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INTRODUCTION



IITRODUCTIONR

Bitter gourd (Momordioa charantia L,) is one
of the important cucurbiteceous wvegetables grown
extensively throughout India for its bitter fruits.
It is believed to have originated 4n the tronical
regions of the 0ld World and is widely distributed
in India, China, Malaysia and Tropical ‘frica. The
importance of this ve etable has long been well
recognised due to its high nutritive wvalues and

preocicus medicinal proparties,

Bitter gourd rankes first among the cucurbits
with regard to the nutritive wvalues of fruits and can
very well be compared with any other vegetable, The
large and small fruited wvarieties contain 4,2 g and
9.8 g of carbohydrates, 1.6 g and 2.1 g of protein,
88 mg and 96 mg of vitamin C, 210 I.7. of vitamin A
each, and 1,8 mg and 9.4 mg of {ron, respectively in
100 g of edible portion of fruits (Choudhury, 1967).
Although the fruits are bitter, they are whclesome
and are esteemed as a vegetable when tender., They
are consumed i1 varisus preparations like pickles,

curries, friss, etc.



“he fruits are reported to have some medicinal
properties also. They are used as tonic, stomachic,
stimulant, laxative and alterative and have long been
used as a folk rsmedy for ciabetes mellitus(liadkarni,
1927). The fruits contain two alkaloids, one of them
baing 'momordicine’ and the bitter prindipleu are
differant from ‘'cuourbitacines' which occur in other

genera of cucurbitaceas (Anon., 1962).

In spits of the economic importance of this
vezetable in India, the availability of high yielding,
superior qu:lity varieties is limited, which
necegsitutes a need-based crop improvement programme,
Again, there is an imperative need of developing
varieties suited to the agroe-climatic conditi~-ne of
Kerala., ‘ence, the present investigations vere
undertaken, utilising the high amount of diversity
noticed among the bitter gourd tyves in Kerala, which
have been collected and maintained in the College of
Jorticulture, Kerala Agricultural Universit:-,
Vellaniikara,.

Selection is an intrineic part of all crop

improvement programmes and is as old as cultivatior



itself. ¥For effective selection, information on the
extent o genetic veriability present in a breeding
population is essentiel in order to identify superior
senotypes for different characters, In sclecting a
plant or a type, one should he reasonably sure that
there is a good chance of the superiority of the
selection being inherited by the progenies. This is
due to the fact that a sizeable part of the phenotycic
variation is cazsed by environmental factors.
{(onfidence in this line coul! bé had orly if there is
soue means of evaluating the yphenotyviyic expression of
different charactere in terms of their genot;pic worth,
It 18 in this direction that the biometricnl methods
applied to crop improvement progrannes have vlayed a
dominant role, 'ow, it is possible to partition the
total variapility into heritable and non-heritanle
couponents with the nid of suitatle geneitic parameters
such a8 genotynic coefficient of variation, heritability
and genetic advance which servs as the hasis for

selection.

The devnlopmant of biometrical genetics has
also revealed that, most of the economical characters

are being controlled by polygenes, Yield in bitter gourd,



aa in other crops, is a polygenic charaoter which
depends on a number of fitness characters ( .rivastava

and Srivastavz, 1976) and, therefore, direct selsction
for yield is often misleading and inmarprorriate. Tor

rational improvement of yield and its coamponents,
association of component characters with yield and
among the components themeelves should be found out

by estimating the correlation coefficients,

‘he correlation coef{ficients between important
and non-inmportant characters may also reveal that some
of the latter are useful as inlicators of one or nore
of the former, 4Also, the correlations betweren
morphological and bicchemical characters will be

us=ful in visusl selection for biochemicel traits,

Association of characters det . rmined by
correlation coefficients, althouigh useful, will not
provide an exact picture of the rolative importance
of direct and indirect influence of e:ch of tne
characters towards yield, This is attributed to the
interdependence of contributory characters vhich is
often found affecting their direct irnfluence on yield,
The path cocfficient <nalysis suggested by ~rizht (1921}
and 7irst adapted in plants by Dewey snd Tu (19°9) has



been employed in many vegetablee in order to overcome
the unreliability of correlation coefficients. This
technigue is a study of cause and effect relationship
vhich involves effective partitioning the correlaiion
coefficients into measures of direct and indirect

effects on yield,

For selecting the high yielding genotypes based
on the phenotypic rerformance, a selection index is
désirable. In order to formulate a selection index,
multiple regression analysis suggested by Goulden
(1957) has been used in many crops, '“ith the regression
function thus fitted, 4t 48 possible to ascartain the
extent of contribution of each character in a group and

also to pradict the yield possible by utilising the

function.

Infomation on the genetic variability,
association analysias, path coefficient analysis a~d
multiple regression analysis is inadequate in bitter
gourd. ilence, the evaluation of availanle germplasm
in this régard i8 highly necess:ry and the present
investigatiions were undertaken taking into consideration,

the following objectives.
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111)

iv)

)

To identify genotypes which are suparior for
yield and other economic characters by the

analysis of variance techniiue.

To find out the extent of genetic variability
available for different characters by estimating
genotypic coefficient of variation, heritability

and genetic adwance,

To study the association between yield and its
conponents and also among themselves by estimating

rhenotypic, geriotypic and environmental correlation

coaefficients,

"o determine the direct and iniirect effects of
each component on fruit yield by utilising path

coefficient analysis,

To formulate & reliable selection inde<x by the

multiple regression analysis,
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REVISW OF LITERADURE

In this review, an attempt is made to outline
the important works carried out on the biometrical
aspects of yield and yield components in various
vegetables, which would substantiate the present
study. The awvailable litersture is reviewed under
the following headings:

1. Variability studies

2. Correlation studies

%e inth coefficient analysis

4, Selection index

Yany have studied the extent of variability in
various crops by estimating the penetic parameters
like phenotyric coefficient of wariation, genotypic
coefficient of variation, heritability, genetic advance

and genetic gain.

Thakur and Yandpuri (1974) carried out
variability studies in watermelon and they reported
that the highest estimates of genotypic coefficient
of variation and expected genetic advance were
exhibited by number of seeds per kg of fruit weight
while the lowest values for these parameters were

shown by days to first picking. ileritabilits wes



maximum for 100-geed weight (84,97 per cent) and
wvas minimum for branches per plant (25.59 per cent).

Miller and uisenberry (1976) reported that
genetic variance was prima-ily additive for earl:
flowering in cucumber, ‘'lowever, partial dominance
for early flowzaring and lov nodal position of the
first femile flower was also noted, They have stated
that, days to opening of the first femnle flower was
controlled by relatively few genes and heritability
for this trait was mod-rately higzh, Singh et al.
(1976) found that the additive component of variance
was high Tor days for opening of the first female
flower, maturity, fruit number per vine and total
soluble solids, whereas domin«unce was evident for
fruit weight, flesh thickness and total yield in

musikmelon,

Srivastuve and Srivastava (1976) obtained the
higheat pgenotypic coefficient of wvariation (37.4%5),
heritability €99.31 per cent) and genetic zain(71.73
per cent) for number of fruits per plant and lovest
genoty;ic coeificiont of wvariation (11.47),
heritability (49.93 per cent) and genetic gain (16,73
per cent. for numbesr of mdle flowers per plant in ten

lines of bitter gourd. :igh heritability in



conjunction with high genetic gain was also observed

in veight of fruit, yield per plant and length of

fruit which might be attributed to the aotion of
additive genes, Characters such as number of latsral
branches per plant, number of female flowers per plant
and days taken to apear first female flower, which
showed high values of heritability, but very lovw vealues
of genetic gain, might be attributed to the non-additive
gene effects.

Thakar snd Choudhury (1977) estimeted the
genetic variability 4in ridge gourd and they obtained
high estimates of h:=ritability 4n girth of Zruit,
length of fruit znd number of fruites per plant., +the
latter two char:cters were also reported to have high

expected geneitdic gain estimates,

Srivastava and Sachan (1973) stated that the
genotypic and environmental coeffiolents of wvariation
were the highest for number of fruits per bunch and
lowest for peduncle length in tomato, s8road sense
heritability was highest for total soluble solids,

Bat heritability and expected genetic adviance were
reported to be high 4in weight per fruit, Frarthasarathy
gt al. (1976) have observed a wide'rangp of wariability
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for all characters studied in tomato., They estimated
high heritability for all characters except stem girth
and the highest value was recorded in eige of fruit
(97.69 per eenf). Fxpected genetic advance was low
for yleld and number of primsry branches, while it vas
maximum for average fruit weight (124.339. ‘lowever,
the genetic gein was found to be quite high in yleld,
sige of fruit and average fruit weight. ©O&ingh gt al.
(1977) etated tnat the heritability aml genetic advance
were relatively nigh for yield per plant, fruit width
and number of locules per fruit in tomato.

i wide range of phenotyric variability for
yield per plamt, fruit length and plant height wae
observed among the 45 varieties of brinjnl studied by
Kehrotra and Dixit (1973). They also obtained high
estimates 07 horitability amd geneitic adwvarnce as
percentage of mean for nuwber of bransches per plant,
plint height nnd bottom girth of fruit., Srivastava
and Gachan (1973) reported that, the varinbility wae
marximum for fruits per rlant and minimum for days to
fruiting among the 25 varieties of brinjal tested,
Genotypic coefficient of wvariation was reportsd to be

highest for fruits per plant (77.39), while it was
lowest for branches per plant (5.88). Fruits per



plant also had high heritability (98,24 per cent) anmd
high genetic gain (73.35 per cent). Daya to 7irst
picking was reported to have the lowest heritability
of 52.24 per cent. Singh et al. (1974) reported that
the genot:pic coefficient of variation and senetic
gain were high for fruit weight, fruit length and ylels
per plant in brinjal. They aleo observed hirh
heritability estimetes for all characters except in
fruit weipght (7.59 per cent)., Days to flower, number
oY primary branches, plant height and number of
secondary branches had low genetic gain coupled with
high heritnbility which was suggested to be due to
non-additive gene effects, The results obtained by
KWishra and Hoy (1976) in brinjal had indicated that
the wgenotypic coefficient of variation was high for
average weight of fruit (42,21), number of fruits per
plant (38.,29) and yield per plant (27.57, which was
supported by relatively higher heritability wvalues for
these traits, They also obtained the highest genstic
aivance as percentiage of mean for yield per plant

(98.5 per cent).

In a collection of 12 variecties of chilli,

Hapanujam srd ‘hirumalachar (1967) made estimates of
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various genctic parameters. A considerable degree

of phenotyric as well as genot;pic variability was
observed for placental content, amount of capsaicin
and percentage of capsaicin in whole dry fruit,
indicating polygenic nature of inheritance, These
characters were also repo:rted to exhibit high
heritability exceeding 90 per cent. 3Both dry and

wet yield had low heritability value, which was
sxplained to be dus to the influence of environment,
The variability studies carried out in chilli by
Handpuri gt al. (1971) have shown high heritability
for days to flowering, fruit number, days to maturity
and single plant yield. MNaxisum genetic advance was
estimated 4in the case of number 0f fruite per plent
followed by number of branches, yield and plant
height and thsy have concluied that high heritability
need ot be associated with high genetic gain.

#irti Singh gt al. (1972) reported that the
20 etrains of chilli, they svaluated iiffered
significantly for ton charactera, They obtained
high phenotypic and genotypic coefficients of wariation
in primary and tertiary branches, fruit number, sige,
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fresh weight and yleld, Fruit sige aleoc exhibited
nigh expected genetic advance and maximum heritabdility,

liany other workers have studied the extent of
variability 4in chillies and reported contrasting
results, Arya and Saint (1976 observed high
neritability and low genetic gain in the case oY fruit
yield per plant. BSut fruit yleld had high genetic gain
according to the reports of iwasthi et al. (1976), Arya
and Saini (1977 a), ‘rya and Saini (1977 b} and Hiremath
ard sathapati (1977)., Fruit length was also obscrved
to have low horitability by Hiremath an! Mathapati
(1977). However, 'amalingam and Murugarsjeniran (1977)
have reported tnat the fruit length had high
heritability as well as high geretic gain, ther
characters wnich exhibited parallelism in the high
astimates of heri:ability and genetic advance were
number of fruits per plant, number of branches per plant,
wedgnt of fruit, siza of fruit, rind thiciness and
number of secds per rrait (Arya and ‘aini, 1977 b3
idremath and lmthaputi, 1977; and lemalingam and

Maruagarajendran, 1977 .

“irtl Gingh gt al. (1974) made estimates - f
various genetic parameters in a collection of %0 strains
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of bhindi. Thenotypic and genotypic coefficiente of
variation shovwed the maximum values for diameter of
fruit, while heritability was maximum in vitamin C
content. Yield exhibited low walue of 33,06 per cent
for heritability. Genetic gain was highest for fruit
diameter, followed by crude fibre content, total
sugars, vitamin C content of fruit and marketable

frait yield per plant. Variability studies carried

out vy diffcrent workers have shown that days to flower
in bhindi had high horitability in the broad sense

(Lal et al., 1977 and _mo g% al., 1977). Lal et al.
{1977) also reported that the fruit length ard fruit
thickness had high heritability, but the genstic gain
was highesat for number of branches per plint., Yield
vwas observed to hsve the lowest genotypic coefficient
of wariation and heritnbility. In contrast to this,
«a0 gf ale (1977) suggested that the yield per plant
had the highest values of heri-ability snd genetic gain.

In cowpea, Singh and ‘ehndiratta (1959) found
that the number of pods per ilant had the highest
genotypic coefficient of variation (52,52 per cent)
whereas . the heritability estimate showed high values
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for 100-seed weight (95.89 per cent), days to
flowering (8,79 per cent), pod length (B80.45 per cent)
and days to maturity (78.29 per cent). Expscted
genetic advance was appreciable for number of branches,
100-grain vweiht, pod numdber, pod length and yield,
Borida gt al. (1973), while working with cowpea,
reported that the 1C0-seed weight exhibited the highest

heritability followed by number of days to flowering
and pod lengthe They also observed the highest
genotypic coefficient of variation and genetic adwvance

with pod number ;er "lant. Lakehmi snd Goud (1977)
reported that the genotyric coefficient of wariation
was higher for plant height, grain yield, number of
pods per plant and 100=-grain weight. They also observed
nigh heritaoility ac-omranied by high genetic advnnce

as percentage of mean in the case of plant height,
100-seed weixht and lengzth of pod, ‘'lumber of pods

per plant and grain yield per plant were also reported
to have comparatively low heritability and high genetie

advance as percentage of mean,

eth et ale (1972) found high genotypic
goefficicnt of wvuriation for awersge pod length and
green pod yield per plant in french bean, Number of
primary branches and green pod yinld per plant had high



LU

heritability and high genetic gain estimate showing
additive gene offect, while average pod length had
high heritability and low genetic advance showing
non-additive gene effect. Pande g% al. (1975) found
that 4n french bean, plant height, secondary branches
and pod weight had high genetic variability, but the
genetic advance was siseatle for plant heignt (32,76
per cent), secondary branches (29.7° per cent’} and pod
yield (26,27 per cent). Sharma gt gl. (1977) have
revealed that genetic gain was low for days taken to

flowering and days taken to first picking,

Sanghi et al. (1964) estimated genotypic and
phenotypic variability in cluster bean and observed
high values of genotypic coefficient of variation for
plant height, number of branches, 100-sead weight and
reaction to blight. High heritability combined with
high genetic advance was also shown by plant height,
branches per plant, vod length, number of seeds per
pod, 100-seed wei, ht and reaction to blight, whereas
yield and number of pods per plant shovwed low
heritability. Sohoo gt al. (1971) obtained high values
of genotyplic coefficient of variation, heritability and

expected genetic advance in branches per plant, pods
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psr plant and pl=unt height in cluster bean, Tikka

gt al. (1974) studied the extent of variation in a
collection of 30 cluster bean varieties and observed

a good amount of genetic variability in pods per plant,
4«rain yleld md days to flower, Tripathi and lal (1375
have revealed that hi:h walues of variance components
and coefficients of variation were associated with
clusters per plant, pod length, pod width and yield vper
plant in cluster beane All charscters were found to be

highly heritable, the heritability ranging from 48,9
ver ¢=nt for number of sceds per pod to 98,3 per econt

for pod lengthe Fod lemgth, pod width ard yield rer

plont also had hign estimutes of genetic advince.

Joanson gt al. (1955 a) estimated genetic and
environmental variability «xisting 4n 74 and r§
€en- ations of soyvean and they concluded shat the
heritablility estinates along with the geretic gain
would be usually more useful than heritability wvmlues
alone, in predictin. the resultant effects of selecting
the best individuals. “‘nend and Torrie (1963) rerorted
that in soybsa~, heritability estimuates were low for
seed yield, rods per plant and saeds per pod ard were
high for 100-ssed weight, lodging, hedight, flowering,

fruiting and maturitye. According to “hurana and
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Sadhu (1972), high values of genotypic coefficient of
variation, heritability and expected genetic alvance
have been found ass~ciatad with branches per plant,
pods per rlant amd plant height in aoybea.n.' ¥alhotrn
(1973) obtained the highest genotypic coefficient of
variation and genetic gain for number of pods per plant
and seed yield, but the heriizbility was maximun for
nusber of seeds per pod in soybean, Yadav gt al. (1974)
reported that the thenotyric and genotypic variances
were higzn for plant heignt, branch lenpgth and fodder
yield, moderate for branch number, stem girth and days
taken to flower and low for node number, in soybean,
‘iigh estimates of herdtability along with those for
genetic advance as percentage of mean were also observed
in branch length and leaf erea, while those for days

- taken to flower, node number and plant heiyht vere

moderate to hig;n.

Teehan gt al. (1949) suggested that the droad
sense heritability mid expected genetic advance were
high for cnaracters sich as pods per node, length of
pod, girth of nod and waipht per pod in garden pea,

The genetic xzain for .ield per plant was also mod rate,



19

Srivastava et al. (1972) estimated high heritability
values for days to flowvering (B84.48 per cent), pod
length (73,29 per cent) and pod width (65.70 per cent)
in peas, but the genetic advance was highest for
number of pods per plant (2%.61 per cent), Srivastava
and Sachan (1974} saggested that pods per plant in
peas, showed the maximum genotyvric coefficient of
variation whereas high heritability in conjunction
with high genetic advarnce as percentage of mean vas
noted in the case of branches per plant and grains per
pode. The investigations by 3Jaini gf al. (1975) have
revealed that & good amount of phenotypic and genoty:ic
variability was present for all characters, maximuu
being in yield per plant and minimum for number of nods
per axil. Yield per plant an? grain weight of ifteen
pods also exhibited nigh heritability estimates in
conjunction with high penetic advance. Tikka and ‘sawa
(1977) suggested that the genotypic coefficient of
variation and heritability were hish for plant heignt,
pxis per plant and seed yleld in peas,

Katiyar gt al. (1974) while estimating the
various genetic parapetsrs in mustard, stated that

yield per plant, days to "irst flower and plant height



had high genotypic coefficient of wvariation and
expected genetic advance., Heritability values were
found high for yield par plant, days to flower avd
nuzber of primary branches, moderate for days from
flowzring to aaturity, but low for the number of

secondary branches,

2, LuitlolATI B wlJDisd

Informetion on the association of rplant
characters to ultimate yield and also on the

intercorrelations is available in many vegatables,

Carlsson (1962) reported that length of fruit
was positively correlated with the average weight of
Truit in cucumber, wong-fruited varieties werse

generally observed to have a poorer frult set than
those with short fruits. lolokojedova (1962) stated

that the correlations hetwsen frait yield (welght and
nurber) and the prorortion of marketable fruits were
positive ard signiiicean. in cucumber, Hamalao (197%)
obeserved th:ut the number of pistillate flowers was
positively correlated chenotypically and genotypically
with fruit number, but negatively with fr:it weight,

langth and friuit set in cucamber., The occurance of

pistiliate flowere on the main stem was also found
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to be negatively correlated ith number of fruits,
fruit wsizsht, fruit length and total fruit yiel,

Thamburaj (1973) reported that the number o?f
seeds per sod, pod weight and pod length were
significantly and positiwvsly correlated with yield
per plant 4in ridge gourd,

Srivastava and  rivastava (1976) stated that
the genotypic correlation ccefficients were higher
than phenotyric correlaiion coefficients amons different
pairs of charmcters in bitter gourd., Yield per rlant
was found to be jositively associated with number of
femele flow-ra (rs = 0,8684), number of fruits
(rg = 0,8611) and number of lateral branches (r6 =
0e5873). Number of female flowers ani nunber of
lateral branciies were also found to exhibit positive
nssociation with number of fruits per plant. They also
reported that the days to first female flowser showed
negative correlations with number of fruits per plant
and number o7 femele flowers per plant, but positive

correlation with veight of fruit., Weight of fruit had

negrtive genotypic sssociation with number of fruits

per plant.
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Kal yanasundaram (1976) obtained significant
positive correlations of fruit weight and Jdameter,
size and flesh thickness in muskmelon. Total soluble
s80lids was reported to have negative correlations with

frult wei;ht and number of seeds per fruit,

The correlation studies by Grivastava ard
Sachan (1373) 4in tomato nad shown that number of
fruits per plant was correlated with yleld per plant,
Barooah and kohan (1976) obtained significant nemmtive
association between fruit size and ascorbic acid
content in tomato (~C.22), Verma gt al. (1976)
reported that tolal soluble solids had negative
association with fruit size index (=0,296) anrd rositive
association with number of fruite per plant (0.562).
34ngh and Hital (1976 astablishad that the fruit
weight, looule number and fruit zirth were the im ortant
char:cters in increasing the yield in tomato, They
also found that smaller and late “Yruits contained more
totnal soluble solides than lerge and early fruits.
tositive associntion was also observed between fruit
length and fruit girthe ‘andpuri et al., (1976) and
Singh gt al. (1977) found positive assooiation betwsen
yield per plant amd nucsber of fruite per plant in tomato.



23

Bandpuri et al. (1976) also reported that the yield
per plant was negatively correlated with average
fruit eize and plant height., Plant height was also
found negatively associated with number of fruits
per plant,

Baha--ldin et gl. (1968) reported that the
enrly flowering habit had positive association with
high ylelding ability, high number of fruits per
plant and long fruit shape in brinjal, Nsowah (1370)
stud ied the association of charncters in brinjal and
found significant association among days to floral
initiation, days to flower opening and days to
maturity. Fruit number had negative correlation
with averaze weight of first matured frauit, but

positive correlation with total fruit ejight,

Yield 4in chilli has been shown to be positively
correlated with number, length, width and 100-seed
veight of barries by Singh and Singh (1970),.

According to Kirti Singh et al. (1972) yield per

plant had positive association with plant height,
nunmber of branches, fruit number and fruit weight
in chilli. Fruit mamber in turn was found to have
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positive association with fruit weight, branch
number, plant heignt am days to flowering., A‘rys
and Saini (1976) revealed that fruit size
contributed to a greater extent, tovards fruit
yield in chilli. They also found that the days

to flower, capsaicin content and number of branches
were dependent characters, iHiremath and Hathapati
(1977) established that yileld in chilli was
positively associsted with number of branches,
They also obscrved negative correlations betwcen
number of fruits per plant and length of fruit and

between number of branches and seeds per fruit,

Association analysis in bhindi b Kirti Singh
st al. (1374) revealed that yield had negyative
correlation with days to flowering (rp = 71,3704,

T, " 0.3714)., They also obtained positive
correlations bhetween yield per plant and flower
number, nugber of branches, plant haight and fruit
number per plant both at phenotypic and genotypic
levels, Fruit number was also found to exhibit
positive association with number of flowers, plent

heignt and number of branches, Urivastava anml
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Sachan (1975%) obtained significant positive
agsociation between branches rer plant and namber
of fruits and between plant height and length of
fruit. Yield per plant was strongly and positively
correlated with number of fruits per plant and
nunber of branches per plant according to the
reports of Srivastava and Sachan (1975), and Roy
and Chhonkar (1976).

In oowpea, grain yield has been reported to
exhibit significant positive association with number
of pods per plant (Singh and liehndiratta, 1959;
Doka, 13703 and Borida et al., 1973). Grain yield
vas also positively correlated with pod length and
number of seeds per pod acoording to the reports of
Jorida g% al. (1973), Humar et sl. (1976 found
that the pod yield in cowpea was positively
aseociated with branches per plant (0.%61), pods
per plant (0.844), pod length (0.532), thickness
of pod (0.576), days to flowering (0.613) and days
taken to maturity (0.518),

The correlation coefficients worked out in

french bean by rands et al. (1975) have revealed
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that the pod yield was strongly and positively
correlated with plant height, primery branches,

pod weignht, pod length and pods per plant amd it
vas negatively correlated with days to flower,
Sharma st al. (1977) concluded that vegetable yield
and earliness in french bean were mainly contributed
by number of nodes besring pod, plant height and

nuzber of branches per plant,

Inveatigations in cluster bean by many
vworxers have shown that yield per plant was highly
and positively correlsated with pods per rplant,
clusters per plant, branches per plant and pod
length. (Sanghi and Sharma, 19643 Solanki et el,,
19753 and 7"ikka, 1975). Fod number was also found
to be correlated with pod length by Tikka (1975).

Johnson et al. (1955 b) attempted to correlate
the different characters in soybean and they concluded
that selection for a lony fruiting period, lateness,
resisiance to lodging and snattering, lowv protein
and high oil content would be effective in increasing
the yield in soybean. Anand nnd Torrie (1963) worked
out significant and positive genotypic correlations
between yield snd number of pods per plant, and se«cs
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per pod in soybeamn. Tang (1963), after a critical
study of the characters, stated that plant height,
node number, branch number and pod number vere
found correlated with seed yleld., Several others
had established that the yield in soybean hed
positive correlation with number of pods per plant,
plant height and number of branches and among
themselves (’aw and Menon, 19723 XKhurena and Sadhu,
19723 Singh and Singh, 1974; Srivastava et 8l., 19763
and Choudhury et 8l., 1977). Yield was also found
positively correlated with days to flowering by
Singh and Singh (1974), Srivastava et al. (1976)
and Choudhury gt al. (1977),

Association analysis of peas by HKumar et al.
(1965) revealed that the correlation coefficient
betwveen yield and number of branches and between
length of pod anmd weight of pod were positive and
significant, Teehan et al. (1969) suggested that
pod ylield in pea was highly and positively correlated
with girth of pod (0.745), weight of pod (0.677) and
pods per plant (0.625). Singh and Singh (1970)

established that yield per plant had positive
correlation with branches per plant ard pods per
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plant in pea. They also estimated positive
correlation coefficicnts betwsen days to flowering
and days to maturity and between pod length and
@eeds per pod, Srivastawva g} al. (1975) and Tik:a
and Asawa (1977) have also shown that yield per
plant in pea had signirficant positive association
with length of pod and pods per plant,

Choudhuri (1967) carried out correlation
studies in mustard and reported that yield was highly
and positively correlated with number of pods rer
plant (0.f49) and number of primary branches (0,711),
"he environmental correlations between yield and the
yield contributing characters were alsc significant,
“hivahare gt al. (1975) stated that seed yield of
Indian mustard had & positive genotypic correlation
vith plant heignt (0.6710), number of primary
branches (0.5730) and days to flowsr (0.,4120),

3. PAZH CuiliPicl T AL LISIS

ecently sone investigators have employed path
coeficient analysis in certain vegetables, the

results of which are suamarised below:

Srivastava and Srivastave (1976) carried out
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path analysis in bitter gourd and reported that
nugber of femsle flowere per plant had the maximum
direct effect on yield followed by number of fruits
per plant and number of lateral branches per plant,
The indirect effects of other characters towards
yield were mainly through nuauber of lataral
branches, nuaber of female flowere and number of
fruits per plant, Humber of fruits per plant also
had high indirect contribution towards yield through
weight of fruit,

Nandpuri et al. (1976) analysed the path
values in tomato and observed that only the average
number of fruits per plant had high direct positive
effect and high indirect effect through plant height
on the fruit yield. The direct effect of plant
height and indirect effeet through number of fruits
per plant vere also nogative, Singh and Mital (1976)
reported that locule number, fruit girth, number of
primary branches and fruit weight in early pickings
had a high direct positive effect on yield in tomnto.
They also noticed negative direct ~ffects in the case
of fruit length, fruit shape index, number of fruits
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per plant and fruit weight towards early yields in

tomato.

In ohilli, Singh and Singh (1974) obtained
maxinum direct effect for number of branches., Days
to flower and days to maturity, in addition to their
direct effects, were found to influence the yield
through number of branches, Flant height and fruit
number had aleso influenced the yield mainly through
number of b anches per plant. Lee (1976) and Korla
and .astogi (1977) estimated the path coefficients
in chilli and reported that the number of fruits
per plant had high direot influence on yileld. Xorla
and Gastogl (1977) also revealed th:: the weight of
fruit, plant height and length of fruit had
appreciable direct effects., The indirect effects
of fruit length through number of fruits and plant
heigzht were found negntive.

Fath coefficient analysis by imo et al. (1977)
has shown that number of pods per plant excrted the
highest direct effect dn yisld in bhindi. They
obtained positive and low direct effects in the case
of plant height and number of secds per pod.



Shettar et al. (1975) employing the path
analyeis in french bean, suggested that the number
of pods per plant had high direct influence on
yield. The direct influence of pod length was
moderate, while the indirect effect of pod length
through pod number was low.

Fath coefficient analysis by Tikka (1975)
in cluster bean has shown that the positive
correlations of pod number and pod length on seed
yield were due to their indirect effects through
clusters per plant and grains per pod. In fact
the direct effect of pod length was negativ~,

Lal and Pazul Haque (1971) reported that
100-seed weight and number of pods per plant had
very lovw direct positiwve effect on seed yield in
soybean and all other characters except 10(-seed
weight had sufficiently high positive indirect
effects on seed yield through number of peods,
Sengupta and Xataria (1971) analysed the path
coefficients in soybean and found very emall direct
effects of pods per plant and clusters per plant
tovards yield. The high residual effect (0.%541) in
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their investigation was suggested to be due to
sampling error and many other characters which
were not taken into account. KXaw and ¥enon {1972),
after a oritical study of the path analysis in
soybean suggested that the number of pods and days
to maturity contributed the most, both directly
and indirectly towards yield per plant, Days to
50 per cent flowering had sizeable negntive effects
on yield both directly and indirectly.

Singh and Singh (1970) used path analyeis
in pea and reported that branch number, pods per
plant, seeds per pod and 100-seed weight were the
important yield contributors as indicated by the
dirsct and indirect effects, OSrivastava et al.
(1975) using the path analysis in pea suggested
that number of pods per plant, pod length and number
of geeds per pod could be effectively utilised in
selecting high ylelding genotypes, since they had
high direct effects. Tikim and Asawa (13975)
pointed out that maximum weightage should be given
to seed size and pods per plant, while making
selection for yield in peas, as shown by the path

coefficienta,
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The maltiple regression analysis has been
used in many wvegetables for formulating the
selection index, The results are revieved below
briefly.

Hazel and Lush (1942) has suggested that
an index of selection which gzives proper weight to
each trait is more efficient than selection for
one trait at a time,

Thasburaj (1373) carried out multiple
regression analysis in ridge gourd and rerorted
that pod weight and number of seeds per pod had a
significant effect on yield per plant,

In tomsto, N¥andpuri et al. (1976) have
revealed that the number of fruits per plant, days
taken to maturity and plant height measured 48,80
per cent of the total variation in yield. An index
including the average fruit size in addition to the
above components was found to increase the efficiency

to 51,2 per cent.

lee (1976) stated that plant height, diameter
of stem, number of fruits per plant and fruit weight



J4

"
were the important characters for yield prediction
in chilli.

Kirti 8ingh et al. (1974) attempted to
predict the yleld in bhindi axd found that it was
prinarily dependent on weight of fruit, number of
fruits per plant and number of femanle flowers per
Plant. The estimate of coefficient of determination
was 0.,83. FRoy and Chhonkar (1976) stated that the
number of fruits per plant and branches per plant
had significant contribution towarde yield in
bhindi{ and the prediction power of the regresaion
equation was 87,10 rer ocent of fruit yleld,

Kumar et al. (1976) analysed the regression
values in cowrea and showed that the clusters per
plant, pods per plant and 100-eced weight were the
important characters in determining the pod yield.

Pande gt 8l. (1975) have revealed that the
yield in french bean was primarily dependent on
plant height, days %o flower, primary dbranches, pod
length and pods per plant. The estimate of
coefficient of determination was 0.741, indicating
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that sbout 74 per ocent of total wvariability in
yield could be accounted for, if selection was
based on these charncters,

Sanghi and Sharma (1964) suggested that
about 64 per cent of the variability in yield of
cluster bean was observed to be due to clusters
per plant, pods per plant and 100-sesd weight while
90 per cent of the wariability in yield was
acoounted for, by the variables such as clusters

per plant, pods per plant and branches per plant.

Anerd and Torrie (1963) reported that the
number of pods per plamt and seeds per pod were
more important than seed weight for predicting
the yield in soybean. Choudhury et al. (1977) with
a study of multinle regression analyasis, suggeated
that nurber ol pods per plant and test weipght were
the predictors of yield in soybean and the
prediction power of the equation was T4.5 per cent
of the observed yield,



MATERIALS AND METHODS
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MATERIALS ANWD METHODS

A field experiment for the analysis of genetic
variability, correlation studies ard prath coefficient
analysis in bitter gourd (Nomoxdica gharantia L.) wvas
conducted during 1977-78 (Octoder~ ebruary). The trial
vas conducted in the fields of the Instructional Farm
of the College of Horticulture, Kerala Agricultural
University, Vellanikkara,

MATLHTALS

Twenty five diverse bitter gourd types, collected
from different parts of the Kerala State (Cannanore,
¢alicut and Trichur) and maintained in the lepartment
of Olericulture, College of Horticulture, Vellaniikars
vere used for the s.udy. These types had been selected
based on the visual morphological characters of fruit
given in Table 1,

1. lay out of experiment
The experiment was laid out in randomised block

design with three replications. *ach replication consisted
of twent; five plots, one for each bitter gourd type and
the nunber of plants per plot was three, To enable accurate
individual observations, a spacing of 3 K between rows and
2.5 K between plants was given,
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broad

Table 1, Morphological fruit characters of different
bitter gourd types

Type Colour Length Girth in the
B.G.1 g§°:§; :ight green yedium long Broad
BueG.2 Whitish green Medium long Broad
B,G.3 hite Kedium long Narrow
Belied Yhite ¥edium long Broad
BeGeb “hitish green Med ium long Narrow
B.Geb Whitish green Long Broad
BeGoe?7 Dark gree:n. Medium long Broad
BeGoR White Hedium long Broad
3.Ge9 Whitish green Short Broad
B.G,10 White Medium long Narrow
BeGe11 Whitish green Very short froad
B.G.12 g;::nsizegﬁoltggt ¥edium long SArrow
B.G.13 Dark green Short Narrow
B.Go14  White Short Yarrow
BeG.15 VYhitish green Long Narrow
BeG.16 Vhite Meitium long Narrow
HeGe17  Green Medium long Narrow
B.G.18 White Medium long Broed
B.G+19 Whitish green ¥edium long Broad
BeG,20 Green Long Broed
BeGe21 gio:g; tight green 1., Broad
BeGo22 Green Medium long Narrow
B.Ge23 Green Very long Broad
B.G.24 White Med4ium long Rroad
BeGe25 hite Long Yarrow in the

middle and
at the tip.

(Continued)
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Type Spines Pidgee

B.Go.1 Present, not prominent Fresent, discontinuous
B.G.2 sbasent Present, discontinuous
B.Ge3 Yresent, prominent Absent

B.G.4 ¥resent, highly prominent Absent

BeGab Absent Present, continuous
DeGob Absent Present, discontinuous
BeGo7 Tresent, prominent Abssnt

B.G.8 ¥Yresent, not prominent Absent

B.G.9 Fresent, prominent Absent

BeGo10 Fresent, prominent Absent

B.G.11 TIresent, prominent Absent

BeGe12 Prezent, not prominent Absent

B.G.13 Present, not prominent Absent

B.C.14 Iresent, not prominent Abesent

B.Ge15 Fresent, not prominent Present, discontinuous
B.G.16 ibsent Yresent , discontinuous
B.G.17 Present, not prowinent Absent

B.G.18  Absent Present, discontinnous
B.G.19 Fresent, prominent Absent

B.G.20 Absent Fresent, continuous
BeGe21 rYresent, not prominen: Tresent, discontinuous
B.G.22 Absent Present, continuoue
B,G+.23 Fresent, prominent Absent

BeGo24 Yresent, prominent Absent

BeG.25 Absent Fresent, continuous
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2. Field culture
The twenty five types vere selfed for two

generations when apparent homozygosity was achieved,

The seeds were than sown in prepared pits at the rate

of four seeds per pit on 22-10-1977, After germination,
only one seedling was retained per pit and the rest were

renoved.

Farm yard manure was basally applied at the rate
of ?4ive tonnes per hectare, Inorganic fertilizers were
applied at the rate of 56 kg N, 56 kg ¥ and 56 kg 5 per
hectare aa ammonium sulphate, superphosphate :nd marigte
of potash respectively, in three equal doses, one bhefore
sowing and later, at 15 days interwal after germination
a8 per the recommeniations of Dhesi g% 21.(19656). Pot
watering was practised on alternate days in the early
stages. when the vines startsd trzailing, basin irrigation
vas adopted on alternate days., The vines were trained
individually on pandals erected at a height of about 1,&5
metres, uring the cropping period proyhylatit:;g;::;;;
were takken as per the recommeniations. The harvest of the

crop was completed on 26«2-1973,

A part of the experimental f4:1d showing the method
0f training, i8 presented in Plate I. Information
regarding temperature, humidity and rainfall during the
period of crop growth is given in Appendix I.
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3. sarvati

Data were colleoted on the following twenty one
characters. intire population was considered for all
the characters except for floral charactsrs and biochemical
characters of fruit, in which case only the central plants
of each bitter gourd type in every replication were chosen,
iWiherever entire plante were taken into account, average
values vere calculated for each plot for the statistical

&n&ly‘i'o

3.1,

The number of branches developed from the main vine

was counted after the harvest of the crop.

3¢2. Jangth of maln vine
The total length of the mein vine was measured in

netres when once croppin; vwas completed,

The node at which the first femsale flower sppesred

was counted from the cotyleden node and reocoried,

3.4 liays for opening of the Xirat female flower
The nuzber of days taken by the first female flower
of all the plants to open from the date of sovwing was

racorded,



3¢5, Humbexr of female fLlowera per plant
7otal number of female flovers produced by each
vine was ocounted during the entire oropping period.

3.6. Zarcenuage of female Llowals

The number of male flovwers opened each day was
also recorded, After collecting the data, psrcentage of
female flowers over total number of flowers was worked

oute

3.7. Jays for picking maturiiy

Ten female flowers were tagged on the dateas of
their opening. After set, six fruites out of the tagged
ones were chosen for observation. The number of days
from the date of opening to the date of harvest was recorded
end the mean worked out for all the plants,

3.0 Jield per plant

Fruits were harvested as and when they matured, t-e
maturity for wegetsble purpose being judged by visuml
observation. Total weight of the fruits hervested from
each plant was calculated at the end of the :eriod and
yield recorded in kg per plant.

3.9. Humbex of fruits paer plant
The number of fruits harvested was counted and total

number of fruits produced by each plant was worked out.
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During harvest, six fruits were randomly selected

from each plant for recording the following measurements,

3.10. VYedgnt of Lrult
Heignt of the six fruits vere recorded in grame
and the mean weight worked out.

3.11. lLength of frult
Length was measured from the stalk end to the tip
in @ for the six fruits and averaged,

3.12. Girth of fruit
The girth in the middle portion of the fruit wvas

recorded in cm and averaged,

3.13. Lleah thickneas
By uaing a micrometer the flesh thickness 0 the
8ix fruits vas estimated after cutting =t the centre and

data recorded in wmm, ‘he mean was then wvorked out.

3.14. Humber of aceds per fruit
Total number of seeds contained in the eix fruits

was counted to et the mesan,

315, lAlQ-sead waight

Jeeds were extracted separately for each plant,
from ripe fruits, washed and dried uniformly, Hundred
bold seeds were selected and the weight recorded in grams,
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For estimating the following chemical constituents
of fruit, one fruit per plant was harvestel at random, on
the 18th day of flower opening (that is the time of
anttaining commeroial maturity) from the middle row of

each replication,

3.16. Zlo%al soluble solids
“he total soluble solids wvas estimatesd by using

Abbe vefractomater.

J3.17. Yitaagin G _coutent

Samples from the middle portion of fresh fruits
were used for the estimation of vitamin ¢ content. The
tissue was macerated in a pestle and mortnr adding 2 per
cent metaphosphoric acid-acetic acid stabilising extrscting
solution and vitamin C content was estimated volumetrically
by the 2, 6 - dichlororhenol-indophenol visual titration
method (AsUeAeUey 1950), The value was expressed in mg of
vitamin C per 100 g of fruit on . wet weipght basis,

J.18. lratein goatent

“he rest of the fruit, after being used for vitamin
d=termination, wae chopped into pieces and dried in an air-
oven at S0°C till constant weight was obtained. The whole

material was ground to pass through 8 (.5 mm mesh in a
viley mill,

Accurately O.1 g 0f the sample was weiprhed ard
nitrogen content was estimated by macrokjeldahl method.
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Protein content of the fruit was found out by multiplying
the value of nitrogen by 6.25 and the protein content

vas expressed in grams per 100 g of fruit on dry veight
basis (A.0.%.Coy 1960),

3.19. ZIhosphorus content

A suitable quantity of 1 g of ground sample was
digested in 13219 1~{GI()4:I‘[2£>‘0‘:HK()3 mixture and made upto
100 m1 with distilled water.

Phosphorus in a 10 ml aliquot of this extract
vas determined colorimetrically using the vanadomolybdo-
phosphoric yellow oolour method in nitric 2cid system
(Jackson, 1973).

3.20. Potasaium content
Fotassium in an aliquot of the triple acid extract
of the sample was determined using a flame photometer

(Jackson, 1973).

3.21. 1Iron content
Iron content in 15 ml aliquot of the triple sacid

extract of the sample was determined colorimetrically
using the O-phenanthroline red ferrous complex method
(Jackson, 1973).
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4. Statisticsl enalysis

Data on different characters studied were

subjected to statistical analysis,

The analysis of variance technique suggested
by Fisher (1954) was employed for the estimation of
various geretic parameters, The bitter gourd types
vere compared for different economic characters after
estimating the various critical differences. The
extent of association among characters, was measured
by correlation coefficients. FPath coefficient analysis
was used for estimating the direct and indirect
effects., Later, a prediction equation was fitted

by the multiple regression technique.

4.1,

Lstimates of variasnce components were made by
the following formulae as suggested by 3urton {(19%1),

Phenotypic variance (Vp) = Vg « Ve

where (vg)

Ve = “nvironmental
variance

Genoty:ic wariance

Genotypic variance (Vg) = VYT ; Vi
}
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vhere V) = Hean sum of squares
due to treataments

VE = Hean sum of sjuares
dus to error

N =« Number of replication

“nvironmental
varianoe (Vo) = V=
where V5 = Meoan sum of s:uares

due to error

The phenotypic and genotypic coefficients of

variaiion were calculated by the formulae suggested by
Burton and “evane (19:°3),

Fhenotypic coefficient
of variation (ICV) = /¥ x 100
X

vhere Vp « lhenotyric varisnce

X s Iean of the character
under study
ienotypic coefficient
of vardation (5.V) s VY T x 100

%

where Vg = Genotypic varisnce

=y
L

Hean of the character
under study



4 030 He ritabilit!
Heritability in the broad sense was estimated

by the following formula as suggested by -urton and
hevane (1953),
dJerdtability (H) = %x 100
4

vhere Vg = GJenotypic wvariance

Vp = Fhenotypic variance

4e4. Lxvocted gesetie advance

The expected genetic advance of the avallntle
germplasn was seasured by using the formuls supgested
by Lush (1949) and Johnson et al.(1955 a) at 5 per cent
selection intensity using the conatant ¥ as 2,06 given
by Allard (1960).

"xpected genetie
advance (Gs) = ¥g x X

v¥o
vhere Vg = Genoty;ic varisnce
Vp = henotyric variance
K = Gelection differential
4.5, Genetic gain (Genetic advance as percentage of
mean )

‘he method for the agsessment o genctic advn ceo



as percentage of mean suggested by Joonson et al.
(1955 a) was used,

Genetic gain (6G) = Gp x 10C
-

vhere Gs s ‘‘xpected ganetic
ad vance

X = Xean of the charucter
under study

4.6, Zhenotypice. genotyiia and environmental
serrelation coefficisnts

The phenotypic, gonotypic &nd environmental
covarianoes were vorked out in the anme way as the
variances were calculated. Mean product expectations
of the c:variance analyses are analogous to the mean
square expectsations of the analyses of variance. The
different covariance estimates were calculated by the
metnod suggeated by “isher (19%54),

ihenotyric covariance

between two ciaracters ,

1 and 2 (CQVp12) - C0V512 + (Ve

where (0Vgy, = Genotypric
covariance
between
characters
1 and 2
CQV012 » Envirormental
covariance

het-een
gharacters
1 and 2

48
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Genotyspic covariance
batweon two characters
1 and 2 (CGVF12) -

Ht1z - %ela
N

vhere Mt1? s Nean sum of product
” due to treatments
betwveen characters
Y and 2
ﬁa$? = Nean sum of product
' due to error hetween
characters 1 amd 2
1 = Number of rerlication
The phenotyrie, genotypic amd anvironmental
correlation coefficients amon the vurious char:cters
were worked out in all ppseible combinations according
to the formulse suggeeted by Johnson ¢t al. (1935 b}
and Al - Jibouri et al. (19%8),
ihenot,pic correlation

coefficient between two (rp1g) = VP45 y
characters 1 and 2 ‘/(VP1) (%’p"?”?

vwhere CGVp1? = Fhenotypic
covarianoe
between
char«acters
1 and 2

Vp1 = . henotyvic
variance of
charseter 1

sz = henotyric
variance of
casyricter 2
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Genotypic correlation o
coefficient between two (rs12) = COViyg

charzcters 1 ang 2 J'[Y"'T"(V—)'
84 &

where C&Vg12 = Genotyrlc
covariane
between
cnaracters
1 and 2

Vg, = Genoty:-1ic
variance of
charactar 1

V32 = (Genotypic
varisnce o°
character 2

cnvironmen tal correlation
coeffici~nt between two
caarzcters 1 and 2 (ra,z) - CQVQ12

vhere CoVo12 = nvironmental
crvariance
between
characters
1 amd 2

Vb1 s “nvironmentsl
variance of
charscter 1

Vaz = “mvironmental

varience of
character 2
4.7. Xath cosfficient znalysin
t'ath coefficients are standardised regression
coefficients. In path coefficient analysis the

correlstions among cause and effect are partitincned
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into direot nnd indirect effects of causal factors

on an effact factor. The principles and techniquere
suggested by ‘iright (1921) and Li (1955) for cause
and effect system were adopted for the analysis using
the formula given by Newey and ILu (19%9). The
characters having significant correlation with yield
at one per cent level were selected and accordingly
nuzber of primary branches per plant, length of main
vine, number of female flowers per plant, number of
fruits per plant, weizht of fruit and length of fruit

were considered for the uath coefficlent analysis,

4.8. Hultiple regresalon analyais

The characters having high direct contribution
towards yield as revealed from path cosfficient
analysis, were selected for the formulation of selection
index, Accordingly, lengtn of main vine (Xg). number
of fruits p=r plant (?9) and weight of frait (X,.) vere
taken into ac-ount. The partial regression coefficicnts
o7 these charncters with yield (Y) were worked out =nd
a8 multiple liniar regression function, ¥ = a + b1 X2 +
bz x9 + b, 110' was fitted according to the method
given by Goulden (1952),



RESULTS
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REGULTS

1 YALIABILITY SiULIES

0f the various parameters of guantitative
variability, mean, range and the wvariation around
the mean are the basic ones. The mean performances
of twentyfive bitter gourd types in respect of
yield and other juantitative characters are furnis-ad
in Table 2 and Fig. 1, 2 and 3. The analysis of
variance carried out for the twenty one characters
presented in Table 3 showed that the differsnces
among the twenty five types for all the charactere
were highly significant, The range, overall mean
and standard error for different characters are given
in Table 4, Table % contains the estimates of
phenotypic, genotypic and environmental variances,
In Table 6 and ig. 4 and 5, the phenotypic and
genotypic coefficients of wvariation, heritability,
expected genetic advance and genetic gain for the

different charncters are fumished.

1.1. HNumber of primary branches per plant

The mean number of primary branches among the

different bitter gourd types ranged from 18,00 to
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Table 2, Mean walues of twenty one quantitative characters in
different bitter gourd types (from 1 to §)
Node 2t
. pao:0%, Length of “MRISh the gf:;,?%'g?% romale
yPeS  mnches ?;:gr::?. female fcnalzs flovers
per plant a?,::::d £lower per plant
Y Z 3 ¥ 2
BeGel 25.00 4,81 17.00 35434 62.67
BeGe2 19,11 4,26 18,78 41,22 51.C0
B.Ge3 31.11 4.69 25,00 43.67 37.67
BeGod 26.44 4.59 16.11 38,56 3533
BeGeS 26.89 3493 23,22 45.00 50,00
B.Ge6 30.67 5400 21.11 37.22 51.00
BeGeT7 28,00 4,09 15.89 33.89 65,67
BeG.8 23,33 4,22 21,22 46 .89 48,67
B.G.9 25.11 5.06 ) 22.34 46.55 64,00
BeGe10 26422 4,60 18,56 39.56 60,00
BeGo11 24,55 2.92 18,11 41.45 38,67
BeG,12 22422 4,36 22,78 45,33 75467
BeGo13 26,11 4.64 20,22 41,00 82,33
BeGo14 27.44 4.42 18,56 39,22 36,67
BeGo15 32.78 519 25,11 4%,78 T1.67
B.G.16 30.67 4,37 17.78 38.11 B80.67
B.Go17 34.33 5e48 26.44 44,22 81,67
Be.G.18 30,00 5.26 25,22 48,44 61,00
B.G.19 22,67 4.13 14,11 46,00 38433
BeG.20 28.34 4.34 14,11 45.34 62,00
BeGo21 54.44 537 22,56 42,67 83,00
BeGo.22 18,00 4.37 20,00 45.89 41,00
BeGoe23 35.89 6.22 21.44 42.78 66.33
BeGo24 25.11 4.65 26,89 44,67 62.67
BeGe25 23,55 4,27 20,11 40,22 59.67
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35.890 with a general mean of 27,12, Among the

types studied, B.G. 23 recorded maximum number of
branches (35.89), whereas B.G. 22 had the minimum
number of branches (18.00) per plant. The
differences among the types were hignhly significant.
The eatimated phenotypic, genotypic and
environmental variances (Vp = 21,64, Vg = 20,81,

Ve = C,63) showed a predominant influence of genetic
component in relation to environmental effect for
this character. The yhenetypic and genotyric
coefficients of variation (PCV = 17,15 per cent,

GCV = 16,82 per cent) also confirmed that the major
part of variation was due to the genetic effects.
3road sense h-ritability was high (36.16 per cent)
and the genetic gain was fairly good (33.98 per cent).

1.2, Length of main vine

The length of main vine ranged from 2,92 to
6,22 metres with a general mean of 4,61 metres.
Maximum length of 6,22 metres was observed in the
type B.G, 23 followed by B.G. 17 (5.48 m), B.G. 21
(5637 m), BuGe 15 (5,19 m), while a minimum mean
length of 2.92 m was recorded for B.G. 11, The
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different varianoce estimates were comperatively
very low with larger genetic component than
environmental variance (Vp = 0,42, Vg = 0,39,

Ve = 0,03)., The phenotypic and genotypic coefficients
of variation were 14,07 per cent and 13.51 per cent
resrectively, which showed that a greater part of
variation was accounted by genetic causes.
Heritability estimate recorded a high value of 92,18
per cent. Iventnoush the expeoted genetic advance
exhibited a low wvalue of 1,23, the improvement
possible for the character was found to be 26.73

per cent,as iniicated by the estimate of genetic
gain,

The general mean of this character was 20.51,

even though the values ranged from 14.11 to 26.89
among the different types tested. The type B.G., 24
had maximum number of nodes (26.89), whereas the
types B.G. 19 and B.G., 20 recorded the minimum
number of nodes (14.,11) for the appearance of first
fenale flower. The variance estimates have

revealed that major part of wvariability for the



character was contributed by genetic effect (Vp =
13.91, Vg = 13,07, Ve = 0.,84). 1In general
genotypic coefficient of variation was moderately
high (17.63 per cent) with high heritebility
(93.97 per cent). The expected genetic advance
showed & low value (7.22), but the genetic gain

indicated a hipgh vercentage (35.21 per cent), noting

the improvement feasible for the character.

1.4, 2Jaye Lox opening of the Zirat female flower
The mean number of days for the opening of
the first female flower ranged from 33,89 to 48.44
with a general mean of 42,36 days, Maximum number
of days was recorded for the type B.G, 18 (48.44)
and the minimum number of days was observed in
BeGe T (33.87)e OUther early flowering types were
BeGe 1 (35.34 days) and B.G. 6 (37.22 days)., In
general the variability was low (Vp = 14,90) with
more amount of genetic component (Vg = 14,68) than
the environmental variance (Ve = 0,22). The
genotyosic coefficient of variation recorded was
only to the extent of 9,05 per cent. Heritability
estimate wae very high (94,5 per cent) and the
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expected genetic advance (7.83) and genetic gain
(18.49 per cent) exhibited low wvalues.

1.5. Number of femsle flowers per plant

Humber of female flowers showed a wide range
of variation from 35.33 to 83,00 flowers among the
types, eventhough the general mean was 58,69 flowers
per plant. laximum number of female flowers wvas
produced by the type H.G. 21 (83,00) which was
followed by 3.C. 13 (82,33), and B.G. 17 (81.67),
while the minimum number of female flowers was
prodsced by BeGoe 4 (35.33). The wariance estimates
wers high (Vp = 240,01, Vg = 236,15, Ve = 3,86) and
the genotyrnic coef‘icient of variation was fairly
good (26.18 per cent). The heritability percentage
and expected zene:ic advance were high (4 = 98,39
per oent, G = 31,40). The estimate of genectic gain
revealed th:at by selecting five per cent superior
plants from the available germplasm it was possible

to get 53.5 per cent improvement for the char-cter,

1.6. lkercentage of female flowers per plank
rercentage of female flowers showed & nAarrow

range of 2,74 to 6,56 with & general mean of 4,52,
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Table 2a,

Mean values of twenty one quantitative characters
in different bitter gourd types (from 6 to 10)

Percentage Days for Yield Ho.of “eight
Types of female pioking per plant fruits of fruit
flovers naturity (Zg) per plant (g)
g 1 B g 10
B.G.1 4.65 15.44 523 54,22 155,39
BeGo2 4,55 15,17 504 46,11 182.21
BeGo3 2,74 16.94 326 32.89 170.36
B.Ged 6.56 14,22 350 33467 183,15
BeGeb 4,06 17.28 2,92 29,78 136.93
BeGeb J.49 18,00 5¢22 42.78 200,75
BeGoT 4,91 13.44 4.41 5322 163.92
BeGoB 3T 13.17 3.93 41,22 156,97
BeGe9 4.21 14,94 6.7 53.11 166.53
B.G.10 4.56 12,39 T.47 51,22 1897.72
BeGol1 523 11.89 2,53 31.22 122.36
BeGa12 4.07 14,06 5467 66 .66 159.36
BeGe13 4,99 13.06 3.36 T5.22 115.41
BeGo14 538 14.17 2.69 29.89 127.5%
BeGe1S 4,34 15.89 7.58 61.33 188,14
Bela 16 5.05% 14.28 4,58 T3.33 157.97
BeGe17 4.67 13.22 5.67 T70.22 154 .65
Bee18 503 13.28 5.0% 50456 192,90
BeGe 19 4,21 17.22 3404 31,00 191.65
BeGe20 5.67 15645 6.02 48,00 199,68
BeGo21 4,95 16.39 T.75 T3.67 209.07
B.Ga22 3T 13.67 3.78 31.11 156,43
BeGo23 3.96 12.83 10.87 55022 234,98
BeGo24 4,60 14.39 5015 51.56 180,84
B.G.25 3672 16.44 D04 28,56 185.74
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The highest percentage of 6.56 was observed in B.G., 4
and the lowest (2.74) in B.G, 3. The variance
estimates (Vp = 1,24, Vg = 1,19, Vo = 0,05) exhibited
a predominant effect of genetic component. Similarly
the phenotypic and genetypic coefficients of variation
were very low (PCY = 9,11 per cent, GCV = 8.94 per
cent), The heritability estimate was high (96.17 per
cent), but the genetic gain showed a low value (18,06
per cent).

1.7. Days £ t

The range observed for the character vas from
11,89 to 18,00 days with & general mean of 14.69 days,
The maximum number of days was taken by the type B.G.6
and the minimum number in B.,G. 11 for the maturity of
fruit. Other early maturing types were B.G, 10
(12,39 days), B.G. 23 (12.83 days), B.G. 13 (13,06
days), B.G. 8 (13,17 daye), B.G. 17 (13,22 days) and
B.G. 18 (13,28 days). The variance estimates
observed for the character were low (Vp = 2,87, Vg =
2.78, Ve = 0,09) with a dominance of genotypic
variance, Similarly; the genotypic coefficient of
variation was found to exhibit a low value of 11,35
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rer cent. Other genetic parsmeters like heritability,
expected genstic advance and genetic gain estimated
vere 96,81 per cent, 3,38 and 23,01 per cent,

respectively.

1.8, Yield pexr t

"he general mean of the awvailable population
was found to be 4,98 kg of fruits per plant, However
yield showed a wide variation, ranging from 2.53 to
10.87 kg per plant, The highest yield was produced
by the type B.G. 23 (10,87 kg) vhich was followed by
BuGe 21 (7.75 kgl, BoGe 15 (7.58 kg), BsGo 10 (7.47
kg)y BeGe 9 (6.73 kg), BeG. 20 (6,02 kg) and the lowest
yield was recorded in B.G. 11 (2,53 kg). The wvariance
estimates indicated a profound influence of genetic
component than the environmental effeot in the total
phenotypic variance, The phenotypic and genotypic
coefficients of variation were the highest(itV =«
39.88 per cent, C(V = 39,82 psr cent) among the
different characters studied, ©Similarly the broad
sense heritability exhibited very high percentage
(99.74 per cent). Although the expected genetic



¥ig.2. Metroglyph shovwing fruit and sced characters

Numbers from 1 to 2% in the figure
represent bitter gourd t{pﬂl from
BeGel to B¢6025. respect “1!
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advanoce was lov (4,08) the genetic gain had the
highest estimate of 81,93 per cent among the
different traits,

1.9, HNumber of its t

The range of variation observed in this
charaoter was from 28,56 to 73.67 vwith a general
mean of 48.55. !aximum number of 73,67 fruits was
produced by the type B.G, 21 which was closely
followed by 3.G. 16 (73.33), B.G. 13 (73.22), B.G. 17
(70,22), BsGs 12 (66.66), 8.G. 15 (61.33) and B.G, 23
(55.22), while the minimum number of fruits vas
produced by the type B.G, 25 (28,56)., A high amount
of variability was observed for the oharacter as shown
by the different wverience estimates (Vp = 230,60,
Vg = 230,14, Ve = 0.46). The phenotypic and
genotypic coefficients of variation shoved the same
trend with high estimates (PCV = 31,28 per cent, GCV =
31.25 per cent), The estimated heritability showed
the highest percentage (99.80 per cent) asong the
various characters amd the expected genetic advance
recorded a moderately high wvalue of 31,22, The
genetic sin had a high value of 64,30 per cent,
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indicating the poesibility of improvement at five

per cent selection pressure,

1,10, Weight of fruit
Mean weight of fruit ranged from 115.41 g

to 234.98 g. Type B.G. 23 recorded the highest
average fruit weight of 234,98 g while the lovest
average fruit weisht of 115.41 g vas recorded for
the type B.GC. 12, Other bitter gourd types like
B.Ge 21 (209.07 g)y BoGo 6 (200.75 g), B.G. 20
(199,68 g) and B,G. 18 (192,90 g) also had
appreciably higzh aversze fruit weizht. The
vhenotypic, genotypic and environmental variances
vere 835,90, 776.86 and 59.04, respectively. The
phenotypic and genotypic coefficients of wvariation
(PCV = 16.8) per cent, GOV = 16,27 per cent) showed
that a major part of the variation was due to genetic
effect. The heritability and expected genetic gain
were comparatively high (1 « 92,94 per cent, Gs =
55.35). The estimate of g=netic advance as
percentage of mean vas found to be moderately good

(32.33 per cent).

1.11. Length of fruit
Mean length of fruit exhibited a range, 16.93



table 2h. liean values of twenty one quantitative characters
in different bitter gourd types (from 11 to 15)

length Girth *lesh No.of 100=n023

rypes of fruit of fruit  thickness seeds weight

(cm) (om) (mm) per fruit (g

11 12 13 14 15
BeGel 22.88 16.29 5e81 28,79 22.79
BeGe2 25455 16.39 6.77 26,11 20,78
B.Ge3 28,35 13.99 6.01 30,00 24453
BeGed 27.66 16.76 6.584 31.68 25,15
BeGob 21,60 14,06 4.7 28,586 17.82
BeGeb 31.09 15.42 5¢97 31,66 24,75
Bel3e7 22.87 15,99 6.568 29.59 24,08
HBeGe8B 24,72 16,13 5¢93 30.92 23,70
BeGe9 19,70 17.91 T.31 26,31 24,74
BeGs10 29.81 14.87 5693 29.94 25436
BeGe11 16.95 15.03 5.09 27.79 21.16
BeGoel2 22.77 14.85 6431 33.3% 22456
BeGe13 17.99 14.74 4,69 26,11 e 1
BeGoe 14 21.24 14,58 515 31.27 23,70
BeGe 15 31,4 15.13 585 29,65 24,41
B.G.16 27.80 14,53 5.94 30,74 23438
BeGo17 21,86 15.74 6.09 30635 2% .92
B.G.18 26,41 15.97 T.52 37408 22 ¢ 21
B.Ge19 29.49 12,98 5.87 3087 2C.66
BeG 620 26.92 17.69 7.52 3227 2393
BeGoe21 30655 15,65 6.68 27.20 23450
BeGe22 26,25 14,68 7.01 31.15 21.64
BeGe23 38,789 16.04 5698 27.43 23.93
B.Ge24 28,02 14,82 6.74 30631 23434
BeGe?25 27.96 1513 5.93 28,00 22.89
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to 38,78 cm among the different types with a

general mean of 25.92 cm. Be.Co 23 produced the
longest fruit (38,78 om) vhereas the shortest
fruits(16.9% om) were produced by the type B.G, 11.
Other types producing appreciadbly long fruits wvere
B.G. 15 (31.14 cm), B.G. 6 (31.09 em), B.G. 21

(30.5% om) and 8,G, 10 (29.81 cm). The phenotyrvic,
genotypic snd environmental variances shoved that

the genetic component was more than the environmental
variance{Vp = 23,92, Vg = 22,97, Ve = 0.95). However
the phenotypic and genotypic coefficients of
variation were 18,87 per cent ard 18.49 per cent,
respectively. The heritability (96.01 per cent) and
genetic gain (37.32 per cent) were found to be fairly

promising,

1.12, Girth of fruit
Mean girth of fruit ranged from 12.98 cam to

17.91 cm and the overall mean was 15,41 cm. The
maximun average sirth was recorded in B.G. 9 (17.91
em), while the minimum was observed in the type

BeGe 19 (12,98 cm). The variance estimetes exhibited
very low values (Vp = 1,43, Vg =« 1,19, Ve = 0,25),
Similarly the phenotypic and genotypic coefficients



of variation were also low (PCV = 7,77 per cent,
GCV = 7,07 per cent). The heritability recorded
moderate estimate (82,90 per cent) while the
expected genetic advance (2,04), and genetic gain
(13,26 per cent) were of low magnitude,

1.13. [les ckness

Flesh thickness shoved a narrov range of 4,69
to 7.52 mm, with & general mean of 6,17 mm. The types
B.G. 18 and B.G. 20 were found to have the thickest
flesh while the least thickness of flesh was observed
in the type B.G. 13. The wvariance estimates have
shown that a greater part of variation was contributed
by the genetic component. The phenotypic snd
genotypic coefficients of variation wvere found to be
lov (FCV = 12,88 per cent, GCV = 12,36 per cent).
High heritability (92.05 per cent) coupled with low
genetic gain (24.42 per cent) was recorded in the
available material for flesh thickness,

1.14. FHumber of seeds per fruit
Mean number of seeds per fruit was found to

range from 26,11 to 33.35 with a general mean of
29.7Ce Be.Ge 12 contained the maximum number of seeds
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in the fruit while the minimum number was observed
in the fruits of 8.G. 13, The estimates of
variances ani coefficients of variation were low

and also indicated a predominant influence of
environment over genes for this character (Vp = 6.65,
Vg = 2.89, Ve = 3,77). Among the different traite
studied, the heritability vas found to have the
lowest estimate of 43.37 per cent for the number of
seeds per fruit. Similarly the expected genetic
advance (2.30) and genetic gain (7.76 per cent) were

observed to have lowvest estimatea,

1.15, Hundred peed weight
The range of variation was from 17.82 to

25.36 g with a general mean of 23,56 g for the 100~
seed weizht. The highest 100-seed weight was
recorded in the type B.G. 10 and the lovest by the
type B.G. 5. The various variance components and
coefficients of variation were found to have low
estimates. The heritability percentage was moderate
(70.79 per cent) amd the genetic gain was only to
the extent of 11,82 per cent,

1.16. Iotal soluble solide
/his biochemical trait had a general mean of



Table 2¢.

Hean values of twenty one quantitative characters

in different bitter gourd types (from 16 to 21)

67

Total Vitamin C Protein Thosphorus TFotassium _.T°0
Types soluble content content  oontont content °?ﬁtent

solids (mg/100g) (g/100g) (mg/100g) (mg/100g) 100g)

16 17 18 19 20 21

B,G.1 3.32 99,52 18,12 360,63 366,00 10.37
BoGe2 4.33 150,94 16.52 487.50 376,00 7.73
BaGe3 4.55 223,02 16 .96 550,67 436,00 13.54
BeGo4 2,07  174.21 14.70 275.00 303.00 7.51
BuG.5 2,93 130,90 15.48 250,00 274 .00 12,27
BeGeb 3.75 125,87 16.07 330,00 348,67 8.34
B.GeT 4,06 133,32 22.79 432,50 383,33 12,38
B.G.8 3.58 113,37 14.28 454.17 379,00 14,07
BeGa9 2,57 102,12 14.26 247.50 357.67 11.64
B.G.10  3.07 92,68 19.35 428,33 382,00 18,40
B.6.11 3,50 60,71 17.28 439,17 379,00 10.89
B.Ge12  3.50 93,33 19.94 528,33 390.67 16.07
BeGo13 4,70 186.29 20,16 398,33 428,00 9.31
BoG.14 3,20 121,64 15.08 421,67 312,00 11.74
BeGe15 3,52 101,48 20,34 405,00 365, 00 17.56
BsG.16  3.10 65.53 18,57 485,83 391,00 14.60
BeGo17T 3,20 8792 15,80 344,17 315,33 7.19
Bu0o.18  3.07 128,53 18.62 423,33 368,00 11,21
B.G.13 4,10  166.69 16.72 395,83 296,67 21.58
BsGe20 2,20 100,10 17.99 319,50 334,67 12.59
BuG.21  3.95 147,59 16.73 383,33 338,00 14.28
B.G.22  3.03 73.09 15.98 356,67 334,33 10.05
BeGe23 3,08 65.77 18,79 377.50 346.00 9,20
BeGo24  4.50 124,30 20,81 439.17 342,00 6.77
BeGe25 3,20 78443 23,93 282,50 400,00 13,22




Pig.3. ?crgoglyph showing biochemical characters of
t

Nunmbers from 1 to 25 in the figure
represent bitter gourd types from

BeGel t0 B.G.25, respsctively
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Table 3. Analysis of variance for 21 characters in 25 bitter gourd tyves (lfean square values)

Character Betend) " (d.00a28) (d.Frok8) for syses FeOE—Feroov
1. FHumber of primary branches 1.93 63.25 0.83 T76.15%= 1.50 2.01
2. length of main vine (metres) , 0.01 1.20 0,03 36.,37"* 0.30 0.40
3. lHode at which the first female
flower appeared 0.08 40,06 .84 47.T1%* 1.50 2,02
4. Days for opening of the
first female flower 0e57 44.27 022 198,68** CeT7 1.04
5. Tumber of female flow rs per plant (.65 712.30 386 184,53+ 323 4,33
6. Tercentage of female flowers 0.07 363 0.0% 76.33** 0.36 C.48
Te Tays for picking maturity 0.08 Be43 0.09 G2.,04** 0.5C 0.67
8. Yield per plant (kg) 0.03 11.80 0.01 1168.62** 0.16 022
9. Fumber of fruits per plant Oe41 690,88 0.46 1489,22%* 1.12 1.50
10. :edght of fruit (g’ 76.9 : 2389,62 59.04 40.,48** 12.61 16.91
11. Lsngth of frit (cm) O.41 69.56 0.95 T3.20%+ 1.60 2.15
12, Girtn of fruit (cm) 1.96 .81 0.23 15.54"* 0.81 1.09
13. 7lesh thickness (ma) 0.09 1.79 0.05 35.66%* 0.37 0.49
¥4, Number of seeds per fruit 6.86 12.43% 377 330" 319 4,27
15, 100-seed weight (@) 0417 8.52 1.0% 8:27**  1.67  2.23
16. 7Total soluble solids 0.09 1.40 0.09 15.28%* 50 e67
17. Vitamin C content (mg par 100 g) 1.80 4938.17 5.83 F4T.65%* 3.9 5¢31
18. Protein content (g per 100 g) 4.48 19.41 3.49 5.57** 306 4.11
19, PFPhosphorus content (mg per 100 g) B28.73 19463.16 341.39 57.01%%  3C,32 40,65
20, Potassium content (mg per 10 g) 6.25 4663,92 52.02 89,66** 11,84 15,87
21, 1Iron content (mg)per 1C0 g) c.82 40,69 3.95 10,31+ 3¢ 26 4.37

*¢ G4gnificant at 1 per cent level
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3.44 with a narrovw range of wvariation from 2.07 to
4,70, Maximum total soluble solids were estimated
in the fruits of B.G. 13, whereas B.G. 4 had the
least total soluble solids., Other types such as
B.G. 3, B.Gs 24 and B.G. 2 also had significantly
higher total soluble solids in their fruits. Total
soluble solids had the least variance estimates
among the different traits studied (Vp « 0.53%,

Vg = 0.44, Ve = 0,09) and the phenotypic and
genotypic coefficients of wvariation were 21,11

per cent and 19,19 per cens, respectively. The
heritability (82.64 per cent) and genetic gain
(3%5.94 per cent) were moderately high.

1.17. Yitamin C content
The vitamin C content in the fruits ranged

from 60,71 to 225,02 mg per 100 g of fruit eventhough

the general mean was 117,90 mg. Vitamin C content
was maximum in B.G. 7, whereas the minimum quantity
was observed in the fruits of B.G. 11, However, the
bitter gourd typee like B.G. 13, B.G. 4, B.C. 19,
BeGe 2, BoGe 21, BeGe 5, BeGe 18 and B.G. 6 recorded
significantly higher vitamin C content in their

69
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‘able 4, Fange, mean and staniard error of the char:cters
Character kange Yemn Stzggigd

1. liumber of primary branches 18,00=35,89 27.12 0.1
2. Length of main vine (metres) 2.92-6,22 4.61 0.0?
3. iode at which the first

female flow~r appeared 14,11-26.89 20451 0.11
4. mys for opening of the

first feunle flower 33.89-48,44 42,36 0.0%
5 liumber of female flowers 35.33=83.C0 58,69 0.23
6. Perocentuge of female flowers 2.74-6,56 4452 .02
7. Days for picking maturity 11.89-18,00 14.69 0.04
8. Yield per plant (kg 2.53=10,487 4,98 Ce01
9. uaber of fruita per plant 28,56=T3.67 48,55 0,08
10, Weignt of fruit (g) 115.41=234,98 171,23 .09
11, Length of fruit (cm) 16,9338, 78 2%.92 0,11
12, Girth of fruit (cm) 12.98-17,91 15, 1 0.06
13, Flesh thickness (mm) 4.69-7.52 6.17 0.02
14. Nunber of sseds per fruit 26.11=33,35 29,70 0.22
15. 100-seed weight (g 17.82«2%,36 23.16 C.12
16. Total soluble solids 2,07-4,70 Jedd 0,03
17. Vitamin C content (mg/100 g) 60.71=22,02 117.90 0.28
168, TIrotein content (g/100 g: 14,26=23.93 17.81 Ge22
19. “hosphorus content (mg/100 g) 247.50-550,67 392,67 2.13
20, rotassium conternt (mg/1C0 g) 274.,00-436,00 357,75 0.3%
21, Iron content (mg/100 g 6.T7=21,58 12.1C 0623
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fruits, The variability observed was fairly high
with more genetic effect (Vp = 1649.94, Vg = 1644,.12,
Ve = 5.83). “he phenotypic and genotypic
ocoefficients of variation were also appreciably

high (PCV = 34,45 per cent, GCV = 34,39 per cent).
The heritability (99.65 per cent), expected genetic
advance (83,38) and genetic gain (70.72 per cent)
vere also very high.

1.18. Erotein content

The protein content was observed to range
from 14,26 to 23.93 g with a genersl mean of 17.81 g.
Haximum protein content was observed in the type
B.G. 25 (23.93 g), which wvas followed by the types
BeGe 7 (22,79 g)y B.Go 24 (20,81 g) and B.G, 15
(20.34 g), and the minimum content was estimated in
the type B.G, 9 (14.26 g). The estimatee of
phenotypic, genotypic amd environmental variances
(Vp = 8,77, Vg = 5.31, Ve = 3.49) showed that a good
per cent of variation was contributed by the genetic
factors. I he genotypic coefficient of variation was
only 12,94 per cent and the heritability was moderate
(60,55 per cent). T"he genetic advance (3.69) and



1?2

genstic gain (20,74 per cent) showed comparatively

lovwer estimates.

1.19. EIhosphorus content
The quantity of phosphorus in the fruits

ranged from 247.50 to 550.67 mg among the different
bitter gourd types, eventhough the general mean was
only 392,68 mg per 100 g of dried fruit material.
Maximum phosphorus vas anelysed in B.G, 3 vwhereas
the loas*t phosrhorus content was noted in B.G. 9.
The variance estinmates were the highest among all
biochemical characters (Vp = 6715.31, Vg = 6373.92,
Ve = 341,33), indicating the high amount of genetio
variability. The phenotypic nid genotypie
cosfficients of variation were moderate (PCV = 20,87
per cent, Gi'V = 20.33 per cent). The heritability
percentage and expected genetic advance were high

(i = 94,92 per cent, Gs = 160.23), The genetic gain
recorded a moderately high estimate of 40,80 per cent,

1.20, Yotassium conte

The content of votassium in the fruits of
different types ranged from 274.00 to 436 mg per 100 g
of dried friit material and the oversll mean was



Table 5 .

different charscters
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Yhenotypic, genotypic and environmental variances for

Phenotypic Genotypic Tnviron-

Charaoter variance variance mental

(Vp) (Va) va{§g?ce

1. Rumber of primar; branches 21.64 20,81 0.8%
2, Length of main vine 0.42 0.39 0,03

3. HNode at which the first
femnle flower appeared 13.91 13.77 CeH4
4. Days for opening of the

first female flower 14.90 14.68 0,22

Se Number of female flowers 240,01 236,15 3.86
6. Tercentage of female flowers 1.24 1.19 0.05
7. Days for picking maturity 2,87 2,7 0.09
8. Yield per plant 3.94 3.93 0.01
9. HNunber of fruits per plant 230.60 230.14 Ce.46
10, weight of fruit 835.90 T76.66 59.04
11, Length of fruit 23.92 22,97 0495
12, Girth of fruit 1.43 1.19 De25
13. "lesh thickness 0.63 0.58 0,08
14, Number of seeds per fruit 6.65 2.89 3.77
15. 100-geed weight 3.53 2.50 1.09
16, Total soluble solids 0.53 0.44 0.09
17, Vitamin C content 1649.94 1644.12 5.83%
18, Protein content 8,77 531 349
19. Yhospthorus content 6715.31 6373,92 341,39
20, Protassium content 1589,32 1537,30 52602
21, 1Iron content 16.20 12,25 3695




Table 6.

advance and genetic gain for different characters

rhenotypic and genotypic coefficients of wvariation, heritability, expected genetic

P T G "
character cosfficlemt ooefricient Herite- POl censtic
of variation of variation ¥ amivance &
(¥CV) (GCV) () (Gs) (GG)
1. Xumber of primary branches 17.15 16.82 96.16 9.22 33.98
2. Length of the uain vine 14.07 13.51 92.18 1.23 26,73
3« lNode_ at which the first
female flower appeared 18.19 17.63 9%.97 7.22 35.21
4. Days for orening of the
first female flower 9. 11 9.05 98,51 T.93 18.49
Se¢ Number of female flowers 26.40 26.18 98,39 31.40 53450
6. iercentage of feunle flowcrs 9.11 8.94 96.17 2.21 18.06
7. Days for picking maturity 11.54 11.35 96.81 3438 23.01
8. Yield per plant 39.88 39.82 99.74 4.08 81.93
9. Number of fruits per plant 31.28 31.25 99.80 31.22 64.30
10. ueight of fruit 16.89 16.28 92.94 55435 32.33
11. Length of fruit 18.87 18.49 96.01 9.67 37.32
12, Girth of fruit T.77 7.07 82.9C 2.04 13.26
13. Flesh thicknesas 12.88 12.36 92.05% 1.51 24.42
14. Number of seeds per frait 8.69 5.72 43.37 2.30 T.76
15. 100-seed weight 8. 11 6.82 70.79 2.7 11.82
16. Total soluble solids 21.11 19.19 32.64 1.21 35.94
17. Vitamin ¢ content 34.45 34.39 99465 83.38 T70.72
18, Frotein coatent 16.62 12.94 60455 3.69 20,74
19. Phosphorus content 20,87 20.33 94 .92 160.23 40.80
20, Fotassiam content 1.4 10.96 96.73 T4 .44 22.20
21. 1Iron content 33425 20,92 7564 6.27 51.81

hL




Fige4.

Thenotypic and genotyric coefficients of wagiation

« Number of primary branches per plant
- Length of main vine
« lode at which the first female flower appeared
- Days for opening of the firat female flower
- lumber of femnle flowers p:r plant
- Yercentnge of feamale flower per plnnt
- iays for picking maturity
- Yield per plant
= HNumber of fruits per plant
- YWeight of fruit
- Length of fruit
= Girth of fruit
- Flesh thickness
- Number of seeds per fruit
= 100-seed weight
- Total soluble solids
= Vitamin C content
- Protein content
- Yhosphorus content
- TPotassium ocontent
- Iron contant



PERCENTAGE

40

35

30

15

20

o

PHENOTYPIC AND GEMNMOTYPIC CoOEFFICIENTS OF VARIATION

D PRHENOTYPIC

. GENOTYPIC

20 21

Fla: 4




75

357.85 mg. The highest potassium content wvas
recorded in th§ type BoG. 3, while the lowest
eatimate was recorded in 3,GC. 5. The different
variance estinpates were also high (Vp = 1589,32,

Vg = 1537.%0, Ve = 52,02), But the phenot: :ic and
genotyplo coefficients of varistion were low (i(V =
11.14 per cent, GUV « 10,96 per cent). The
heritability amd genetic advance were 96,73 per c= t
and 74.44, respectively. But the genetic gain was
only 22.20 per cent.

1.21, conte

Iron content was found to range from 6.77 to
21,568 mg witn & general mean of 12,10 mg per 1.0 g
of dried fruit material, Maximum iron content of
21,52 mg was observed in the type B.G, 19 which was
followed by B.Ge 10 (12,40 mg), B.Gs 15 (17,56 mg’,
BelGe 12 (16,07 mg) and the lowest content of 6.77
mg was observed in 5.G. 24. The estimates of
variance exhibited low walues at phenotyj;ic,
genoty:ic and environmental levels (Vp = 16,20,
Vg = 12,25, Ve = 3,95). The phenotyric and genotyric
coefficients of variation were moderately good (1 ¢V =

3%.25 per cent, G.V = 23,92 per cent). The
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heritebility and genetic gain showed moderately
high estimates of 75.64 per cent and 51,81 per cent,
respectively.

ilates 1II and II a represent the characters
of fruit in different bitter gourd types. In plates
111, Iv, v, VI, VII and VIII, the general field
performances of some of the bitter gourd types,

showing variability in the bearing habit are given.

2. CUaihsLATION ScUDIES

In order to find out the various components
of fruit yield an! their extent of association with
yield and among themselves, the phenotypic, genotyric
and environmental correlation coefficients were
annlysed. The results are presented in ’ables 7, 8
and 9, respectively. In Pig. 6, the correlation
coefficients between yleld and all other characters

are given.

2.1. ZFYhenotypic and o c_correlations
Generally, the phenotypic and geno*ypic
correlation coefficients were of the same magnitude,
The genotypic correlation coefficients weve slightly
higher than the phenotypic correlation coefficients



Table 7. Thenotypic correlation coefficients (rp) for different pairs

of characters

~ Character

)

X

*s

-

‘g

Y
T A

Yo

Kumber of primary branches
Length of main vine

Hode_at which the first
female flow-r appeared

Days for opening of the
first female flower

Hurber of female flowers
Yercentage of femule flowers
Days for picking maturity
Tield

Number of fruits

Weight of fruit

Length of fruit

Girth of fruit

Flesh thickness

Humber of seeds per fruit
100=se<d weignt

Total soluble solids
Vitanin C content

frotein content
thosphorus content
Potagsiun content

Iren content

+0.6396**

+0.3368
+C.4314#

=,0704
4‘0013%

+0.4776*

"’004 295 b
+0.,4572*

+0.3005

-0.C131

+0.0659
"Oo 0996

-003829

+(Ce 1421

+0.,0672
+0.,0361

+0,0172

+0e0126
~0.4047*

* Significant at 5 per cent level
=+ S5ignificant at 1 per cent level

(Continued)
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Table % (oontd.)

Character

X

X

X

X

X

8 9 10 11 12
X1 Rumber of primar; branches +0.,51110» +0.,4448* +0.,3758 +0.4141* +0,0909
Xz Length of main vine +0.T345**  +0.4826* +0,5709*«  +0,5423** 40,2809
iode at which the first

13 female flower appea +0.2289 +0.2589 +0.0379 +0.,0587 -0.0861
X Days for opening of the

4  filst femsle flower 20,1146  =0.0453  +0.1199  +0.7374  =0.0279
Xg Rumber of female flowers +0.5369*%*  +0.9275*F  +0.1026 +0.0299 +0,1848
x6 Tercentage of female flowers =0,0233 +0.,2118 -0. 1311 =0.2592 +.3396
e Days for picking maturity -0, 1302 -0.2405 +0.26T1 +0,2636 -0,1931
Xa Yield +0.,5611*+ +0,6640%* +0.56846** +0,3864
Xg Rumber of fruits +0,0881 +0.0323 +0,2004
X10 “eight of fruit +0,8578%* +0,2468
Xqq Length of fruit =0.0504
X12 Girth of fruit

X13 Flesh thickneas

%14  Number of seeds per frui:
X945  10C-geed weigh:
X46 Total soluble solids
X497 vVitamin C content
¥4 Protein content
X,g Phosyphorus content

ng Potassium content
X21 Iron contant
* Significant a8t 5 per cent level (Continued)

*% 34gnifiecant at 1 per cent level

8L



Table T. (contd.)

Character

X13

Xq

X

Y

4 15 *16 ‘17

Xg Humber of primary branches -0.0441 +0.0043  +0.3956* <0.0755 +0,1322
PN Length of main vine +0.2654 ~0.1375 +40.4518* «0,0%593 +0.0091
X3 Hode 2t which the firat

female fl-wer appeared +0,0278 -0.,0408 «0,0432 +0,2446 +0.,0301
X4 Days for opening of the )

firat femle flower +0.,2739 +0. 1078 =0,2262 -0.0612 -(0,0091
KS Number of female flowers +0,0601 ~0.1647 +0.1795 +0.09:7 «0,2447
Ks Yercentage of female flowers +0.1508 +0,0300 +0.,0909 =0.3627 -0 0617
37 Days for picking maturity -0.0313 -0.0194 =0.2036 +0.1295% +0.,3862
Xg Yield +0.3199 =0.1325  +0.3725 =0, 1507 -03270
Xg Number of fruits +0.0969 -0.1199  +0,2957 +0.1572 -0.1238
X4o Weight of fruit +0.,5232** 40,0496 +0.,2915 -0e 1050 -0,0282
Xq9 Iength of fruit +0,2763 +0.1660 +0,2534 -0.0457 -.0307
Xy, Girth of fruit +0,67°2%%*  +0.2619 +0.2741 -0.4323* =0.,1610
X453 FPlesh thickness +0.2259  +0,2684 ~0,3468 -0.0373
X,‘ Number of seeds per fruit +0,0931 -0.3309 =0,055%1
X15 100-geed weignt -0,0161 +0.0366
X6 ‘otal soluble solids +(.4495*
¥X47 Vitamin C content
548 Frotein content
X499 Fhosphorus content
Zpg Totassium content
x21 Iron content

*Significant at 5 per cent level (rontinued)

sesimmificant at 1 per cent level

6L



Table 7. {(contd.)

Character Y48 X9 X20 99

X Hunber of primary branches -0,0256 =0.,0536 -0.052% -0.0362
X, hength of muin vine «0,0490 ~0e 1345 -0.069% -0.1584
>:.5 Node at which the first

fennle flower appeared +0,0455 +0.1149 +C. 0978 =0, 2038
X4 Days for opening of the )

first female flowver - +2167 =04 3036 -0 1759 +0. 1744
XS Humber of female flowers +0.,3977%  +0,0403 +0.2773 +0.0068
XG Fercentage of femsle flowers =0,03%9 -0.,1736 -0,2858 -0.,1979
X7 Days Toar piciing maturity -0.0979 =0425T74 -0.2192 +0.1948
Xp Yield +0.,1112 =0.0357 =0.0045 +0,0300
Xg Yamber of fruits +C,2186 +0.21%6 40,2836 -0, 0081
X1O Hedght of fruit +0.,1006 =0 107" -0.1241 +0,0981
X'H Length of fruit +0,16934 +0.,0292 =0.093%6 + <1567
X’Q Girth of fruit Qe 10612 ~0¢37%138 +(0, 007§ -0.3919*
Xﬁ Flesh thiciness -0,0506 - 0748 =0, 0599 -0, 0730
X,‘ Nuumber of seeds per fruit -0, 0036 +0.,1316 -0, 1741 +0,0945
}115 "100-geed weight +0.2493 +0.,03%2 40,1736 (e 30
Y46  “otal soluble solids +0,2654 +2.5376%*  +0.4116% +0.,0486
X,,, Vitamin ¢ conient -0.1469 +0. 1575 +0.0751 =04 068
X4 Frotein content +0.1745 +0,3654 +(0,0930
}19 Yhosphorus content +0,5522%*% 40,2288
Ao PRotassium content +0.0811
X21 Iron content ) ¢

* Significant at 5 per cent level
** Significant at 1 per cent level

08
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in most cases indicating a strong inherent
association of characters under studyj but a probable

influence of environment on the expression.

2.1.1. Correlation between yield and yileld components
The length of the main vine exhibited the

highest, positive significant association with yinld
per plant both at phenotypic and genotypic levels
(rp = +0,7345, r8 = +0,7652), followed by weigsht of
fruit (rp = 40,6640, re® +0,687T), length of fruit
(rp = 40,5846, r, " +0,5961), number of fruits per
plant (rp = +0,5611, rg = +0,5620), number of female
flowers per plant (rp = +0,5369, r, " +0.5403), and
nunber of primary branches per plant (rp = +0,5111,
rE s +0.5248)., Genotypic correlation coefficients
were posiiive and significant between yield and 100-
seed weight (r8 = +0.4348), and between yizld and
girth of fruit (rs = +0,4223), Fhenotypic and
genotypic correlations between yield per plant and
(1) node at which the first female flower appearedl
(11) days for opening of the first female flower
(411) flesh thickness (iv) protein content and (v)

iron content were positive; but not significant,
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The correlation coefficients between yield and

(1) percentage of fcmale flowers (ii) days for
picking maturity (1i1) number of seeds per fruit
(1v) total soluble solids (v) vitamin C content
(vi) phosphorus content and (vii) potassium content

vere ncgatives but not significant,

2.1.2. Interocorrelat n eld components
Highly significant positive phenotypic and
genotypic correlations were observed between number
of primary branches nd length of the main vine
(rp = +0,6396, re " +0,6567). The correlations were
positive and significant at five per cent level
between number of primary branches and (1/ nuaber of
female flowers (ii/ number of fruits per plant (iii)
length of fruit and (iv) 10U0-seed weight. Length of
mein vine showed hignly significant positive
association with weight of fruit (rp = +0.5709,
Tg " +0,6004) and length of fruit (rp = +0,542%,
re ™ +0.5753). The genotypic correlation between
length of main vine and 100-seed weight was highly
significant eventhough the phenotypic correlsation
vas significant onl; at five per cent probability.
Fositive phenotypic and genotypic correlations,



Table 8. Genotypic correlation coefficients (rg) for different pairs of characters

Character

Xg i

Hamber of primary branches

Length of main vine

Node at which the first
femuzle flower appeared

Days for opening of the
first female flower

Humber of female flovers

Fercentage of female flovers

says for picxing maturity
Yield

Humber of fruite
wedght of fruit
Length of fruit

Girth of fruit

¥lesh thickness
Number seeds per fruit
100e.aeed weight

Total soluble solids
Vitamin C content
Protein content
rhosyhorus content
Fotassium content

Iron content

+0.6567** +0.3519

“’00‘756.

=(3,0710
+0,1420

+0.4413*%

+0.4776*
+0.4306% +0,3128

=0.0173

+0.0578 40,0734
-~0,116° 40,0481

+0,4010* 40,0320

~0+2524 40,0138
+0.1206 =0.1°58
"00‘0.’3.

¥ Significant at 5 per cent level
*+ Gignificant at 1 per cent level

(Continuned)
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Table 8. (contd IS )

Character Xg Xg %10 X11 X142

X, Number of primary branches +0,5248"* +0.4488* +0.3665 +0.4063* +0.0792
X, Length of main vine +0.7652%* +0,5058%* +0.6004** +0,5753** +0,2892
X3 Node at wyich the first R

female fl:wer appeared +0.2462 +0.2676 +040297 +0.0686 =0.1256
14 Days for opening of the

first female flower +0.,1139 -0,0450 +0.,1218 +0.0421 «0,0292
Xg Rumber of femnle flowers +0.5403%* +0,9365%* +0.1168 +0.0352 +0,2093
Xg Percentage of female flovers =0,0251 +0.2185 -0, 1352 -0.2637 +0.3894*
17 Days for picking maturity -0. 1344 -0.2437 +0.,2912 +0. 2754 -0.2036
Xg Yield +0.5620** +0,68TT** +0,5961%* 4+0,4223*
Xg Rumber of fruits +0,0912 +0,0332 +0.2187
X0 Yeight of fruit +7,9004%* 40,2929
Xy, Length of fruit ~0,0541
X12 Girth of fruit
X13 Flesh thickness
X14 Rumber of seeds per fruit
115 100enced weight
%16 Total soluble solids
2’7 Vitamin C content
X18 Protein content
K19 Phosphorus content
320 Fotassium content
59 Iron content

» Significant at S5 per cent level (Continued)

#* Significant at 1 per cent level
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Table B. (contd.)

Character X13 114 X 15 116 XH

Xy Bumber of primary branches «0.0591 «0.0291 +0.4569* =0,0736 +0.1501
X2 Length of main vine +0,2998 «0.1962 +0.,5180%* «0,1C76 +(,0089
x, NHode at which the first ‘

female flower appeared +0.0049 «(1.0238 +0,0700 +0.2551 +0,0290
x‘ Days for opening of the

first female flower +0.,2746 +0.1985 =0.2537 -0, 0823 -0,031%
RS Humber of female flowers +0.0377 -0,2626 +0.,2401 +0.1079 «0,2499
g Fercentage of female flowers +0.1605 +0.,0913 +0.1411 =0,4076 ~0e064 1
X? Days for picking maturity «0.0077 -0,0304 ~0,2082 +0,1444 +03945%
Xg Yield +0.3343 ~0.2168 +0.4348* «0,1617 «0,3272
39 Kumber of fgnits +0.1044 -0, 1873 +0.3561 +2. 1709 -0,1239
Xqg ¥elght of fruit +0.5706%* +0.0728 +0,3377 «0,1487 -0,0231
Xq9¢4 Length of fruit +0.2531 +0. 1373  +0.,2531 -0.253%2 ~0,0306
X4o Girth of fruit +0,5913%* 40,0188 +0.4883* ~0,.5202%% .0,19%6
113 Flesh thickness «0.,2788 +0.3331 «0,2862 «0.,0357
1,4 Rumber of seeds per fruit +0,2129 =(,2851 =0,0681
Yy5 100-seed weight -0.1111 +0,0389
X16 Total soluble solids +0,501 1%+
X17 Vitarin C content
118 Protein content
X‘Q rhosphorus content
XZO Fotassium content
K21 Iron content

* Significant at 5 per cent (Continued)

** Significant at 1 per cent
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Table 8. (contd.)

Character X458 K19 X20 X21

Xq Number of primary branches -0,0622 -0.,0452 -0.0549 =0.04 16
X, Length of main vine +0,0091 -0.,1543 -0,0692 =0,2041
XS Node at which the first

femal e flower appeared -0.0075 +0.1221 +0.1081 -0.2330
34 Days for opening of the

firat female flowver =0.,2960 ~0.0075 -G, 1798 +0.2154
XS Number of female flowers +0.46T71* 40,0465 +0.27T7 +0,0173
16 Percentage of fem:le flowers -0.,0358 -0.1838 «0,2958 -0.2333
Xq Days for picking maturity ~0. 1031 ~0.2636 =0,2303 +0.203%
Xq Yield +0,1332 -0.0369 «0,0022 +0.0393
xg Number of fruits +C.2856 +0.,2203 +0,.2868 -0.0109
X0 |eight of fruit +0.1768 -0, 1066 «0,1332 +0.1266
X494 length of fruit +0,1588 +0,0445 -0,0932 +0,2000
X40 Girth of fruit =0.1859 =0,3893% «0,0020 -0.4320*
113 lesh thickness =0.0248 «0,0807 ~0.0671 «0, 1712
11‘ Number of seeds per fruit =0, 1605 +0.2081 «0.2979 +0,2830
X15 100-geeds weight +0.,2435 +0.0746 +0.175% +0, 0883
e Total soluble solids +0.3062 +0.6303**  +0.4669* +0.0249
X17 Vitamin C content ~0.1846 +0.1603 +.0795% =0.0065
X18 Protein content +0.2334 +0.,5838%*  +0,1261
x19 Fhosprhorus content +0,5784%*  +0.,2542
Xy Totassium content +0.098%
K21 Iron content x

* Significant at 5 per cent level
*» Significant at 1 per cent level
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significant at five per cent level, vere also observed
hetween length of main vine and (1) node at which the
first female flower appeared and (14i) numdber of female

flowers per plant.

Yode at which the first female flower appeared
had positive significant association with daye for
opening of the first female flower and negntive,
significant genotypic correlation with percentage of
femnle flowers, YNumber of female flowers per plant
wag found to exhibit highly significant positive
correlations with numbsr of fruits per plant (rp -
+0.,9275, rs = +0,936%). The phenotyric and genotyric
correlations were positive and significant between
number of female fl wers and protein content,
Tercentage of femnle flowers had negative significent
association with days for picking maturity and total
soluble solids. The genotypic correlation between
percentage of fem-le flovers and girth of fruit was

found to be positive nnd significant.

ays for piciting maturity exhibited positive
and significnt genotyric association vith vitamin C

content, Numbcr of fruits per plant, one of ths
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important contributors of yield, showed positive

but insignificant correlations with almost all
characters except number of seeds per fruit and
Vitamin C content where negative correlntions were
observed, -<eight of fruit showed highly significant,
positive aassociation wit: length of fruit (rp -
+0.8578, Ty " +0,9004) and with flesh thicikness

(rp = 40,5232, Ty " +0.5706), Highly significant,
positive association was also observed between girth
of fruit and flesh thicimess (rp = +0,6323, re ™
+0,5913), The genotypic correl=tion coefficient only
was hignly significant and negnative between girth of
fruit and total soluble solids (rg = ~0,5202), wheraas
the phenotypic correlation was significant only at
five per cent level. The genotypic correlation was
positive and significant between girth of fruit and
100-geed weignt whercas it was negative and significant
between girth of fruit and phosphorus content., Girth
of fruit also showed negative and significant
phenotypic and genotyrie correlations with iron

content.

The study of intsroorrelations among biochemical

traits have showed that the total scluble solids had
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highly significant positive correlations with
phosphorus content in the fruit (rp = 40,5376,

Ty " +0.6303). TYositive genotypic correlation
observed between total soluble solids ard vitamin ©
contant was aighly significant (G = +C.5011), but
the phenotypic correlation was only significant at
five per cent lev:l. Total soluble solids also had
significant association with potassium content,
14ghly significant, positive, genotypic correlation
(rg = +0,58°7) was also observed between protein
and pnosphorus contents in the fruit. Ihosphorus
content in turn was found to exhibit highly
significant, positive association both at phenotypic
and genotypic levels with potassium content (rp »
+C. 5522, T, +0,57'4).

2.2+ Znviro correlat

In the present study number of primary branches
shovwed highly significant, positive,environmental
correlations with length of main vine (r, = +0.3879,
veight of fruit (rb = +0.,5632) ard length of fruit
(rk = +0,6004), indicating that the environment

favourable for number of primary branches may also be



Table 9. C“nvironmental correlation coefficients (rc) between different

pairs of characters

Character

X2

X3

Xy Xg Xg

X

b4 \ﬁMN _.N

>
w

m>4

Kumber of primary branches
length of main vine

Node at which the first
female flower appesred

Days for opening of the
first female flowor

Number of female flowers
Yercentage of female flowers
Days for picking maturity
Yield

Number of fruits

Weight of fruit

Length of fruit

Girth of fruit

Flesh thic:iness

Kumber of seeds per fruit
100-8ced weight

Total soluble sclids
Yitamin C content

Protein content
rhoaphorus content
Fotassium content

Iron content

+0.3879*"

+0,0481
-0, 1630

=0, 0536
+{i,0068

+0.0084
+0.,0419

+0.2675
+0,1844

"‘O. 1873 "0. 00’34 .Oo 0339

+0.2512 +0.,1541

+0.4281%#

-0,1021
~0.1877

"0.3023‘

-0.0403
+0.0264
“003364‘

* Significant at 5 per cent level
*s+ 3ignificant at 1 per cent lewvel

(Continued)
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Table 9. (contd.)

Character XB X9 3.10 x11 X12

X, Number of primary branches -0.2868*  +0.5906%** +0.5632%* +0,6004** +0.2490
Xy Length of main wvine +0.0488 «0.2048 +C.2045 +0.,0186 +0,2417
x3 Node at which the first |

female flower appeared =0, 7569** ~(,,0239 +C. 1547 =0. 1311 +0,2433
K‘ Days for opening of the o

first femzle flower +0.2693 -0.1171 +G. 1046 -0, 1433 -0,0280
XS Number of female flowers +0.2549 -0,0853 -0,2698 -0.1649 -0,0792
XG Fercentage of female flowers +0,1225 -0.2559 -0.0638 -0,14688 -0.0992
17 Days for picking maturity +0,2081 -0.1183 -0.1911 -0.0530 «0.1461
XB Yield +0.1637 +0,1380 +0.,1294 +0,110%
Kg Number of fruits +0,0217 -0,0223 +0.,0770
X4o w"eight of fruit +0,1378 -0,0939
X4y Length of fruit =0,0242
X4o Girth of fruit
1,3 Flesh thickness
114 Humber of seeds per fruit
215 100=-seed weight
%46 Total soluble solids
X17 Vitamin C content
K18 Frotein content
X19 ihosphorus content
Xoq Iiotassium content
X549 1Iron content

* Significant at 5 per cent ievel (Continued)

** Significant at 1 per cent level
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Table 9. (contd.)

Character 113 x14 115 X16 X17

X4 THumber of primary branches +0.2087 +0.1572 +0.1762 -0.1216 +0,0430
12 Length of main vine «-0.1373 +0.4114%* 40,2401 +(0,2970*% +0,0%49
X3 Node at which the first

female flower appearsd +0.3336* ~0.1386 (e 1044 +0,1939 +0,1430
14 Hays for opening of the

first femnle flower +0.3608** -0,2383 -0.2162 +0.2%61 +0,6144 %+
XS Humber of female flowers +0.6761** +0,0712 «0.3197% «0,0515% +0,3T712%+
Xg Percentage of female flowers =0,0017 -0.1971 -0.2414 +0,0089 +0,0891
X7 Days for picking maturity ~0.4759** =0,0018 «0.3243* 40,0029 -0.1194
Xg Yield «0,0263 +0.,2647 +0,18%4 +0.052% «0,2723
19 Number of fruits -0e2524 +0.0963 ~0q 1490 +0.,1031 =0.1015
110 Weight of fruit -0.0614 +0.2542 +0.,1165 +0.,2280 =0.,3785%*
) O length of fruit +0.6788** +0.5154%* 4+0.4146** ~0.,3103% =0,0640
112 Girth of fruit +0.9917** +0,8054** .0.4468** +0.0099 +0.8311+*
113 Flesh thickness +0.,2341 +0,0034 -0.8265%** =0,1895
X4a Nuzber of seeds per fruit -0.0610 «0.5112** =0,2315
115 100~seed weight +0,3060* +0,1240
X436 Total soluble solids «0,2083
X17 Vitamin C content
X18 Irotein content
X19 Phosphorus content
120 Potassium content
§21 Iron content

* Significant at 5 per cent level (Continued)

** Significant at 1 per cent lewel
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Table 9. (contd.)

Char:cter Xq8 X19 20 Xoq

X4 Number of primary branches -0.1772 ~0.2377 +0,0142 -0,00T7
X2 Length of main vine ~(3.21T71 +0,1568 ~0,08325 +0,0871
K3 Node at which the first

fenale flower appeared +0.3311+ «0.,0074 -0.1178 ~Ce 0604
24 'ays for opening of the

first female flower +0.1545 +0.1308 -0.0161 -0,1516
Xs Humber of female flowers +0.4648%** <(0,1614 +0.2765 -0, 1293
Xg Fercentage of female flowers  =0.,0702 +0.0449 =0,0134 +0.,0106
X? Days for picking maturity -0, 1686 -0.1189 +0e1121 +0.2%48
Ka Yield +0.2415 =0.027C =04 2500 -(}o 1644
39 Hunber of fruits -0, 1194 +0,1116 +0,22%4 +0,0624
Xq0 ‘eight of fruit -0.1911 ~0.1147 +0.0455 ~0,0616
X4q4 length of fruit +0.3837** -0,2948* <0,1036 =0, 138%
¥4p Girth of fruit +0.1166 +0.0727 +0,0979 «0,2442
.X13 Flesh thicknesa -0, 1804 +0,0097 +0.0673 +0,4297**
11‘ Bumber of seeds per fruit +0.16%6 -0.0111 +0. 1386 -0,1818
X15 100-seed weight +0.2635 -0.,2133 +0,6292%*  .0,3245*
46 Total soluble solids +0.185%9 -0,2202 =0,0797 +0.1404
217 Vitamin C content =01, 0953 +0,0174 -0,268" ~0.0462
X18 Irotein content +0.,0174 «0,T7168** 40,0247
119 Yhosphorus content -0, 0481 +0,1206
X»0 Fotassium content «0,0351
X219 Iron content x

* Significant at 5 per cent level
## iignificant at 1 per cent level

£b
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favourable for the above trmits. Invirommental
correlation was negative and significant between
nusber of primary branches and yield per plant

(r. = «0,2868), length of main vine showed highly
significant, positive, environmemntal correlation with
nunber of seeds per fruit and significent positive
correlntion with total soluble solids. Mode at
which the firs: femle flower appeared was found

to have hignly significant and negative environmental
associ~tion with yield per plant (ra s «0,7569),
Agyain, the environmental correlation between node at
vhich the {irst fe ale flower appeared and days for
picking maturity vwas negative and si;nificant. lYode
at which the first fem:le flower appeared also had
positive, significant environmental association with
flesh thickness and protein content,

Highly significant, positive, environmentsl
correlations were observed batween days for opening
of the Tirst female flovwer and (1) flesh thickness
(11) vitamin O content. Ietween numbder of femcle
flowers and (1) perceantage of female flowers (41
flesh thickness (111) vitamin C content amd (iv)
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protein contant also, highly significant, positive,
environmental correlations were obtained, Oignificent
and negative environmeantal correlation was also
obsarved between number o femole fl ‘Wers md 100-seed
weiznt and betwsen percentage of femamle flowers and

days for picking maturity,

Uays for picking maturity showed highly
significant end negative environmental correlation
with flesh thickness and eignificant negative
correlation with 100«seed weight., ‘“elight of fruit
was found to exhibit highly significant, negative
environme ntal correlation with vitamin C content,
3ut length of fruit showed highly signific-nt, positive,
environmental correlations with flesh thickness, number
of seeds per fruit, 100-seed weight and protein content,
and significant negative correlation with total soluble
solids. Girth of fruit in a similar way was found to
heve highly significant, positive, environmental
correlations with flesh thickness, namber of seeds per
fruit and vitamin ¢ content and negative correlation
with 1 .O-geed weight,

7lesh thickness and number of seeds por fruit

snhowed hignly significant and negative environmental
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correlations with total soluble solids, while the
former also had highly significant, positive
correlation with iron content, 170O-ssed weight was
found to hawve highly significant positive

correlation with potassium content and aignificant,
positive and negative environmental correlations

with total soluble solids and iron content,
respectively. ‘‘inally, highly significant, negative,
environmental ccrrelation was observed between protein

content and ;otassium content (r, = -0.7462),

3. YATH CUOLIPICL NT AGALYLIU

Ths path coefficient snalysis showing the direct
anml indirect effects of yield components, nanmely,
number of crimary branches per plant, length of main
vine, nusber of female flowers per plint, number of
fruits per plant, weight of fruit and length of fruit,
was done based on the .enotypic correlntion
coefficients of sisi“icance. The results are

presented in Table 10 and Tiz. 7, 8 and 9.

“he path analysis revealed that wei.ht of
fruits exerted trne maximan positive direct effect on
fruit yield than any other components, Cther

characters which snowed positive direct effects on



Table 10,

components or fruit yield

Fath coefficient analysis - Direct (underlined) and indirect effects of yield

Kamber of lLength Number of iy . Genotypic
Character primary of fem:le H“?gﬁitgf ”i}ght neggth correlation
branches main flowers 00 Jant fruit eruit With yleld
per plant  vine per plant per plars per plant
Humber of prima
branches psr plzgt =0,002 +0.1371 =0.0159 +0.1783 +0.2032 ~0.0352 +0.5248
Length of main vine -0.0017 +0.3002 -0.0172 +0.2010  ¢0.3329 <~0.0499 +0,7652
Number of female
flow:ra per plant -0.0011  +0.1436 =0,0361 40,3722  +0.0647 ~0.0030 +0.5403
Nunber of fruits
per plant «0.0012 +0.1518 =0.0338 20,3975 +0.0505 <0.0028 +0,5620
Weight of fruit «0,0009 +0.1802 =0.0042 +0.0362 20,5545 =0.0781 +0.6877

residual effect = 0.488%

L6
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yield were number of fruits per plant =n‘ length of
main vine, The rest three characters shoved negative

direct effects,

The direct effect of number of primary
branches on yield per plant was negative rnd wvory
low (~0.0027), The high positive correlation
coefficient, that existed between number of primary
branches and yield (+0.5248) was well compensated by
ite positive indirect sffects through weight of fruit
(+0.2032), length of main vine (+0.1971) and number
of fruits per plant (+0,1783). The indirect effects
of number of primary brunches through number of female

flowers and length of fru;t vere negative and low,

length of main vine showed a moderately high
positive direct effect on fruit yield (+0,3002), The
indirect cffects of length of main vine through
weight of fruit (+0.3329) and number of fruite
(+0.2G10,; were nigh and positive, enabling the
correlation coefficient positive and the highest
(+0.7652) amon;: the characters studied. i-ngth of
main vine also showed negative indirect effects on

yield throush number of ;rimary branches, number of
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female flowers and length of fruit which were not

percertible,

'he path analysis also showed that the direct
affect of number o’ female flowers on fruit yield
was negative and negligible (-~0.0361), The highly
gigni?i unt, poaitive correletion (+0.54C3; was shown
to be solely due to i1ts indirect effects through
number of rruits per plant (+0,3722), length of main
vine (+0.1436) and weight of fruit (+0.,06473,
dovever, tne indirect effects of number of female
flowers through number of primary branches snd length

of fruit were nagative ard of low megnitule,

Numbexy of fruits per plant was confirmed to be
an important contributor of yield because the direct
ef “‘ect on fruit yield was high and positive (+0.3975)
among the characters studied, except in the case of
wei ht ol fruit. The indirect effect through length

of main vine (+0,151) was falrl, promising. The

indirect effects thro.igh other characters wrre neygative

and very low,

waight o frait showed the maximum direct effect
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on fruit yleld (+0.%345) confirming that it ie the
most important contributing factor for yi21d in bitter
gourd, The indirect effect through length of main
vine (+0.1:02) was positive arnd fairly high, but it
was partly nullified by its indirect negative efients
through other characters like length of fruit
(«0.0781), nunbar of femule flowers (~0.,0042) and

number of primary branches (-0.0C09).

Length of fruit had negative direct effect on
frait yicld (=0,0768), the magnitude of the effect being
very low, 3uat the hi. hl: signiicant posiltive
correlntion (+0.,5%1) was well compensated by its
apprecisbly high indlirect positive effects throurh
weight of fruit (+0.4992) and length of main vine
(+0,1727). The indirect effect of length of fruit
through number of fruits per rlant was alse positive
snd low (+0,0132), Other indirect effects of length
of “ruit through number of female flowers

an number
of primary branches were negative and very low

The residaal effect due to the u.nknown causnl

factors influencing the yield was 0,4 221, thus

indicating that tae six characters dtudled 1n the
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path analysis contributed to about 51 per cent of
the yield.

4. 5 _LiC Tob LiDok

inltiple regresaion function was fitted to
ascertain the extent of contribution of each factor
in a group towards yield- and also to predict the
yield based on the phenoty;ic performance o three
charcciers, namely, length of main vin=, number of
fruits per plant ard weight of fruit, wnich had high
positive direct effects, The following regression
equation was thus obtained,

Y = =7.2168 + 0,699, + 0.0492%%%g +
0.0335%*X4

(R = 0,7469, K = 0,8667)
where Y = “'xpected yleld

X, = Length of mair vine

X, = Number of fruits ;er plant

x10 » Yol ht of fruit

** = ignificant at 1 per cent level
= Coeffioient ol dcterminntion

R = Fultiple regresaion coefficlent

The coefficient o determination (Rz) vag C,7.60

indioating that about 74 per cent of the fruit yield



162

vas determined by these three characters, The
multiple regreseion coefiicient (i) was 0.8667
which showed the closeness between predicted yleld
and sctual yield,

The regression function was highly significant
as rewsaled from the analysis of variance given in
Table 11. The ypartial regression coefficients were
tested for their significance. It was found that
the partial regression coefficients for nuzber of
fruits per plant and weight of fruit were highly
significant (t9 = 2,885, ty, = 3.541)s Although the
partial regreesion coefficient for length of main wvine
vas not significunt, the estimated value (t2 = 2,03%)
closely approached to the table wvalue (2.08), Thus
it was clear that length of main vine also had =
profound influence on yield along with weight of fruit
and number of fruits per plant and the lack of

significance was due to chance alone,
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Table 11, Analyeis of varience - Regression function
of three characters Xg. Xg and 310

Source of < 6 3 e
variation dofc Selie Bi.&. value
kegression 2 70.97 23.66 Ple14 %>
Lrror 21 23,50 1.12

Total 24 94.47

we Gignificant at 1 per cent level



DISCUSSION
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DIBCISSION

The prime objective in plant breeding is to
pick up desiraple genotypes. But s genoty.e 1s not
a separate identity by iteel’ and is to be measured
through a phenotyée. is such a survey of obsarvable
variation in the available porulation bocomes highly

desirable,

(Of the warioua estimates of quantiitative
variability, mean, range and the wvariation around
the mean are the wery basic ones. Success in genetic
improvenment of a crop would depend upon a wide
genetic base and the large penciic variability
resul ting from it. In the present investigation,
it may be seen hat the range of variation for almost
all camracters is lurge, particulorly in resyect of
phosphorus contcnt, vitamin C content, potaasium
content, weli. st of fruit, nunber of female flovers
per plant, numbzr of fruits per plant, number of
primory branches per plant, length of fruit, iren
conte~t and days for opening of the firat female
flower, The range of wvarintion obs-rved in yield
per plant is also promising (Tanle 4). This showe

that the avail:ivle population has sufficient amount
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of variation for most of the characters stuiied for
wnhich selection can be practised. The investigations
by “ehrotra and ixit (1973) in brinjal, Hirti Singh
et al., (1974) in bhindi, Thakur and Kandpuri (1974)
in watermelon, Tikka et 21. (1974) in cluster bean,
Awasthi et al. (1976) in chilli, ¥arthassrathy et al.
(1976) in tomato and Uaini ¢t al. (1972) in peas,
have shown that a wide range of va:iation was prese~t

for most of the characters considered in thoese crops,

The observed wvariation alone is not sufficient
for a breeder, A knovledge of the extent 2nd nature
of genetic variability ie all the more important,

B0 there is an imperative need of partitioning the
overall variability into heritable (genetic) and nor-
heritable (no:-genetic’ components, hecause of the
hignh influence of anvironment on the quantitative
characters. ' stim.tes of variance components obtained
for the twenty-one characters in the present study
have indicated thiat very high phenotyric and penotyric
variances were present in phos:horus content, vitamin ©
content, potassium content, weight of fruit, number of
fem:le flowers ard numb:r o fruits per rlant (Vide

‘able 5). In bhindi, Kirti Singh et al. (1974
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obtained high estim~tes of phenotypic and genotypic
variance for the chemical constituents and other

characters of fruit.

Variance estimates have also shown that
variations obssrved in most of the characters are
mainly die to genetic causes, because of the
predominence of genoty ic variance over the
environmental variance, Similar observations vere
recorded by kao gt al. (1977) in bhindi =nd ‘rys and
“aind (1977J 4n chilli. Only in the case of number
of eeeda per fruit, the environmentzl variance was
fourd to be more than the genotypic variance. This
may be dus to the influsnce of environmental factors
affecting pollination, fortilization and development
of seed., Tripethi and Lal (1975) obtained similar
results in cluster bean, / good amount of variability
observed in other characters like woight of frait,

1 Owseod weight and iron content is also contributed ..
by the environwental factors., Similar findings were
also reported by sdnghigt al. (1964) in cluster bean
and Hao et al. (1977) in bhindi,

The magnitude o’ variance, as such, does not
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reveal the relative amount of variability as
ascertained through co-fficlents of variation.

High genotypic coefficient of variation indicates

that genotypic wvarizbility present in the crop for
the character ig high and enables us to compare

with that prescnt in other characters, The values
estimated for the phenotypde and genotypic
coefficients of variation (vide, “able 6 =mi "ig.?’
have revealed that yield per plant, vitamin  content,
number of fruits per plant, iron content, numbsr of
femnle flowers per plant and phosphoras content hed
hish estimates (above 2C per cent)., 'his suggests
that there is a high degree o genetic variability

in the crop for these canracters as compared %o others
and therefore, these could be utilised in the crop
improvement progrrmmes., ‘everal reports in vegsetables
are in support of this viewe. In bitter gourd,
Srivastave and Srivastava (1976 obtained hizh values
of genotyplc coefficisnt of variation for number of
fruits and yield per plant. Heports by ‘nnnd end
Torrie (1963) in soybean, Xirti Singh et sl., (1974) in
bhindi, iande et al. (197%) in french bear, Tripathi

and Lal (1975) 4in cluster bean, iarthasaratay et al,
(1976) 4in tomato, ¥ishra and "oy (1976) in brinjal,
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Arya and Saini (19779 in chilli and Lakshmi =nd Goud
(1977) in cowpea can also be cited in support of the
above findinga.

Characters having woderate estimates of
genotypic coefficient of variation (10«20 per cent)
were number of primary branches, length of main vine,
node at which the first femsle flower appeared, days
for picking maturity, weight of fruit, length of
fruit, flesh thickness, total soluble solids, protein
content »nd potassium content, Among the characters
astudied, number of sceds per fruit, 10C-secd wei ht,
glrth of fruit, ercentage of female flowers ani
days for openinyg of the irst femile flower have
shown low values o. genotypie coefficient of wariation
(below 10 per cent) and these tralte thers ore, offer

little scope Tor selection.

ilowever, with the help of ,mnotypic coef icient
of varintion alone it 1s di{ficult to ascartain the
amount of variestion that is heritable (“andhi et al.
1964). The heritable nortion of the wvariation can be
found out with the h=2lp of heritability estimates,

Burton (1352) had suggested that zenotynic coef”icient
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of variation together with heritability estimntes
would give the hest picture of the amount’of rrogress
to be ex;ected by selaction. 7esults of the
investigations now undertaken clearly indicate that
all characters except number of seeds per fruit had
high heritability. “he chrracters like yield per
plant, number o fruite per nlant, vitamin C content
and number of female flowers per . lant which had given
high genetic co~fficlient ¢f variation, also had hirh
heritability estimates, Heritability estimate wae
highest for number of fruits per cvlant (:9.80 per
cent) and yield per plant (99.74 per cent.., - ther
characters like number of primary branches, lenith

of main vine, node at which the firest female flower
appeared, days for openins of the first female Tlower,
weight of Iruit, length of fruit, flesh thickness,
phos::iorus content and potassiur cnntent also showed
hizn values of heritability exceeding 490 per cent,
ilence, these treits could be improved by selection,
because ot the fact that, high herdtability in'icates
the effectiveness with which selection o” genotyres
can be based on phenot:.pie rerformance (Johnson 2t sl.,

1955 a), However, heritability value in itsel?
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provides no indication of the amount of fenetic
progress that would result from selecting the beet
individuoal s. sigilar reeults have been reported by
A§§I¥§§£§§;K§§i“£éééﬁam(?§9§5 in brinjal, Crivastave
and Srivastava (1976) in bitter gourd and irys and

saini (19779 4in Capsicunm.

Among the characters studied, number of seeds
per fruit showed the lowest heritability estimote
(43.37 per cent), thus limiting the scope of sslection
for this tr:it, In cluster bean, Tripathi and lal
(197%) obsarved the lowest estimate of heritability

(48,91 per cent; for number of seeds per pod,

ieritability values give a useful indication
of the relutive scope of selection in the material in
hand, but to arrive at more reliable conclusions,
heritavility and genetic advance should be Jointly
conside:ed, Johnson et al. (1955e) in their studies
with soybean have suggested that heritability estimates
along with genetic gain (genetic sdvance in percentage
of mean) is more useful than the herit=bility slone in
predicting the resultant effect for selectinyg the hest
individusls, In the present study, the genetic advance
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was estimated as absolute for a character and aleo as
the percentage of mean (genetic gain) for comparing

different characters,

Expected genetic advance estimated in sbasolute
values made the point clear that, b- selecting 5 per
cent superior plants from the available porulation,
it would be possible to improve the yield by 4,08 kg
per plant, number of branohes by 9,22 per plant,
length of main vine by 1.23 metres, node at waich the
first femnle flower appeared by 7.72, days for opening
of the first female flower by 7.83, number of femnle
flowers by 31.40 per plant, percentage of femrle flowers
by 2.21, days for picking maturity by ".52, namber of
fruits by 31,22 per plant, weight of fruit by 5~.%5 g,
length of fruit by 9.67 cm, girth of fruit by 2.04¢ om,
fiesh thicknessz by 1.51 mm, number of seeds per fruit
by 2.%0 and 100-seed weight by 1,21 g. egarding
chemical constitusnts of fruits, total soluble solids
showaed a« improvement by 1.21, vitamin ¢ content by
83.38 mg, protein content by 3.89 g, phosrhorus content
by 16:..23 mg, potassium content by 74.44 mg and iron
content by 6.27 nmg per 100 g of fruit,
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The genetic gain estimate was maximum for
yield (81.93 per cent) which was followed by vitamin ©
content (70,72 per cent), number of fruits per plant
(64,30 per cent) and number of femele flowers per
plant (53,50 per cent:. Among the chemical
constituents of fruit, iron content (51.81 per cent,
and phoethorus content (40.81 per cent) showed high
values of genetic sain, These characters were also
observed to have high heritability in addition te high
genetic gain values which mey be attributed to the
additive gene effects (Fanse, 1957 ani as such, these
trajts can be improved through straight selection, By
selecting the 5 per cent superior yplants from the
available material, it is possible to improve the
various characters to thst percentages »s indicsted
by the wenetic gain estimates. Orivastava :nd
Srivastava (1976) obtained similar results in bitter
gourd. The reports by Nandpuri et al. (1971) in
chilli, Gingh et al. (1974) in brinjal, Singh 2t al.
(1976} in musimelon, &ao gt al. (1977) in bhindi,
Singh et al. (1977) in tomnto and Thakur and Choudhary
(1977) in ridge gourd can also be cited in suyport of
these findingse.
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Humber of branches per plant, node at which the
first female flower appearei, weizht of fruit, length
»f frait and total ssluble solids also had promising
values of genstic gain (30 to 40 per cent) and
therefore, selection can be offectively practissd for
these traits also. . lowever, charaoters such as days
for opening of the first female flower, percentage of
female flowers, girth of fruit emd 100-seed weight
vere found to have high heritability and low genetic
g8l which may be sttributed to the retion of non-
additive genes which includes dominance and epistasis
(fanse, 1957}. ence, selection has limited scorpe
for improving these traits, Johnson et al. (19%% a},
with reference to their work in soybean hzd pointed
out that high horitability need not be acrompanied by
high genetic ¢nin ecstimntes. Yumber of sceds par
fruit appeared nearly stable beczusa o the lowest
neritsbility und lowest gene:ic gain ectimates an' so
there 18 little acope Jor selection (X¥2rasimha ao

and rardhasaraini, 1968),

The counparison of 2vailable poruletion for
different economic characters has revealed that the

type 3.Ge 23 was the hignest ylelder, followed by
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BeGe 21, B.Ge 15 and B.G. 10. Por early flowering,
types B.G. 18, H.G. 7 and B.G. 1 could be recommended
whereas for early maturity of the fruits, types ".0.%1,
BeGoe 10, deGe 23, Zelie 13 and B.G, 8 were found to be
good. However the low ylelding types like B.G, 13,
BeGe 3, BeG. 24 and B.,C, 2 were obeserved to contain
higher gquantities of total soluble solids in their
fruits as compnred to others, Similarly the types

Betle 3y BalGe 13, Belia 4 and BuGe 19 had significantly
higher vitamin ¢ content, CEuperior types identified
for iron content were #3,G, 19, 3,64 10, 5eCe 1% ad
leGe 12, while the protein content in the fruits of
3ale 25y BeGe Ty BeGe 15 and H5.Ge 24 was significantly
higher than all other types. For growers interested

in seed production, the types B.G., 20, B.G. 6,4 DeGe 14,
and 3.G. 2 can be recommended, sinc: they ncove more
number of seeds per fruit combined with increased

100-geed weight,

“has it 18 eclear that different typea carry
superiority with regard to various characters, {ence
there is possibility of combining yield nnd other
quslities by effective hybridization of euperior
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varieties., Again, the high varinbility observed in
yield per plant offers scopes of exploiting hybrid
vigour by orossing the distantly releted individusals
for yleld.

In any crop improvement yprogramse, it becomes
necessary to have sim:ltanesus progress of more than
one character, especially in the case of » complex :5;
cheracter like yleld which is influenced by many other
traits, This 48 due to the physiological and linkage
rel:tionships of senes rovering various ch:iracters,
Hence, hefore commencing a selection programme for
the improvement of yleld, the association betwesn yield
and its attributes should be understood. ‘he simple
correl ation study is inadequate to measure the
association, as different genotypes are susceptitle
to environment to varying degrees, ' obinson 2% al.
(1951) had pointed out that the sstimations of
genotypic and vhenotyric correlations are useful in
crop improvement programmes. Another inportant factor
in the selection programme is that the environmental
correlations betwren the character pairs considerad,
should ot be sigrniiicante. Genotypic correlation

coefficients proviie a measure of the genotyrie
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association between the characters and reveal the
charicters that may be useful under considerztion,
kith this idea in mini, the phenotypic, genotypic
and environmental correlation coefiicients between
yield and ite components and the intercorrelations

among the yield comuonents were worked out.

Except in a few cases, the phenotypic and
genotypic correlations for any pair of traits secemed
to be of comparaocle magnitude in the present siundy.
Howev:r, the genotypic correlation coefficients wers
8li;htly higher than phenotypic correlation coefficients.
:nis means that there is a strong inherent relaticnship
betwsen the cheracters under study, but their expression
is imnpeded by the influence of environmental factors,
Srivagtava and Srivastzva {1976) obtained higher wealues
of genotypic correlation coefficients than phenotyric
correlation coefficients between ditfarnht pairs of

characters in bitter gourd,

Yield is the end product of interaction of many
factors. The association analysis in the present stuiy
has revealed that yield was highly associated with
length of main vine, wzight of fruit, length of fruit,

namber of fruits per plant, number of female flowers
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per plant and number of primary branches per plant,

in the order. The associntion of number of female
flovers, number of fruits, weight of fruit and length
o fruit towards yield was logicsl. 3But the
contributions by lenigth of main vine and number of
branches nesd physioloyical explamation, Ferhaps,
these traits may be enhancing the number of leaves

and as such, the photosynthetic efficiency. Increased
photosynthetic ~fficiency will resilt 4in increased dry
matter nccumulation and Tinally the economical yield.
In bitter gourd, ' rivastava and irivastavae {(1976)
reported that number of fruits per plani, number of
female flowers and number of branches per plant were
highly associited with yleld. Similar {indings were
also made b;fgingh et al. (1972) in chilli, ‘hambure}
(1973, 4n ridge gourd, Xumar et al. (1974} in cowpea
and landpuri et al. (1376) in tomato.

100=-820d weizht and girth of fruit had
significant genotypic correlations with yield per plant
but thelr phenotypic correlations were not significant,
This may perhaps be atiribated to the modifying effect
of the environmental fsctors in the expression of

genetic components of these iLraits,
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‘nvironmental correlation between yield and
numbher of primary branches was regative and
simificant, This shova that the environront
favourable for the development of primary branches
will be unfavounrable for yield, The possibl~ reason
may be that the environmental factors such as soil
fertility and other favourable soil conditions
increasing the vegetative growth may be affecting the
reproductive phase of the plant adversely *o some
extent. OSingh and dehndiratta (196¢9. obtained neg-ive
and significant onvironmental correlation beitween yield

per plant and number of branches per plant in cowresa,

Hegative and highly significant environmental
correlation was observed between yield per plant a-d
node at which the first female “lower appeared, but
their phenotyric and genotypic correlations were low,
This means that the environmental factors favourable
for yield per plant will be unfavourable ‘or early
flowering. Yerhaps, this environmental interaction
may be the reasnon for the lack of amsociation between

the characters at phenotypric and genotypic levels,

Association of yield and its cozronents =lone
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is not adequate in any selection programme, ° Kknowledge
of the inter-relationship among the yleld components

1s also needed., Doka (13970) with reference to his

work in cowpea, had suggested that intercorrel=tions
among the yield con .onents should be estimated because,
in a breeding programme, rate of improvement of one
component does not hinder the improvement in other
components, The intercorrelations estimated for the
yield components in the present study have indicated
that the length of main vine, numbor of rrimary branches,
number of female flowers und number of fruits were
strongly and positively associated with each other,
Tositive and hi;hly significant correlations were also
observed betwecen number of primary branches znd lengzth
of fruit and also betwesn length of fruit ~nd weisht

of fruit. ILength of main wvine exhibited rositive
correlations with wei, ht of fruit and length of fruit,
This complex set of correlstions between various yield
components clearly indicates that the improvement in
length of main vine will definitely improve the number
of primary branches, number of female flovers md

number o7 “rults p«<r plant and at the srme time maintain
a reasonavly high weight and length of fruits. Therefore

simul taneous improvement oi these tr:its is possible b
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single selection, These findings to & certain extent
are in agreement with the results obtained by
Srivastava and .rivastava (1976) in bitter gourd.
However, the association of days to first female
flover with the yield components was not evident in
the present investigation. ©5imilar results were also
reported by liolokojedcva (1962) in cucumber, ‘hurana
and Sadhu (1972) in soybean, Kirti Singh et al. (1372
in chilli and £irti Singh et al. (1974) in bhindi,

"he positive correlation observed at phenotypic
and genotyric levels between node at which the first
femnle flower apreared amd days for opening of the
firet fem2le flowsr clearly revealei that on early
flowering variaty will produce the first female flower

at a lower node than a late variety.

weber and %oorthy (1952) 4n their work in soybean
had established that the knowledge of correlations
between mor hological =mi chemical characters would
be useful in visual selection for chemicsl characters,
In the present stuly, it vas observed that the
correlation between nunber of female flowers nnd

protein content was significant and poeitive, at
phenotypic and genotypic levels, This association
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can be explained on the basis of the faet that the
protein includes aminoacids, such as, tryptophan
which is a precursor of indole-acetic acid, an auxin
needed for flower production in plants (Tu ke , 19%4),
Again, experimsnts have shovn that 4t is possible to
increase the production of female flowers by the
external application of growth regulastors in bitter
gourd (Prasad and Tyagi, 19633 Ravindran, 1971).

Girth of the fruit was found to be negatively
and genotypically correlated with total soluble solids,
phosphorus content andiron content. This suggests
that the improvement in girth of fruit is possible at
the expense of these quality aspects of fruits. This
is similar to the findings of Kirti Singh et al. (1974)
in bhindi and Barooah and Mohan (1976) in tomato.

The association analysis asong the biocheaical
traits has indicated that improvement of warious
quality factors is poesible simultaneously. The
results, therefore, revealed that breeding for the
inprovement of total soluble solids will definitely
improve the vitamin C content, phosphorus content and
potassium content in the fruits amd yet maintain a
reasonably high protein content.
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Association of charaoters determined by
correlation coefficients will not provide an ex:ct
picture of the relative importance of direot and
indirect influence of each of the charscters towards
yield., Fath coefficient enalysis developed by Wright
(1921) and first used by lewey and Lu (19%9) in
plants, furnishes a means of measuring the direot
effect of each trait, as well as, the indirect effect
througn other components of yield, “rom the results
of the path analysis :iven in Table 10 and "ig, 7, 8
and 9, it was obvious that, though the correlation
between length of main vins and yield was naximum,
it was the weight of fruit that exerted the maximums
direct effect (C.5545) towards yisld. Next to weight
of fruit, number of fruits per plants (0.397%) and
length of main vine (7,3002) had positive direct
effect on yield, The indirect effects of all other
characters through these traits were also positive
and high., ence it is very clear that these three
characters, namely, weight of fruit, number of fruits
pexr plant and length of main vine, are the important

characters contributing to yield in bitter gourd,

Jxcept in the case of number of fruits per rlant,

the resulte of the ‘ath analysis do not agree with the
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findings of Srivastava and Srivastava (1976 in

bitter gourd., In their 1nv.otigation. nuszber of
female flowers per plant had the maximam “irect

effect on yield followed by number of fruits per

plant and number of branches per plant and the
indirect effect of all other traits was mainly

through these traits. ‘lowever, in the preeent study,
nurber of primary branches per plant, number of

female flowers per plant and also length of frauit

were found to have negntive and negligible direct
effects towards yield. The major reason for the
contrasting results way be attributed to the diversity
of environmental conditions and populations included
in the studies. <orla and 'astogi (1977' in ohilli
and ;a0 et 8l, (1977) in bhindi found findings similar
to those obtained in the present atudy,

Length of main vine showed high indirect positiwe
effect on yield through number of fruits per rlant
(0.2010) snd weight of fruit (0.3329) thus compensating
the high genot pic correlation coefficient., This may
be explained based on the peculiarity noticed in the
growth of main vine, In bitter gourd, occasionally,

it 18 notad that due to the cbnormal thickening of
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growing tip, further extension of wvine is hindered

and a8 such, production of fruits and their dewelopment
are affecsed which in “urn will reduce the yieli., This
suggests tha* the indirect effect of length of =main
vine 48 juite possible, This abnormal thickening of
growing tip is worth 1nvw-tigating. for finding out

the physiological relationship between length of main
vine and yield,

In spite of the negative and negligibvle direct
effect in the case of number of primary branches
towards yield (-0,0027), its indirect =ffects through
weight of frait (+0,2032), length of main vine (+0,1971)
and number of fruits per plant (+0,1793) were positive
and high which was responsible for the high correlation
coefficient, ferhaps, the number of primary branches
may be influencing these traits by the photosynthetic
afficiency centered in the leaves developed from the
branches, Similarly nunber of female flowers also had
negative and low direct effect (~0,0361, and the high
correlntion coefficient was mainl: due to the compen-
aating indirect effects through number of fruits per
plant ({0.3722) and length of main vine (+0,143%6), “he

length of fruit was also found to have negative direct
(=0.086%) and the correlation was made up by the
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indirect effects through weight of fruit (+0.4992)

and langth of main vine (+0,1727). Among the

indirect effects, length of fruit was found to exhibit
the highest indirect effect through weight of fruit on
yield. This means that if length 1s increased, the

yield is improved depending on weight of Truit,

On close examination of the wvrnlues, it is jnite
clear that the indirect effects of all charscters
through number of primary branches, number of female
flowers and length of fruit are negative and low. These
effects thouzh small, are really nullifying the total
effect of each com,onent on yield, Therefore, a
compromise amor, the wvarious charscters should be made

in the selection programme for realising maximum yield,

Nandpuri gt 2l. (1976) reported that the number
of fruits and plant height had high direct e’fects on
yield in tomato. Singh and Mital (1976. observed
negative direct effect for fruit length in tomnto,

Aorla and hastogi (1977) suggested that the number of
fruits, weight of fruit am plant height had appreciably
high direct effects towards yield in chilli. Rao et al.

(1977) reported that the number of fruits scemed to be
the important yield contributing factor for yield in
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bhindi, as i1t had the highest direct effect,

The residual effect c-lculated in the sath
analyais was 00,4881, indicating that sbout 51 per cent
of the yield is contributed by the six charactars
considered for the path analysis., This modorate
residual effect may be bacause of the environmental
factnrs, sampling error and ‘he characters which were
riot considsred in the path coefficient analysis,
Sengupta snd “ataria (1971) obtained high residual
effect (0,541} in their investigation on soybesn and
this was sugzgested to be due to sampling errors amd

other characters which were not considerzd,

Hence, within the scope of the path analysis
c:rried out in the present study, it can be concluded
tnat greatef eaphasis has to be lald Tor improving
the veignt of frait, nmamber of fruits :e2r plint a-d
length of main vine which exerted positive and high
direct effects and through which number o7 primary
branches per plant, number of female flowers per plant
and length of fruit exhibited high indirect effects
towards yileld. A compromise between thcse two gro:rs
of char~cters is auprecisnle. In short, 1if a

salection procedure is ‘iesigned to increase the
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waight of fruit, number of fruits per plant nnd
length of main vine and %o reduce the number of
primary branches per plant, number of female flovers
per ylant am length of fruit to an optimum level,
simultaneously, tne fruii yield could be coasiderably

increased,

In ordzr to select the high yielding individuals
based on phenotypic performance there is a reed to
formalate u selection index, Such a selection irdex
will help to agceriain the extent of contribution of
each Tactor in a group and also to rredict the yield
possible by adopting the function. The characters
such as length of main vine (XZ)' number of fruits per
plant (Kg) and weight of fruit (X1O) which were found
to be the important contributors of yield (Y), were
used for formulating the selection index by the
multiple regression analysis., The function conatructed
is as follows:

Y m =T7,2168 ¢ 0,899C Xz + 0.0492“*X9 + G.Q335**?10

“he function was found to be highly significant
and thervfore, mach improvement could be expected by

using this equetion for straight selection programmes
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of yield. ¥Vrom the estimate of coefricient of
determination (ﬂa), it was clear that bout 74 per ceat
oY the variation in yield vwas detormined by these

three charzcters, phenotypieally,.

The partial rezression cnefficionts were hiyhly
significant in the case of weight of fruit and number
ol fruits per plint, ~venthouzh the former had s high
't' value, .ength of main vine also had high partial
regression coefficiont, but it vas not significent as
revealed by the 't' value, This shows that length of
main vine also contributes :0 yield =along with weight
of fruit and number of frults per plant =nd the lack
of significance mey be because of tiue low varisbility
in the available porulation. ?hc'multiple regression
analysis by <irti Singh gt al. (1974) in bhindt anﬂv
andpurd ¢ 8l. (1976 in tomato mlso showed similar

resul ts,

On close observation of the ;ath analysis and
maltiple regsression analysis, it is evident that the
regults of both snalyses are in conformity. In both
casns, weizht ot Trult exerted the wAximum influence

towards yicld, followed by number of {ruits rer plant
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and length of main vine. The multiple regression
coefficient eatizated vas (8667 and this indicated

the clossness between the predicted and actual yleld,

In conclusion, selection index has iniicated
that about 73 per cent of fruit yield in bitter gourd
can be preiicted 1if the obeerved wvalue for length of
nain vine is multirlied by 00,8957, number of fruits
by 0.0492 and that of weight of fruit by 0.C335 and

from their sum of products 7.2168 is subtrmcted,



SUMMARY
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SUMMALY

Studies were undertaken with 25 diverse bitter gourd
types in the Department of Horticulture ((lericulture),
College of ilorticulture, Kersla 2gricultural University,
Vellanikkara, Trichur, during 1977-78 (Octobar-February).
The objectives were, to determine the extent of variability
by estimating the various genetic parameters, to compute
the extent of association by finding out the correlation
coefficients, to asgeas the direct and indirect effects
of characters towards yield by analysing the path
coafficients and also to formulate & relisble selection
index for the crop by resorting to multiple regression

analysis. The findings are summarised below!

1. The bitter gourd types showed highly significant
~ difference for all the twenty one charncters studied.

A wide range of variation was also observed in most

of the characters.

2., Lstimates of phenotyric, genotypic and environmental
variances have revesled that & large portion of the
variation in all characters except number of seeds

per fruit wvas due to genetic factors,

3« The phenotyric and genotypic coefficients of variation
estimated for different characters have alaso confirmed

that the major portion of the total wvariation 4in all
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charscters except number of seeds per fruit was due to
genetic causes, Yield per plant had the highest estimates
for phenotyocic and genotypic coefficient of variation,
Other characters such as vitamin C content, iron content
and number of fruits per plant also had high phencotyric
and genotypic coefficients of variation exceeding 30 per
cent. Girth of fruit showed the lowest estimates for the

phenotypic and genotypic coefficients of wvariation.

4, ieritability in the broad sense was found quite high for al
characters except numbor of seeds per fruit, lumber of ‘
fruits per plant had the highest heritability of 99,80 per
cent, which was closely followed by yield per plant (99.74
per cent) and vitamin C oontent (39.6%5 per cent) and the
lowest haritability was recorded in number of seeds p:=r pod
(43,37 per cent),

5. Genetic advance eatimated in absolute values was found to
be promising in number of female flowers (31.40), yleld
per plant (4,02 kg), number of fruits per plant (31.22),
weight of fruit (55.35 g), length of fruit (9,67 cm),
vitamin C content (83,37 mg), protein content (3.69 g),
phosphorus oontent (160.23 mg), potassium content (74.44
mg) and iron content ¢6.27 mg).

6. Estimate of genetic gain was highest for yield per plant
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(81.93 per cent), followed by vitamin ¢ content (70,72
per cent), number of fruits per plant (64,30 per cent?,
nunber of femnle flowers per plant (53,50 per cent),
and iron content (51,81 per cent). Genetic gain
astimates have indicated that by seleoting five per
cent superior plants from the available po.ulation,
yield can be improved upto 81,93 per cent over the mean
and others by the percentages as indicated by the

estimates,

Characters such as yield, vitamin C content, number of
fruits, number of female flowers, iron content and
phosphorus content which exhibited parnllelism in the
high sstim-tes of heritability snd genetic gain may be
suggested to be due to the action of additive genes,
Hence these characters can be improved straight away
throuzh selection. “ays for the opening of the first

female flower, percentage of femmle flowers, girth of

fruit and 100-seed weight were found to carry high

heritability and low genetic gain which may be
attributed to the action of non-additive genes including

domi mnce =nd epletasis. Hence straight selection has
limited scope for improving these traits, Number of

seeds per fruit, which was found to exhibit low
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heritability and low genetic gain, may be nearly stable,

Comparison of different bitter gourd types for the
various economic characters in the present study has
revealed that the type B.G.23 is the highest yielder,
followed by BeGe21, BeGel" an? BeGe10,

Correlation studies have shown that the phenotypic and
genotypic correlations for any pair of traits seem to be
of comparable magnitude. The genotypic correlation
coefficients, however, were elightly'higher than

phenotypic correlations in many cases,

Yield per plant was highly associated with length of
main vine, weight of fruit, length of fruit, number of
fruits per plant, number of female flowers per plant and
numnber of primary branches per plant, both at phenotycic

and genotypic levels,

Intercorrelations worked out in the present study showed
that the characters exhibiting significant association
with yield per plant were nlso highly intercorrelated
genotypically and vhenotypically. Hence the number of
primery branches, length of main vine, number of female
flowers per plant, numbsr of fruits per plant, weight

of fruit and length of fruit can be simultaneously
improved.
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Association analysis between morphological and bio-
chemical characters has shown that the vhenotypic and
genotypic correlations betwcen number of female flowers

and protein content were positive and significant,

“he study of association among biochemical characters
haes indicated that the improvement of vaiioua quality
factors s.ch as totsl soluble solids, vitamin  content,
phoszhorus content and potasaium content is possible

simultaneously.

nvironmental co:rrelation coefficients estimated for
different pairs of characters made the point clear

that the enwvironmental factors favourable for c»riain

characters are also favourable for others because of

the positive and significant values., “nvironmental
correlations were negative snd eignificant between
yield and number of yrim ry branches, and node at which
the first female flower appeared, iHence, the environ-
mental factors favourable for yield will bdbe unfavourable

for these characters,

rath coefficient analyeis emploved in the present
investi;ztions brought out that the weight of frauit,
number of fruite per plant and length of main vine had
high direct positive effects on yield,in the order,
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Indirect effects among themselves wore also positive,
tumber of primary branches per plant, number of female
flowers per plunt and length of fruit had negetive
direct effects and the hipghly positive correl tion
ccaefficients ware compensated by the’'r iniirect effects
throuzh wei ht of fruit, number of fruite per plant and

length of main vine,

16. The indirect effects of all characters through number
of primiry brsnches, number of female flowers -nd length
of frult were negative 1nd thus they nullified “he toial

effect of each component on yield,

17. lesidual effect was 0.,4781, dndicating tnhat about S1
rar cent of variation in yield 1s contributed by the
8ix characters considered in the path an2lysis,

genotypically.

18, Hultijle regression analysis resulted in fitting the

following fuanction,

I = =7,2168 + 0,A990 iy 4 0.0492**}(9 » 0.0335"X10

where Y = “zpected yiel!.

X2 = Length of muin vine

XQ = Number of fruits per plant

x10- “eight of Truit

** = _ignificant at 1 per cont level

The function was highly significent and therefore, much
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improvement in yield can be expected by using this
function. Estimate of coef“icisnt of determination
wag 0.,7469 nnd thus 1t was clear that about 74 per cent
of the phenotypic variation in yield was determined by
the characters inclu.ed in the multiple regression

analysis,

rartial regression coefficients tested for their
significance have shown thai weight of fruit followed
by number of fruits per plant contribute? to a grenter
extent than length of main vine,

The results of path anslysis and multiple rezression
annlysis are in conformiiy. In both cases weight of
fruit exerted the maximum influence on yield followsd
by number of fruits per plant and length of main vine,
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Appendix 1. Veteorological data during the oropping period*®
(Means of waek)

— - Tempersture in °C  Humidity in 4 peqnea))
Vieeks Maximum Minimum Morning Fvening Iin =mm

A

™ 29.3 23.3 ( 1.8

22-10-17 = 28

90

. 4cTT  31.8 24,0 90 67 2.3
29-10"’7 1:~77 30.1 23.0 89 67 3.1
s-N-TT " #7304 238 90 78 13.0
12-11=T1 2~T7  29.9 21.9 92 80 16.2
19-11=T1 = % 0 30.5 23.6 86 69 0.2
26=11-T1 = 5 30.9 22,2 19 56 -
3-92-T1 "o 7 30,0 2.2 69 49 -
10-12T o 305 23.0 70 51 -
111211 1o 3122 20,3 80 48 -
24-12-T1, 1-78 32,0 21.9 79 41 -
=T 178 34 209 80 48 .

8 il qa18 st 19, 1 7% 4 -
15- Via. 1278 32.6 21,9 7 41 -
22 "4 2.78 33,3 21,5 78 45 -
29- 11- 2-78 34,1 22.4 as 45 -

5" 18- 278 34.9 22,2 a3 45 -

12 25- 2-78 4.4 22,2 a7 52 -

roet  Meteorologioal Observatory, District Agricultural
Farm, Mannathy



Plate I. 4 general view of the experimental field,
shovwing the method of training















Flate 1V, Field performance of bitter gourd type B,G»4
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Studies were undertaken with 25 divert# bitter gourd
types in the Department of Horticulture (Olericulture),
College of Horticulture, Kerala Agricultural University,
Vellanlkkara, Triohur, to estimate the genetic variability,
correlation coefficients and path coefficients, and also
to formulate a reliable selection index for the orop,

during 1977-78.

The reeulte have shown that the differences between
typee were highly significant for all the twenty one

characters studied.

The eetlmatee of variance oomponenta and eoeffiolente
of variation have indloated that the major portion of total
variability in all characters, except number of eeede per
fruit, wae due to genetic causes. Heritability in the broad
sense was found quite high for all characters except number
of seeds per fruit. Expected genetic advance has shown
that, by selecting five per cent superior plants from the
available population, yield could be Improved by 4.08 kg

per plant.

Characters such as yield per plant, vitamin C content,

number of fruits per plant, number of female flowers per

plant, iron content and phosphorus content Which exhibited

parallelism in the high estimates of heritability and



genetic gain say be suggested to be due to the aotlon of
additive genes and can be stralghtly improved through
selection. Type B.G.23 was found to be exceptionally high

yielding.

Yield per plantwas found to be highly correlated
with length of main vine, weight of fruit, length of fruit,
number of fruits per plant, number of female flowers per
plant and number of primary branches per plant. The
correlation coefficients among these yield components were

also highly signlflo&nt.

Path coefficient analysis has shown that the weight
of fruit, number of fruits per plant and length of main vine
had high dlreot positive effects on yield. Humber of
primary branches per plant, number of female flowers per
plant and length of fruit exhibited low and negative direct

effects on yield.

Multiple regression analysis resulted in fitting a
function, indicating that, about 74 per cent of the fruit
yield in bitter gourd could be predicted phenotypically,
if the observed value for length of main vine is multiplied
by 0.8990, number of fruits per plant by 0.0492 and weight
of fruit by 0.0335 and from their sum of products 7.2168

IS subtracted.



