66 2.339.50| 19.56 0.82 2.66 8.66 4.00
38| Bhagirathi 55.00| 63.33 4.66 0.46 3.79 94.66 2.66 .439 15.46 0.75 2.67 6.33 5.66
39| VRBG -2 43.66 | 55.00 4.66 0.46 4.00 84.00 2.33 @9.619.86 1.18 4.76 2.33 4.00
40| PBOG — 92 49.33| 58.33 5.00 0.7y 4.00 8933 4833 2335.28.63 0.71 2.64 7.00 7.66
41| JBG - 50 46.66| 56.66 6.33 0.78 3.94 8766 3.00 2R.27.06 0.49 2.69 5.66 4.33
42| DARL - 28 48.66 | 58.00 3.66 0.93 3.68 88.33 6.33 5@2. 22.60 0.67 4.82 7.00 7.00

Mean 47.38 | 57.29 5.44 0.65 3.86 87.52 4.03 28.84.20 0.78 2.61 6.19 6.34

S.E.D+ 0.46 0.49 1.18 0.13 0.78 2.51 0.87 3|75 3.12 0.16 0.30 1.06 0.96
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